ENGINEERED RABBIT ANTIBODY VARIABLE DOMAINS AND USES THEREOF 1. FIELD OF THE
INVENTION The present invention relates to methods for screening and producing polypeptides that
immunospecifisadbsRiRehto an antigen, which polypeptides comprise bindggidamainsspat are derived
from rabbit immunoglobulin. Using rabbit antibody heavy-chain or light-chain scaffolds, the methods of
the invention allow identification of novel CDR loops and framework regions that confer enhanced
stability and/or affinity to isolated immunoglobulin variable domains, in particular, relative to those
derived from rodent antibodies. The enhanced stability and/or affinity of the variable domains of the
invention permit thENabNEERED RABBIG Y FEBEHRIH Yadtd ABHEHRAAINS paN PSS that exhibit
inuntmospecificity for an antigen of interest, inclygifigrsiggie binding-domain polypeptides, i.e., single
domain antibodies comprising one of a VH or VL domain. 2. BACKGROUND Antibodies are composed
of two chains termed light and heavy chains. The light chain contains an amino-terminal variable
domain (VL domain) &g prEapPaaigmvENTenstant domain (CL). The heavy chain’is composed of

an amino-termL?ﬁd variable domain gk\l-}{and %%c nstant domains (CHI, CH2, CH3). The
antibody, binding Sit8 IO BTSRHRRRE AR hif ofatis gHOe Qﬁ@ﬁﬁ%@l@’ﬂ%&%ﬁ*&ble loops
that represent tirex@oospteifiesitpritydDetamainigenRetion p(OPiRsieBothpisansnihgepionmeontain
three CDR loopg,(GDR{, DR3), whi re connected.tp. a structurally conserved
beta.-sheet framgwork. W%%%%%ae o%rh%ﬁl%l %?%?E?%}jmastlgghrﬁg 6tg§f1 ﬂggé“ga%zﬁé & &to produce

a single populdiBH-ehantisadndds. sheroabodnel dtibudisiotnalibe)idtratfsptoficdlyotaigER a single
epitope obening gpieyplubiaadn e disheiaap ueRt:l haHONNATRR RIS WA ANHbady prpauction
| de-

and in vivo responses, including immunogenicity and cytokine-assoc _ cts, have lead to
the investigatiorPBTaRstRy ihBdRRI s derdaire. An arstisulmsisrafive costese deriveslifvrurebpécific
binding. StudiesiBygi@itermpteentamesi catiBrantiandy igiis s riestanionafarm. yithout

significantly changing the antige recognition and affinity. The identification of the smallest WO

2008/136694P FETETD S LS 1 REMEAHOR s EafFIRtEcat BRtingnd Sitigentias evolved

from full antiboplytypepeidateharag@ioihahaegscGembionas sitgendtaindrasi agmants. fgeto the
progress in ge%(?na?g%g]bination in the.80's, the ra]gig and eas ggneration.qf recombjinant variable
v

domains was possi s?rﬂ%‘%ﬂ%’%e&tﬁ‘?ﬁ%ré%é R TR A U S P B R 261 éh&& 8hcoding
VH and VL donYai#emeiste cloned from the genomic DNA of inununized animals, allowing the
characterizatiop, of mydligie-Bindirgygsctivities and fimetionalities against several antigens.
Nevertheless, the variable domain fragments initially isolated were scarcely soluble and difficult to

produce. ProbleRiRis e CosPIsererh Strednies immedd ishbradleswatidnins CBdightstiodies,

which are dimesigttestesihateamplise.amyheamrishains. ooy waid dhediscovaryghihe dimeric
molecule address many issues with respect to recombinant antibody production, but the molecule also

highlighted the SBEEBIAOMAH {e-he Rk RFEIW BRHHNTLAOPRASER P hdicnias-tommdirguiable
immunospecifiddirdiny i) thel ahsencasvina YghbthaioHlt, isHOVWCNBeIyhacerpied, thiatilgdheavy chains
may retain signjficant antigen bindin ilify in.the absence, of a Jight chain. There is also evidence
from structuralqétﬁaég%tﬁ%ﬁﬁﬁgﬁﬁ%%ft{agnmgﬁﬁe Illsdg?tqﬁiﬁﬁi) ?h% Fg‘@’ﬁﬁg?igi‘f% cDR
domains with resppessntchiefrommepenifictyy Detasriminastesang e DRoigst 4L Bné WE Rigdamino acid
residues providgmast gyl 0 r jal i molecular interaction with the
antigen. Accordingly, ftl?r?tt%%r redu?:gt;%pr%o antig’en in irigtggﬁp;\(o";i?e(]%lir;g iéirzk'gﬁﬁc%)hsi?lrg}éiecaIci)nrf“%giff’{{b|gﬁdf’lng proteins
may be possibi&asEl PRSP sEishnet Framedprhains. 2.1Rabbit Antibodies The rabbit antibody

repertoire, whigikin #hedarab e W apak antibed Il s, an outstanding
source for antibodies that feature stro%ﬁinig%%@g ’ggggﬁ%&%%ﬁg%%%gﬁ addition,

rabbits, which BEIBIR58 fieeihedies s6menss dies ety o <hah epesie ealbetansatedta, which

belong to the cidgleRafeptiapAtd GORSRUUARCE: BRITGRRS BRSER/ SbREMRR(RISRb B BUManN
antigens that are invisti%le to rodgnt mADbs (and also human mAps generated from transgenic mice with
human immunoé%b%ﬂlh 8% BRI SRe e Yo BURiIZERPRP FbBICIGRIE FEFHANBRHMY, BaHbit mAbs
generated by piadendispiayiaéferrddfiaca) ddvaritages due iavhe dactihaf penaty patandygenotype
are selected a imes Knowl of the rabbit inAb_ WO 2008/136694PCT/PT2008/000018
sequence alloévﬁsl&gw%%g%% z%efﬁ%‘%%%r% dé?% \S}%Er[:erfs;ag%lﬁffklb orma sﬁcf%r%léﬂ?r%l%ing%e"‘-‘égsm%é{fﬁeantibodies,
scFv, Fab, and@ig@ptgaAdoimfestatht\aribadnizdtiosmeatigsa fiamittiomattratiowitRadexi gti fika2000;
Steinberger etgln ZA00iB 3Tz 2004 CANSEAHENAPDI AR AEREIA 4 Mlage,lisplay have
become promising reagents for therapeutic applications’in humans. In normal rabbits, 70-90% of Ig
molecules and B cells carry the VHa allotypes due to the use of the D-proximal VII gene segment,
VH1, in VDJ gene rearrangements. Rearrangements of a variety of Vk and VI gene segments appear
to occur in rabbits, since a variety of different VL seqlences have been found among expressed cDNA
sequences. The B cell repertoire that develops in rabbit bone marrow is limited by the small number of
VH gene segments used in VDJ gene rearrangements. Whereas multiple Vk gene segments are

rearranged in bone marrow B lineage cells, most B lineage cells rearrange the same VII gene, VH1,
which encndec the \/HAa allotyvvnie caniiencee The renartoire ic alen limited by the 11ieane of 2 emall




As discussed above, rabbit antibodies are subject to evolving maturation by somatic hypennutation,
and are not dependent on gene conversion for increasing its affinity and binding towards a given
antigen. In it] ognition, another important property of isolated single-domain antibodies is
its inherentasglr%c&tglﬂsé%{gﬁility. Because rabbit antibodies evolve by somatllzzclwﬁ9 pr[ézr%slﬂ X P&% VH and VL
stability of rabbit antibodies is not dependent on inherent properties of a single VH or VL family but a
property that can be subject to evolution. Antibody stability is important not only for promoting a good
conformation of CDRS for antigen recognition, but also for downstream applications such as
production andasghedy hsdtifent Nhareo vaaisio of mﬁiﬁfgaeaﬁ@g&gnﬁ%{@%aeﬁaﬁﬂfaﬁ%gggtein

domains, it is ceivabl the hydrophobic. interface can promote protein aggregation. For that
reason, the prce%gnc?g{n%gﬁégg]gtge%%ﬁﬁé%%35}%1899 W& PPty dremsaisare inherently stable provide

the possibility dPisentthimgoguve s gmit-donmbimatitharlite 8ith ariginsband diffor gRegies than
those presently.existent..d b ethod encompasses.the jdentification of distinctive rabbit
single-domain antibodies, wit Eﬁ?&%ﬁé@%ﬁeg?ﬁnﬁaredsﬁﬂ}ﬁéﬁ’,{fﬁ}%“iﬁ%%e G RRRtibodies,
and presentingf§Ha ARG Ept ofi@epcsnenstdbiigy VS SUIVKIABYmEIRs Twvkzd MG NT I | fhé first
aspect, there iggHevidaonearaethachifsRrotneing A1 LRh r\ main that immunospecifically
binds to an antigen, and th%LB‘slhows a desired solubility%tt%%f%f %{:ne %?t%%koo%éjg rrfeeg%ltrllggr’)\’,"g\/vherein
said method is X TFSHEA SRELIRpIHSS geainst Revar) EEEBs pRRyerdiebvess dhervlitingly doseinf DNA
sequences thafregenis Mitially\Holdrihaing SeaidmupesradisaluRiniliogaid antigen, said phage
expression Iibr?%ﬂi’ée qredrgé%ntll(PNA o:?ﬁgNA%e%ﬁnces that encode VH or VL domains and that
were obtained Trom A biologicar sampie GRS FRESi ek A Hgreenearieneep ramelid anibogisbulins; and
b)expressing stfidetsf sénerncesicoresstbsatohpraef ol aciafacasiasfusion MRLEIRWith.CAT,
selecting bactqﬂ'gcgl@,g;lh h henicol resistance by virtue of CAT expression, and obtaining
sequences encoding rabg‘t;/it?h\%_-ih%%%gé)ggr%gﬁ% ?%)grrne??]éxlél&eéstﬁtb?soﬁ’éf HE R RIS HY Batterial
resistance to cHIgFANH REMedico ineniée bypksid A higidizhed alatgpwitiiagldbiligesiaRilty, and/or
lack of aggregaa of sAifkagaUBASF useclia GAT AW IsiaIn saldselection s at 8 chioramphenicol
stabi

concentration sgffi ient-to select for said desired solubllity, ity; and/or [ack of aega é‘aﬁ?on,
wherein the re@bBE YR df Vinem el aswsrted Srbdtckenvsabeinioryerdiiitsigniiibiar said

antigen of no greier HiAMA)HMHOLABECBRGhRIRQL CIMBISNOTAL ORI SRS, SEgUeRZES of DNA or
cDNA that enche V'é'lo L dom insd' bacteria as a fusion protein with CAT, wherein salltjﬁl DNA or
structural] s % §

CDNA sequences were ot B h -2 Bib i6&ien ool stompim bitthe marhisigrinantef trpress
immunoglobulFBRbjseientinitbastedatshiaihanessfiaTampemiGoRsISRNGR Byditpiemf GAT
expression, arﬁ%i%g}gh&l e;eglﬁggs?\éjenc S enc%c%iin%rab it VH or VL domains from the selected
bacteria, whereby said bacterial resistance to chior B‘Pn FIEECE SRR 5% Wlhte Ameiadin
correlates witHtsorapifieylastitsiraeian dith| ok aftaggregationingbaidshareanefusast tnGAT and
wherein said sgleglen, a ical centration sufficient-to select fqr said desired
solubility, stabj|itgﬁg%gigﬁ%&%%g%ﬁ%%&%e%’?ﬁ%@&%ﬁ b‘?%naa‘(ntf“?/ﬂc’é?l e%%?ﬁ‘iiﬂﬂ‘fﬁs a Tm of
at least 54C aHBSGHBRYLVELIBR&ER/ antigen of no greater than 20 nM; and c) selecting from a
phage expression libzary DR4psaomgssssithat encode VIl or VL domains that immunospecifically bind
to said antiger?,l}whggrglp said liprary is prepared from said set of sequences, or subset thereof. In a
ere’is

second aspect; théf8s SRVIRRGEPER;Feptitich it ihnferme P aticanyabineidbadientigehemherein said
polypeptide catiifzisefoieatenothaaf airaihitigHerlssomainandiat leashe %?r&fg#@?fﬂzi}@" -
FR1domain hayj .éges ami 10 arcg\q sequence. QOEQLMETESGGGAEGGLVKPGASLTLTCTAS (SEQ ID
NO: 57); %;% I—Pﬁ%@ 1o a?ﬁ%é\ﬁﬂgi% \nifhee e EaftRifsc@hich belong to the order ‘
YATWVNGREFESREPBO STERIG0NE ly THADT AT WG ARUSRQED WRhMiong tdha HheFRI domain
having the amingagid sggue TQTPPSLSASVGETVRIRC (SEQ ID NO: 150) . (d) a VL
FR3 domain having the%%%n%&%%%ﬂ%ﬁ%%pwgﬁgﬁ%@& éﬁ?ﬁf@é\?@@A REPY Y C: (SEQ
ID NO: 205); dat are(@yvisipie rRacdenh at baing tecamineranid lse gueneed AbGGE&EELEL (SEQ ID
NO:210). In adhidaspast; 1SS S RMmM tj t immunaospecifically binds an antigen,
wherein said po]; pa tide comprises g]%%%qb%ﬁgg%ggaﬁﬁg \r}%lilé?%ﬂx %%r% iﬁ?%gr\lépé}ti¥(§;{)§%ne of
(0aV11FR2d6%H§iﬂ %ﬁng the amino acid sequence WWRQAPGKGLEWIG (SEQ |D NO; 69);
(9)aVHFRAddabinhawbe generated by phage display offer additional advantages due to the fact that

phenotype and genotype are selected at the same time. Knowledge of the rabbit mAb



the amino acid sequence WGQGTLVTVSS (SEQ ID NO:139); (i1)aVLFRIdomainhaving the amino
acid sequence ELVLTQTPSSVSAAVGGTVTINC (SEQ ID NO: 155); (i)VLFR2domainhaving the
amino acid s&%uz%ncle WYQQKEEKPETLLIS (SEQ ID NO: 174) or WYQQ&E}&C’E’{‘ Iﬁg&;&hg (SEQ ID
NO:181); a{@Lsﬁgé domain having the amino acid sequence _
GVPPRFSGSGSGTDYTLTIGGVQAEDVATYYC (SEQ ID NO: 183); or 00 a VL FR4 domain
having the amino acid sequence FGAGTNVEIK (SEQ ID NO:206); and wherein said polypeptid_e
further comprises at least one of (a) in the VH FR2 domain, a phenylalanine at position 46; (il1) in the

1 2 oo goslensi e G naiad i kg o4

55 (0 in the VIFCISHI CRTROAES 5t aEBbLAon i {GPFTAHE ) PEBREOm &7 &B78teine a

position 59; (h)uattiretivi (RderiemAin 2600a&sthiberatdesiiore 4@, Rader, 2001). Consequently,
rabbit mAbs generated by phage display have become promising reagents for
therapeutic applications in humans.
In normal rabbits, 70-90% of Ig molecules and B cells carry the VHa allotypes due to
the use of the D-proximal VH gene segment, VHI, in VDJ gene rearrangements.
Rearrangements of a variety of Vk and Vi gene segments appear to occur m rabbits,
since a variety of different VL sequences have been found among expressed cDNA
sequences.
The B cell repertoire that develops in rabbit bone marrow is Limited by the small
number of VH gene segments used in VDJ gene rearrangements. Whereas multiple VK
gene segments are rearranged in bone marrow B lineage cells, most B lineage cells
rearrange the same VH gene, VHI, which encodes the VHa allotypic sequences. The
repertoire 1s also limited by the usage of a small number of JH and D gene segments in
VD] rearrangements. JH4 is found in 80% of the VDJ gene rearrangements and TH2 in
thel other 20%,; the other three functional JH gene segments are used rarely. Also, from
the total of 12 D gene segments, most VDJ gene rearrangements use D2a (D9, D2b
(Df), D3 or D5; D4 and D6 are rarely utilized. While limited usage of VH, D and JH
gene s‘egmcnts‘, would result in a limited VDJ fepertoire, N nucleotides are found in
‘esse'ntially‘all VD and DI junctions from the earliest rearrangerﬁents dun'ﬁg cellujar
differentiétion. The high diversity of N regions among VDJ gene rearrangements

" results m 2 much ‘larger repertoire than expe_é:téd from rearrangement of a limited

number of V, D and y gene segments. The size of this repertoire has not been estimated.
However, given that essentially all VDI geﬁes are soxhaticaﬁy diversified in periphery
after B celis leave the bone maﬁow and other primary sites of B lymphopoiesis, it is
conceivable that the repertoire that develops in the primary sites of B cell development
is functionally insufficient.
After B-cell Ig gene rearrangements occur in sites such as bone marrow of young
rabbits, immature IgM B cells undergo further Ig repertoire diversification in appendix
and other gut-associated Iymphoid tissues. These sites appear to foster development of

a primary preimmune repertoire.



() in the VL FR2 domain, a phenylalanine or a tyrosine at position.39; (j) in the VL FR2 domain, a
lysine at position 45; or (k) in the VL FR3 domain; a cysteine at position 91 wherein said positions
are according the positions of the Vry domain or VL domain sequence alignments in FIGS. 3 and 4,
respectively.%’r(l) gt“f%aﬁﬁﬁ%‘%pect, there is provided an antibody comprising the BaRBEPttISas defined
above or an antigen binding fragment thereof; wherein a VH or VL domain of said polypeptide folds
to foul' a soluble, non-aggregative polypeptide that allows selection at a chloramphenicol concentration
of at least 1.8 mM when fused to CAT; wherein the VH or VL domain has a T," of at least 54C; and
wherein the VHGeRY kiftion on Qb aRmeizekaty %ﬁl{tfﬂ@ﬁpeﬁéjé@%ﬁ%ﬁ&g}é%‘&% chymgrigor
humanized version cgf_t e antibody or fragment as defined above. Ina sixth aspect, there'is provided a
fusion polypepfHRE8H grﬁ FRF M Adto SOMEF S yPeHBHIaionseaentrndhe/D dothbiregionsprising the
polypeptide aswisfthethabhyewh gsevesiteaspedsibare iwmdﬁé%%rf%i%w&w&%ﬁ ¢Qmprising
CAT fused to thg a&%&bgd eipn[l{lragment as.dg%neg) aﬁgg . In an eighth aspect, there is provided a
fusion polypepfide comBﬁ/smg R ARG o PREPISRR EEYI& L ORHGY BIBRR AR P aEBect, there
is provided a pdlyheicteutidged idddien aciséats.polypeptide as defined above. In a tenth aspect, there
is provided an lop.vect ising the polynucleotide as defined aboye. In an eleventh
aspect, there ifﬁg?/%ﬂe%%yﬁgs%%&;ﬁgcﬁgg%ﬁ ﬁagﬁ 2%%%%%0@8!%%%% 2 S TREP A EEe TRk Bresent
disclosure relad®$%8 FRRRPFditobicifonles isnd dodipenifcpiippkptigdnmamprispmsedences
derived from r@l@&%ﬁmm@@yﬁ@sﬁgi%ggm@%n@% gpjides comprising such sequences,

and to polypeptides produced by such methods. In particular, the disclosure encompasses methods

for the isolation’attd GEEEREhBH AT SRS 0BIA LI gkt haro gresseinGBReafibfradesslaptagegions

derived therefraspeddie dis¢!qsuse furteer aravjdepdantherdantif iQ@é};SHhé%fs NENEl AMING.ACig sequences
(including novgéiami ag:id residues at defined positions) within isolated rabbit VH and ¥/L domains for
I

use as "scaffo V%?SIS%)F& U APEERTCRE MRS COMARPSRED R SotTsingly Siffessmefonk thegtons in
recombinant infienud dssplific, pdiypeptitesuiiam sebbigacafio ldrbeu arcosiinsiuding sqaffpld residues)
or novel CDR/ C f the disclosure enhance the stabjlity and/or affinity of the
variable domag%g%gﬁéﬁgﬁéﬁ%n%sﬁé%ﬁ%qﬁg yB’eﬁ?%teeré EHWRiBo&Es) dru et AHEFER, in
particular, relafitfang F@@emb@die%hmm@mmuué&emémg)r&g’smc(f{tﬂ.’gtyl,yigaﬁ@iﬁi@ single
comain mmunoDRpess &gochRlE CRRAlR ARUAAIES, I05 BiSREN dadlostis gnpompasses the

: | :

production of ngvel rabbit VH or VL domains with specificity for a given antigen, or epitope thereof In

particular, the ARECHRASPIGUIGRIS fohighsranto of Sy pravutahenr abishbitdwing iniour nessademethod

comprising: (ahsepeetiogdrarma Bélﬂ&@,%&E%&Qﬂé@ﬁﬁé@%@éﬁ%ﬁﬁg&%ﬁ%&h&?& gde rabbit
VH or VL dom?ing that immurllgggil}éecifjcallyéfnd to a desired antigen or epitope thereof (also known as
phage "panning™ ant (B SXBrE g b ad e JenarlicsiecPa BuBkbit fasraurhio aeerm as a fusion
protein with chitamgti ericetsa(@Ostiansteraaey (| RAphidoehapiecingbaGRia that P&y §ithin
chloramphenicpl sesistance. by.virtue of. CAT expression. Jn alternate embodiments, the present
disclosure provide(%rq fglr) a m%tgé)v g*%ﬁé&ﬁcﬁﬁfg rraaﬂrbalrf@g g}; GG MSTHE Ay fratniy Egpfﬂlﬁ}’ising (a)
expressing segiféietistbe DA brisDNe eerpodieg t Etdepadtiedorgins of rabbit immunoglobulins in
bacteria as a fygign: ERLRIRMtE.GAT. (), e&‘;'!?g Rrgc ria that have chloramphenicol resistance by
virtue of CAT expression and obtaini%g thg%et of D Aé?élﬁjger%t_‘gs%gﬁ qcﬁ:l]ag“{he F5BISR &%r VL

domains from #f&*SeRSctay Bhe ehardbidgorisepdineompinatysidxpesbsivsmibiarimiond. tHEhset of DNA
sequences obatae el () &k selpring BNAeauencasbia’ slsas i el L domains that

immUnospecific’aII%lb%ind 0 a desired antigen or epitope thereof (i.e.; panning the library for

immunospecifié Bty GRelhy srepropesicncadaaiahmsativendsrinesrbsdhtsissiosure
encompassesametheds/ by thammaducian dimsablit dHseiny Idepalnders R i RhageRanning

step is repeatg}c{i one or more times. In related embodiments, the phage panning step may or may not
be repeated sequentialy; T ﬁﬁgﬁlg%%’re‘?é’lﬁﬂeﬁﬁ HnArspsdieat o QS rdighc Sheim sRessResent
disclosure maycbermidtinestaiminmidrdiallyhangre parke VY asyuseiipcherseriaed hgrairoansdor known
in the art. Ex j f r A sequences in bacteria as fusion proteins is well known and may
be perfoimedqtl})%sgfr?ﬁ r%esg%%sgc%%[esgrﬁ%r%i%u%?tsf(ar}%ﬁ/v%rir% %#,Hle]%. ,’%‘C}ﬁ?ﬁé"f@é’ KEPCDNA
sequence enchERIgHkiVEGr o7 lathsrmimiramigraeteslissicitesactdr thtwomprises a nucleotide
sequence enesling: ATt A IAMAIRR SAANRNRS DAL 0GR IUSIORPIRISIn YpIasaipr Expression
of CAT in bacteria as a fusion protein with insoluble peptides confers significantly lowér
chloramphenREIPEBISEFRIBRIRSHEO &Y edprusaiighbehaitu¥igh pretariraiitB adbidbielopptide (e.g., a
peptide that is at least partially folded and not aggregated when expressed in bacteria). Accordingly,
selection for chloramphenicol resistance in bacteria transformed with nucleotide sequences encoding
fusion proteins comprising VH or VL domains and CAT will select those sequences that are capable of
being recombinantly expressed as properly folded and/or in non-aggregative fouins. In certain
embodiments, the present disclosure encompasses methods comprising culturing said transformed

bacteria on selective media comprising at least 0.1 mM, at least 0.2 mM, at least 0.4 mM, at least 0.6
mRM at leact 0D Q MMM at leact 1 O MM at leact 1 2 mM at leact 1 4 mM at leact 1 A MM at leact 1 Q




In certain embodiments, the immunospecific polypeptide of the disclosure comprises one of a VH
CDR1 domain, VH CDR2 domain, VH CDR3 domain, VL CDR1 domain, VL CDR2 domain, or VL
CDR3 domain, but does not comprise any other CDR domain, wherein said CDR domains have been

isolated and/or identified by the methods of the disclosure, wherein said CDR domains have been
isolated andlebrRISTERES By Thes FrPHRETEdf greadis candegrdriuintpid. Tnbveteam WmBEfRents, the

immunospegific;palvRe RYge-Rlg HSGIRE MR COMBESRmA YEhchRE %@éﬁ@n@%ﬁ%ﬁ%@b@mpfise a
VH CDR2 domain, a VH CDR3 domain, a VL CDR1 domain, a VL CDR2 domain, or a VL CDR3
domain; or EBMPHEEENMHEIR? domain, but does not comprise a VH CDRI domain, a VH CDR3
domain, a Vi GRRALAMBIa MbirDR Aamain0kd Kb GDBR AGHIRMQr £RMSeSRaME CDR3
domain, but does not comprise a VH CDR1 domain, a VH CDR2 domain, a VL CDR1 domain, a VL
CDR?2 domAiRCHRBRAOE PRB0 AMiACRINESH Hs88 AN donareasineiseatfistt¥a®irise a VH
CDR1 domgjfqa Ma=RR2 damaim @y DRSNSk MR RAAMPaithRfaat\PedpBR3 domain;

or comprises a VL CDR2 domain, but does not comprise a VH CDR1 domain, a VH CDR2 domain, a

VH CDR3 d¥niwsis el wingpfamysmamibefigs s $DmRBAH AHISHSHRREs BotEwr® B main, but
does not coppkiseR W FORL Gemainn dvih&RR2 demaiy & VEGHRR3 domain. abo@RR1 domain,

or a VL CDR2 domain). In certain embodiments, the immunospecific oézgg tide of the disclosure
comprises ahytvecarader epRISHHATIPIIS RS dtvelsiny Wigic it YIPEODRY domains,

VL CDR2 dgmaifh 8k Vib{cBRS dMaish Pulieea naksomprisepoiaihssGRIF depaimonherein said
CDR domains have been isolated and/or identified by the methods of the disclosure, wherein said

CDR domaths2pedecBainmssiate @ bridridErifatias) thenseitisas brtndwis&Bstre pFsample, in
certain embodimentss thadmmunesegsifis Paivpestide ahthe fisalasurrGonplisema YrERR1 domain
and a VH CDR2 domain, but does not comprise a VH CDR3 domain, a VL CDR1 domain, a VL CDR2
domain, or EVAMEB RPN REoMpPIEE R SANERRY dbAsreiRble e EBR3HeRRaRICbut does

not comprisg ey bk CRR bderbainpd il G4 Aa0RIER WaCRESHOMAIRrQka MhetdiR D Fomain; or

comprises a VH CDR1 domain and a VH CDR3 domain, but does not comprise a VH CDR2 domain, a

VL CDR1 d¥issimsisplats b qohalh: drmains et dirsmtl v ot presds e repibitibmain and a

VL CDR2 dgmaintiPHhHoRs aheapingi R MHbeR lvdomai i MidGiRRAHoprai@eY thiaDR3
domain, or a VL CDR3 domain; or comprises a VL CDR1 domain and a VL CDR3 domain, but does

not compris@$8/IeEBR FéTisai, a VH CDR2 domain, a VH CDR3 domain, or a VL CDR2 domain; or
comprises ariyd(=Ex SRMBIN Fdipdks&RR3idamatiidut SoesmRiRRMe fn¥d-§dRindomain, a
VII CDR2 domain, a VH CDR3 domain, or a VL CDR1 domain; or comprises a VH CDR1 domain and

a VL CDRI gitiihaficsut tib 9 KBecRIARTTEEsacOmREISR 20BrRA: OKCHREUBFAHARBONEDR2

domain, or gnglpgggﬁ{ﬁlgmiaf@ﬁ%g@wém@ Mid GRR&domain and a VL CDR2 domain, but does
not comprise a VH CDR2 domain, a VH CDR3 domain, a VL CDR1 domain, or a V. CDR3 domain; or

comprisesc?VII Cgﬁ&g@%%mﬁﬁg@%}@m but does not comprise a VH CDR2 domain, a
VH CDR3 dOmain, In, or L 2 domain; or comprises a VH CDR2 domain and
a VL CDR1Idenfiash afpitctiaberndt pomijtiige anviHod BR pradmaig, arshhiCHRS domiasinam WaCDR2
domain, or a VL CDR3.domain;.or comprises a VH CDR2 domain and a VL d in, but does
not comprislelzng3 W%B@i%&éﬁs a??/ C?B%%g%gallaﬁ?i%ﬁvgﬁ?% % gﬁng?r% %rﬁ éV%%%%’B domain;
or comprisemd/MthGDR 2goagativandizvin €HR3 dbedaing fustdoebmbteompiise a VH CDR1 domain,
a Vi) CDR3 domaig, a ¥, GDRI damain, 1,3, \h CRR2 femain; rcampyiags 8 Vil GpR3 gomain
and a VL CDR1 domain, Bul doeshotcomprise a CoRL omain, a HEHR. omain, a VL CDR2
domain, or a VL CBR3ddmaineircothptisesanskp @iiR3ldoadh @nshal \dot(aR Zadnphisgeout does
not comprise a VH CDFéliodnom%in a }/Ha?%%z domi}g,oa \é é\%@@é dgnrggsthaotr eanVIﬂg R%rdomain; or
comprises a VH cBRY Gomain ﬁﬁ%%% ¢ %omam, bltdoes no comprise a VH CDR1 domain, a
VH CDR2 domain¥a \doGHR1 asteindial, oveacVobGDRE domain; wokwicplisesbio MHaCRBStdomains,
but does not compr!ﬁsga? }{lH %Hﬁ%aq%@%%%s‘fi‘n}@ugoD%%uq%@aam a VL CDR1 domain, a VL CDR2
domain or a VL CD onfain or comprises; or comprises two VL CDR3 domains, but does not
comprise a VH CDR1 domain, a VH CDR2 domain, a VH CDR3 domain, a VL CDR1 domain or a VL
CDR2 domain, etc.). In certain embodiments, the immunospecific polypeptide of the disclosure
comprises any three of a VH CDR1 domain, VH CDR2 domain, VH CDR3 domain, VL CDR1 domain,
VL CDR2 domain, or VL CDR3 domain, but does not comprise any other CDR domains, wherein said
CDR domains have been isolated and/or identified by the methods of the disclosure, wherein said
CDR domains have been isolated and/or identified by the methods of the disclosure (for example, in
certain embodiments, the immunospecific polypeptide of the disclosure comprises a Vu CDR1 domain,
a VH CDR2 domain, and V11 CDR3 domain, but does not comprise a Vu CDR1 domain, a Vt CDR2
domain, or a Vu CDR3 domain; or comprises a Vu EDR1 domain, a Vu CDR2 domain, and Vu CDR3
domain, but does not comprise a VIl CDR1 domain, a VH CDR2 domain, or a VH CDR3 domain; or

comprises a VH CDR1 domain, a V14 CDR2 domain, and VL CDR1 domain, but does not comprise a
\V/H CDR?2 domain a \V/l CDR?2 domain nr a \/l CDR?2 Adomain: nr comnricace a \/H CDR1 domain a \/l



agent/immunospecific polypeptide fusions of the disclosure may also be used in in vitro immunoassays
and purification methods using methods known in the art. See e.g., PCT publication Number WO 93/2
1232; EP 439,095; Naramura et al., Immunol. Lett., 39:91-99, 1994; U.S. Pat. No. 5,474,981, Gillies et
al., PNAS, 89:1428-1432, 1992; and Fell et al., J. Immunol., 146:2446-2452, 1991, which are
incorporatehereiprbiereifgeitéd Rettdiseditigrss oT HerapatitithagehtdToragsdin tcdofddnte with the:
methods of the disglosire,aie pot+o he.canstiiedas imitedve classisalirhemicalsoarareyic agents
(e.g., chemotherapeutics), but may include peptides that may or may not modify or alter biological
responses, drug midiBtfes! fadibastivessiate Gafs ohiaigeysuEnetat6rsoding SIRRIA Ma AB limiting
examples, such polyneptidesas therappuliciagsis-mainside alauminpralaningaalaumin
interacting proteins (e.g., gp60, gp30, gp18 ,grotelvn A aG rotein, protein transduction domains (see
e.g., Bogoyevitch eklarappsnicsN AcosiBidl by:g70l864 hksiop inesrsbiatedvBY refvbHE in its
entirety), toxins, cyioioxins .QuRAriQNS Afantihadymeleeulss (@gubikdomain. GHbdamala, CHI
domain, CHI domain, CL domain, etc.); such radionuclides may include radionuclides (e.qg., alpha-,
beta-, gamma-emittBeEciat3iknsWpcHPthdsantior Iepenmgnenijslodaentgieatiete cibieidigrial in vivo or
in vitro) and/or producing,a therapeutis eHesli(e IstdBRily Sahd/or lack EPAWEedatfonStenaSHED
macrocyclic chelators include those own in the art for conjugating radiometal ions (e.g., DOTA). Ina
certain embodimeH8 raserdHRHENY O PTrAmERBAr8giohd BF feainitatinesspedit Borpptides of the
disclosure are derygqfrQmdrabpiel WOV dagiqnsnidaniited or isolated by the methods described
herein. In other embodiments, the CDR and /or framework regions of the immunospecific polypeptides
of the discl®Surécapahmetiadh e TrsiFtTEbbit VH or VL regions identified or isolated by the methods
described hgrein, put,compriseqierelseaoid araineakia SeaUeness-and/arnoyelaming agid residues
at certain positions of the amino acid sequence of the VH or VL domains identified by the methods of
the disclosure. in BB AL IIHIlINEAde el BB tBR PO N AcRSSUFaYEscribed
herein comprise additiongt aliesatinns, W%%E@cﬁ%ﬁ%ignﬁ?dat_%ﬁﬂ?ﬂn@oﬁ%ﬂ;ﬁﬁée%{'&s’tlﬁﬁert'ons’
and modifications, of the VH and/or VL sequences isolated and identified herein. Preferably, the
immunospecific polypstiseseeiahuliBlies, of the disclosure, or antigen binding fragments thereof,
are monoclgj;al (e binshthessame apifons.ef anantigerl:and igscerain synhedimests may be
humanized. The disclosure further provides a pharmaceutical composition comprising (i), and (ii) a
pharmaceutically &¥86¢tiple GadicidiEitaiieRBo8inEareBIthCaIOdB /Bl aMracButical
compositions are H&M?ﬂ_ﬁg @61&&5%@_ %%f&ﬁ@é”‘é@c%tﬁ_,th‘%ﬂ&%%}@%%ﬁf tﬁé‘c@ﬁﬁio%gﬁta?é@ to
pharmaceutical compositions comprising a therape,utlcalnyeffeptlve amount of an immunospecific
polypeptide of the ditursaabsnischnsREs HAdMY fragneftin{asiss, spackeitarvbiteiniediacceptable
carrier. 3.1DefinitiqppAg,usgriRereirikths tepireaialagoin dhe ceriexef Rigiginaceus agants (e.g.,
proteins, polypeptides, and antibodies) refers to a proteinaceous agent that possesses a similar or

identical function 2&88§E AP ASISRINEe dtisth g DRTPRIRBE HER I seasenii e B sitilar or

identical amino acidjseausngs LHRESECORMRIOIAINANAUSRDEN K RPSEESSARIMIlAEQEItlentical
structure of the second proteinaceous agﬁgt. A proteinaceous agent that has a similar amino acid

sequence refers tdh SEEIRBAIPIBLYREE s dogemp that aatiriat 3t ieastdne SR BIRIRABA (a) a
proteinaceous ageq iaviag antanminer asidsegransethalis aldeast 30%, at least 35%, at least 40%,
at least 45%, at least 50%, at least 55%, at least 60%, at least 65%, at least 70%, at least 75%, at
least 80%, &l leaste59HN&t fERRst HOVR24t FEREE91SY, Brrat RS FoRTaRET AN TREdriNe &Eid

sequence of a seGaNdRRRIRINRGE AT AA6E AR PRiNaceaus adrRhensrdad byi@ Ryeigdtide
sequence that hybridizes under stringent conditions to a nucleotide sequence encoding a second

proteinaceous ageftbFRAfdEes & %BEé%ﬁﬁW%@H%ﬁ%@”&fieaﬁ 10 contiguous amino acid
residues, atrleasicbarmORgU Ush @GN RORAGIIERSIHWER RbRRS P GaRtigepSATONY asiddasidues, at

least 25 contiguous amino acid residues, at least 40 contiguous amino acid residues, at least 50
contiguous AAFS-aWRETES Rk PAbRERII B0 eaIEITS P ATty Resiuf &0 Kat7YLc8rligHous amino
acid residueg,ial: Irast & egntiguous amino acid residues, at least 90 contiguous amino acid residues,
at least 100 contiguous aming acid residues, at least 125 contiguous amino acid residues, or at least

150 contiguous antilo atid réidudRand P Protdiiitious lgentdiB8de by a ntRIBSRffe
sequence thst s Arfenst 807G at(Rapt/35% 3 19astdPXs adieasb4bén, Atleast 50%, at least 55%, at
least 60%, at least 65%, at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least
95% or at least 99% identical to the nucleotide sequence encoding a second proteinaceous agent. A
proteinaceous agent with similar structure to a second proteinaceous agent refers to a proteinaceous
agent that has a similar secondary, tertiary or quaternary structure to the second proteinaceous agent.
The structure of a polypeptide can be determined by methods known to those skilled in the art,
including but not limited to, peptide sequencing, X-Rfy crystallography, nuclear magnetic resonance,
circular dichroism, and crystallographic electron microscopy. To determine the percent identity of two

amino acid sequences or of two nucleic acid sequences, the sequences are aligned for optimal
comnaricenn niirnneec (e a adanc ~ran be introdiriced in the cearience nf a firet amino acid or niicleie



WO 2008/136694PCT/PT2008/000018 93/17105; U.S. Pat. Nos. 5,225,539, 5,530,101, 5,565,332,
5,585,089, 5,766,886, and 6,407;213; and Padlan, 1991, Molecular Immunology 28(4/5):489-498;
Studnicka et al., 1994, Protein Engineering 7(6):805-814; Roguska et al., 1994, Proc Nat) Acad Sci
USA 91:969-973; Tan et al., 2002, J. Immunol, 169:1119-25; Caldas et al., 2000, Protein Eng.
13:353-60; Morea(®i al. 20081 Melists 260087079; kxiget a1 ominogiortthens 8?92 ¢0678-84;
Roguska etyak T3@0RdN ptair Enen 88989041 Kaute A RTAPYY Carcer RegsBp(23 1D
Supp):5973s-5977s; Couto et al., 1995, Cancer Res. 55:1717-22; Sandhu, 1994, Gene 150:409-10;'
Pedersen et&);, %8894, J. Mol. Biol. 235:959-73; Jones et al, 1986, Nature 321:522-525; Reichmann et
al., 1988, Nature 38p:323-329; angiprestao k292, Cratifp. Stpct. Bighe:593+a96 (Raebneé which is

hereby incorporate bé reference herein in its entirety). The term "humanization" also includes

methods of SN0y FeRiFRdcintsUER 28iHa¥R disclosed in U.S. patents 5,770,196;
5,776,866, 5, 821,1123; and 5,896,613, eagh-tqiptudnickaet ahdeachphwhiclis inceeeiried herein

by reference in its entirety). As used herein, the terms "immunospecificallnginds," "immunospecifically

recognizes & epaiRkies QJQF%EWXM%%EEQ{CM@%QQB%QS Ph&Trefer to molecules that

specifically bind toan antigeqy,(e.gprepitopRALINMURC FEMPIAY) anghgenot specificativetird to
another molecule. A molecule that specifically binds to an antigen may bind to other peptides or

polypeptideBATRAEHEL S InyE Ho &I by, e.g., immunoassays, BIAcore, or other assays

known in the, ast gRrefetably, melecylesdhataregifisalbphindan antigendpeort@IBsHHaRCEith other
proteins. Molecules that specifically bind an antigen can be identified, for example, by immunoassays,
L

BIAcore, or it hRiE e khBRRE Hsse BIEkIAS OtRERROTAE | R &EPRUrH hy in,
"immunospegifis: polypsRiiges” and "immunospecific polypeptide” refer to polypeptides, peptides,
and/or proteins that comprise at least one of a VH or a Vt. domain and_exhibit immunospecific binding

as determined by &y nfethottknofifdn tHPBifor abgd8&ng YitigeArHibodFheciitFtEsy. ,

BlAcore). ThegigsragyGietay ie; polyolonatanébedies, monoclonal antibodies, multispecific
antibodies, humanized antibodies, sﬁ\{nthetic antibodies, chimeric antibodies, polyclonal antibodies,

single-chain Fys ($8Ev), Binglichai Antibbunsdn and 5188 pictisnt- RIFRRtbotfEs (SRt e.g.,
anti-ld and W@@&L@Wﬂpp@@t@mﬁ@q@@&; of the invention), diabodies (see e.g., U.S. Patent
Application Publication Nos, 2007/0004909 WO 2008/136694PCT/PT2008/000018 and
200610210564, edbh of vhichiis hEReby iHCaBBratelf B fefer@fice ABHEM in RESntitsgHifibodies
(see, e.g., LBvPaignb S8 BV @ad ViINBaEmbADRlicatiors fublication No. 2007/0003556, each of

which is hereby incorporated by reference herein in its entirety), nanobodies (see, e.g., Revets et al.,

2005, Expert OpinBiol THer 5:11%-1240%888by inkeYBtratedy refdPihe indtientirSYSF antigen
binding fragwemie)aiparrefitheisbqekdncludingobutingy limites/tpeabPiragRIE0LS, IF(abSH@gMents,
disulfide-linked bispecific Fvs (sdFv), and intrabodies. The terms also include immunoglobulin
molecules RN §}\)élogically active fragments of immunoglobulin molecules, i.e., molecules that

contain an antigen¢ginding sig, andrmay kemkany paHe.g.1gG, IghidgM, @R, 19A«auehigY), class
(e.0., 19Gj, 1I9G2, 19G3, 1gAi, and IgA2) or subclass, The terms may also refer to bispecific or
muItispecifiﬁMB%gﬁ%mgi‘ﬁ @&WQ&%EK%H&W 9Ie]$§3 t Bast one of which is a
VH or a VL domainqidetermingky dasmmethedmef the ianantionaciar atipastonp@AGINONBIRMprises a
variable domain framework region determined by the methods of the invention. When referring to
immunospe s Bidhe invention, e.g., antibodies, (as broadly defined herein), the

assignment of amige@eidsint @@%Q@ﬁﬂ@iﬂ;&m agﬁgﬁ(i}@jgcae Wit saetipds well known in the art for the
characterization of antibody variable domains inclui!ing,%eé}gg variab %‘domains of human, murine and
I

rabbit variable don@ii& heniHd Bideam arheasti WIRLiR%s mature heavy and light chains
as isolated and idemyfigehbythernatbedsmoh Hepresentdnyeatinbaks designated by their position in
the alignment sequences presented in FIG. 3 for the VH domain_and in FIG 4 for the VL domain. For
example, the FR1 Harfiaifof & FREOMA G AT TEBRIERSHIIB P itientified by the methods of the
invention typically Wﬂ«ﬁ@glgmﬁp%ﬁ@aﬁg aminmacithiesiduess;each of which is designated by their
position in an alignment sequence gased on the longest amino gcid sequence for each domain (see,
e.g., FIG. 4). Accofaiifii<aapERidVRALL M JOMDR ThBYSSFMAY not comprise a residue at a particular
position of the aligpfnenihseqy emel dhig-alignoyenriapaepesitaching-IGS. 3-4 and specific domain
determiniations of the polypeptides of the invention were determiped according to methods known in
the art for charactditfg Ent sl SER EE AR & BRI RBglobulin molecules (e.g., aligned
according to Rabatjeti3lthSeguansdsahiirateingiphkbunpidiogi¢abinterest, 5th Ed. Public Health
Service, NH1, WO 2008(136694PCT/PT20081000018 MD (1991), expressly incorporated herein by
references). Thus, as presented in FIG. 3, in the alignment sequnce of theVH domain, the FRI consists
of positions 1-31, the CDR1 of positions 32-44, the ¥R2 of positions 45-58, the CDR2 of positions
59-69, the FR3 of postions 70-110, the CDR3 of positions 111-125, and the FR4 of positions 126- 136;

and as presented in FIG. 4, in the alignment sequence of the VL domain the FR1 consists of positions
1 t0 22 the CDR1 nf nocitinne 24 t0o 27 the ER?2 nof nncitinne 2Q2- 52 the CDR?2 nf nncitinne BR tn 5O



linker between the VII and VL domains which enables the scFv to form the desired structure for
antigen binding. For a review of sFy see Pluckthun in The Pharmacology of Monoclonal Antibodies,
vol. 113, Rosenburg and Moore eds. Springer-Verlag, New York, pp. 269-315 (1994). In specific
embodiments, scFvs include bi-specific scFvs and humanized scFvs. As used herein, the term "stable"
in the context of afoimthiadontEendersiy anhearakpspatficorpegtigessitne Fvention refers to a
formulation in whig}y {heRroteiRgsaini e S ERN BiRIAS{tE Physical and chemical stability and
integrity upon storage. Various analytical techniques for measuring protein stability are available in the
art and are reviewdkd in theplidERehdometsin OElR et weRition 71301, Vincent Lee Ed., Marcel Dekker,
Inc., New York, Ny RS LH99 1Ll Jonesa foflYs QRO Relivaty Bevint0320-86h{4:893) (each of
which is hereby incorporated by reference in its entirety). Stability can be measured at a selected
temperaturé/ fofansaieeetrtiva alamoentesr FipRt dcbhiigsRedifsinulation may be kept at 40 C. for 2
weeks to 1 fiongh,at Whieh time.stabilitviismenshisdaY\hersite ornyatipeiade hesigred at 2-8 C.,
generally the formulation should be stable at 30 C. or 40 C. for at least 1 month and/or stable at 2-8
C. for at leadt ¥ genps anfpRsie ind e diamen Y9 stored at 30 C., generally the formulation should
be stable for at leagh g¥8ary a3, GoRRHOSSIRRIB AL AD e IR Al 1eashe Mmenthe, For example, the
extent of aggregation following lyophilization and storage can be used as an indicator of protein
stability. Forexasgsreativepbieerida thatishomaydectne #hAshdrapsienisdabout 10% and preferably
less than ahgit Sve.abierRratalR IssHasenh as Rl-adgegatainde farnuladion, In other embodiments,

any increase in aggregate formation following lyophilization and storage of the lyophilized formulation
can be detelfinaEy? ‘FsofrEx%lé@aét'@‘%a@l@nfgb‘%ﬂﬁ’é@%ym@Ifaff@rﬁl?ﬁa%}lb@i 8 wherein the increase in
aggregate ip,thgiyqphilized formulation is less than about 5% and preferably less than about 3%,
when the lyophilized foimulation is stored at 2-8 C. for at least one year. In other embodiments,
stability of the pftteiaseish e s it s5Ursd o smBUaBIrsdi vardenvid the sayibadyi@ed herein,
the term "stghlgy s thesepnterirfan immunospecific polypeptide of the invention may refer to the
kinetic stability of a protein, or the resistance of a protein to unfolding. Kinetic stability can be best
explained biRiRuEHRHHIHe hareidiRgOpied asfasdion arhprerislsinsm v88& 6T BRMhENAWS protein
conformatiqgsyihepative falded JME 2008(1 3BEMRETRTI 30030R001E wiatedMevad the unfolded

state (U), which is normally separated by a higher energy transition state (TS). Since the height of the
TS barrier detanavset e sk roltpig dAedunfBRmRg AbmenEdmrempIE B teins Poeddedhsn

unusually highisneray Faaaicty rsultsl iextremely slow unfolding rates that virtually trap the protein
in its native state. Even though the overall change in Gibbs free energy (AG) mfi\;/ be favorable for
t

unfolding ukdER SRt hesRetudheoRdRTded v demighy Beriidh amBHE BE GehhdhssdtiariBenigh
activation epgrgy-ofidhe s &sigaifisandy slows the unfolding rate of kinetically stable proteins. Methods
to asses the stability of polypeptides are well known in the art and include, e.qg., single molecule force
spectroscopy, %Mﬂ%@ﬁﬁ Aresidst ranokmadeotidsHhseding Al nymeRidténing
("DLS"), anddgsistapse-to SDS denaturation (see, e.g., U.S. Patent Application publication
2006/0099647, hereby incorporated by reference in its entirety). Stability may also be assessed by the
characteristiBs*dPpbfsRr e eSS IS PTRSEE ABIFERTEEIIOSEN syetrs Py pabmnsdtidceadily
fold, and whighane-pesistant to unfolding, will be expressed as soluble protein in such systems, while
improperly or only partially folded proteins interact via their hydrophabic regions to form inclusion
bodies. ThelthirittsreshikvashertittisiySapeitehrdorseaitgarasypbe PoHe <Hidbirey of
recombinanggrptgigpaviaerein said protein is expressed as a fusion with CAT and the CAT activity of
the fusion is evaluated (see, infra). As used herein, the terms "subject" and "patient" are used
interchangeably. As used herein, a subject is preferably a mammal such as a non-primate (e.g., cows,
pigs, horses, cats, dogs, rats etc.) or a primate (e.g., monkey and human), most preferably a human.
As used herein, a "therapeutically effective amount” refers to that amount of the therapeutic agent of
the invention sufficient to treat or manage a disease or disorder. A therapeutically effective amount
may refer to the amount of therapeutic agent sufficient to delay or minimize the onset of disease. A
therapeutically effective amount may also refer to the amount of the therapeutic agent that provides a
therapeutic benefit in the treatment or management of a disease. Further, a therapeutically effective
amount with respect to a therapeutic agent of the invention means that amount of therapeutic agent
alone, or in combination with other therapies, that provides a therapeutic benefit in the treatment or
management of a disease, e.g., sufficient to enhance the therapeutic efficacy of an amount of
therapeutic agent of the invention sufficient to treat or manage a disease. 4. BRIEF DESCRIPTION OF
THE FIGURES FIG. | Schematic representation of primer position in the nucleotide sequence of the
heavy chain variable domain FIG. 2A-2B Schematic representation of primer position in the nucleotide
sequence of the light chain variable domain; (A) Ic &§ain; (B) A chain. FIG 3 Exemplary alignment of
amino acid sequences of heavy chain variable domains (VH domains) selected by the methods of the

invention. FIG. 4 Exemplary alignment of amino acid sequences of light chain variable domains (VL
Adomaine) celected hy methode nf the invventinn ElIC B Qehematie renreacentatinn nf eavnraccinn vector



The present invention also encompasses the use of immunospecific polypeptides or fragments thereof
comprising the amino acid sequence of any of the variable domains, CDRs, amino acid scaffold
sequences, or amino acid scaffold residues (e.g., in the heavy chain variable domain FR2 positions
46, 53, 54, 56 and 58, in the heavy chain domain CDR1 positions 44 and 59, in the heavy chain
variable dofrPrRpipsHenEXG airrie Mavedian DREHROE BRI ERS RRSSHOPRI ST RIS, and in
the light chajn, WiQ,£008(IACAREVEL 2R08/09001 8ivariablasrmain SRSioaiinmd) &f the
invention with mutations (e.g., one or more amino acid substitutions) in any of the above. In specific
example inRAEBRREAEE RMRARIEMBEHiNTEALCHTEprédentonRokmREPedRO ARdssed itimahdspecific

polypeptides GRRRNSINI LHE,LF MR RBNAR G sHRRUtUlonsHihers mIald Rubstatignsdgsult in one

or more of, at position 46 in the VH FR2 domain, a phenylalanine; at position 53 in the Vu FR2
domain, a gRitBhiY acidar pdsitiéprsanh #5601 Wldéﬁ%&n?‘% Hiuenek atgsaenio A 5 the VH
FR2 domaig, aglyginerat Resitinneindle Mhh iR femaindan:alanig: &t Ragiliamab incthe VH
CDR1 domain, a cysteine; at position 59 in the VH CDR1 domain, a cysteine; at_]g;iltlon 126 in the VH
FR4 domaifcgreyateifiechdisitioveBominhervid pritueniideEnsHepRsHianm e drayFe&HIfE; at position
45 in the VL ER2 domainy adysings thAh Rositian2h o thewhdnRa daaieeainysicingiieferably,
mutations in these regions, domains or residues maintain or enhance the avidity and/or affinity of the
irmnunospeeB JeRgsepidieTdrame sriigEPLIPBS apitsHeMRIRIcHTERIsMFRi A6 SPRIFBRRIIEDIN
Standard tephpiges kaown dasthesseskiedinthe shfe1d- (NMNEPasIRXS) Canie iseddaassay the

affinity of an immunospecific polypeptide, e.g., antibody, for a particular antigen. In other

em bodimeMﬂ%ﬁeggn@m@ﬁ%ﬁgﬁuﬁc@%%@%@%@w iR a&pEHiCpolhpelriiiicor
fragments tggﬁgggggmprising amino acid sequences of any of the variable domains, CDRs, amino acid
scaffold sequences, or comprising the amino acid scaffold residues (e.g., in the heavy chain variable
domain FR2 positions 46, 53, 54, 56 and 58, in the heavy chain domain CDR1 positions 44 and 59, in
the heavy chain variable domain FR4 position 126, in the light chain variable domain FR2 positions 39
and 45, and in the light chain variable domain FR3 position 91) identified herein. In certain
embodiments, the present invention encompasses immunospepific polypeptides having one or more
of, at position 46 in the Vu FR2 domain, a phenylalanine; at position 53 in the VH FR2 domain, a
glutamic acid; at position 54 in the VH FR2 domain, an arginine; at position 46 in the Vu FR2 domain,
a glycine; at position 58 in the VH FR2 domain, an alanine;,at position 44 in the VH CDR1 domain, a
cysteine; at position 59 in the Vy CDRI domain, a cysteine; at position 126 in the VH FR4 domain, a
cysteine; at position 39 in the VL FR2 domain, a phenylalanine or a tyrosine; at position 45 in the VL
FR2 domain, a lysine; or at position 91 of the VL FR3 domain, a cysteine. The scaffold residues
identified herein may maintain pr enhance the avidity WO 2008/136694PCT/PT2008/000018 and/or
affinity of the inununospecific polypeptide for the antigen, i.e. epitope, to which they
irmnunospecifically bind, in particular, for embodiments of the invention comprising single domain
binding proteins, i.e., a polypeptide comprising only a single Vj or VH domain and not comprising any
other immunoglobulin variable domain. Standard techniques known to those skilled in the art (e.g.,
immunoassays) can be used to assay the affinity of an inununospecific polypeptide, e.g., antibody, for
a particular antigen. The polypeptides used in the methods of the invention include derivatives that
are modified, i.e., by the covalent attachment of any type of molecule to the immunospecific
polypeptide of the present invention. For example, but not by way of limitation, derivatives include
immunospecific polypeptides that have been modified, e.g., by glycosylation, acetylation, pegylation,
phosphorylation, amidation, derivatization by known protecting/blocking groups, proteolytic cleavage,
linkage to a cellular ligand or other protein, etc. Any of numerous chemical modifications may be
carried out by known techniques, including, but not limited to, specific chemical cleavage, acetylation,
formylation, metabolic synthesis of tunicamycin, etc. Additionally, the derivative may contain one or
more non-classical ,amino acids. In certain embodiments, the immunospecific molecules of the
invention are modified to increase serum half-life in vivo. Methods well known in the art to increase
serum half-life include conjugation or fusion to antibody domains including, but not limited to, antibody
constant regions including Fe and/or hinge regions (see for example, U.S. Patent Nos. 5,565,335, and
6,277,375, each hereby incorporated by reference in its entirety, including all references cited therein),
and/or other known elements such as interferon and/or thymosin targeting peptides, and permeability
increasing proteins (see, e.g., U.S. Patent Nos. 6,319,691 and 5,643,570, respectively, each of which
is incorporated herein by reference in its entirety, including all references cited within each respective
patent). Where the immunospecific molecule of the invention comprises an IgG constant domain, such
modifications can also include introduction of one or more amino acid modifications (i.e., substitutions,
insertions or deletions) into said constant domain, oﬁ@preferably into an FcRn binding fragment thereof
(preferably a Fc or hinge-Fc domain fragment). See, e.g., International Publication No. WO 98/23289;

International Publication No. WO 97/34631; and U.S. Patent No. 6,277,375, WO
2720N02/1 RAROAPCT/PT2002/000012 aarch nf which ic incornnrated hearain hy refarance in ite antiratyy



protein therefor. Individual phage particles expressing the portions of the rabbit ,heavy or light chains,
and thus comprising the nucleotide sequence encoding said portions, that exhibit specificity for a
desired antigen can be isolated from the library using screening methods known in the art (see, e.g.,
Gherardi etaald/d990ndAbspuenal MathdRai6sl (68, herebydireprporatadddy tedarencedatalarn its
entirety). Selection may be accomplished by _anclhoring the antigen and/or epitope of interest to a solid
surface (e.gr?,?%%'l’t‘arfé’ JREC T B HRY Srafa RS TAfo STAPRS B8 Y ﬂfa’ﬂﬁ?eﬁf hé&%%,sé}%ﬁf%nd passing

the library @@]@@@@g{ﬁig@@m@ﬁé@@@,@mgeﬂ@ﬁﬁm gpiepResl hose individual phage that bind
are retained after washing and optionally detected by a%det ctionb?%/gﬁgynow in.the art (e.g.,
[

anti-fd antibbfy BAESHh & SIRTHR RSP TN &SER it Brits e # BFotdir fAPEES comprises
a target amipgtasidsaaietoe Lo docilitate geieetiambypantidasglt antikedystnzyhsedcanisgates. Bound

phage particles may be remgved under increasingly stringent wash conditions to select for increasing
Dincing MRSy AR e D008 SAEHBET I IBbe o0B0T SHGE S OFE R EORRN can be

Ihe wash, by adig deterdent o the viash solin etc,In sppclfc embodmenta. he sef ofbound
e wash, by adding detergeni to the wash solution, etc, In specific.embodiments, the set of.boun
phage parti%lé?fsvdogt%i%@% USRS q?ﬁ%BHB%E’e@iﬁSSBi?]%ﬁﬁﬁ@ﬂéﬁ’g@%‘?ﬁ%@ﬁrgﬁ%/or
Epgoﬂf one(m(tmaf@fimlaspﬁﬁ%%g@ﬁfgtmhgy)s@ef@grﬁﬁﬁ@?skéﬁ_%nermfn@d bgg‘]@as@cag_,aftlea eitheth Ibefore
and after selection of polypeptides. of the inventiol ability analysis. Phage.disp hnology can
be usedt to IETERBARAEARAG ot LR GRS DB REROE o e GRS o1 Aot arigen
and/or epitop@. EBRdgaRNBIAMH 1efantedio aschffiniymnatisatiossismploysmuiagenesiscoy ICDR
walking and re-selection using target antigen and/or an epitape thereof ta identify amino aci
Sequences BITen o (T S G er AR (RO PSP W e iniial
pool of szlegig&u&ﬁcglﬁmﬂﬁ_ M}f@@g@@@bﬁi@jﬁﬁ?&m@f@ra&mﬁb@%:Eii)giepmgst f@gtkﬂﬁaqﬁﬁmlts ifn a' |
semi-random reperiqire of amino gci ions. Libraries can be constructed.consisting of a poo
of variant C|8%7Qi§éa£ Céﬁ?%iﬁﬂca Hﬁloérg)iJh g%%%é%&&#‘g’ gﬂg}%ﬁ&}ﬂ%??n‘%“ Tyie P51 &2 which
cqrrl]tain Vari@%’t%i_fﬁgp@@ﬂﬁ_i@@tl?ﬁ@lﬁhnoﬁﬁib&eaﬂﬁg%aﬂﬁh' ’awhstcijhﬁi@ncfﬁmaﬁqkh_ &ﬁﬁah _1rmii«td;t_;lrgac®élutants
with increased hinding_affinity for the antigen can be screene ntacting the immpbilized mutants
with Iabelezjﬁn‘ﬂfj[ . né[‘é r?émﬁﬁ“r‘?fét?% ‘%%%WH]% e it gﬁs gg u%ee%?gﬁ%lseﬁﬂ?ﬁ a%ﬁf antibodies
with increasedbavidity te the ahtigengef@mEHSALIGes] Vuceiral,, 1298 cProepathgAsaphspei. USA
95:6037; Yelton et_al.,1 995, .Immunolo%}(r’s 1994, each qf which.is herepy inc rpor ted by
reference nETGT TS Ao MBS AL A TS BB i S GT d nay be
Fvalu gted bp sy m@hb@@bﬁlrtﬁwneiﬂibﬂde eilmf@i: deteduinings bihali rigrmiﬁdsgteca“@ghmg hineluding, but not
imited to ELISA, western blot, surface plasmon resonancge (e.g., BIAcore) and radioimmunoassay.
Any method BB T8 S50 Ui (iRaiRG BOIEy Ep ALy WA e P entiy
polypept:]deﬁylafx_&@ﬁ‘g@muo' Epﬁhqir?@xhibﬂ@tiﬁﬂ ehyrehien nisamgéﬁ@s./lenwibutbmegmajh a;péets;agS nM, not
greater than 10 nM, not greater than 15 nM, nat.greater than 20 nM, not, greater than. , not
Groator tharSC VT ot BEGA HHAR SR Mot Brotcr RN A0 T Mo G AtEr AR AE TR or nor
greater tharnisS@piMteinosertaimerabnaimentselinedsatdtedin/thor Mk ploapamsiofthetipventian exhibit a

Kd of no greater thaQ 5 nM, né? ?reater.t an _1.% nl\% no %eater tggfqn;LS n%lf nge%reaagcar té}aan e20 nM, no
greater thal™2% HR)E, neorﬁl?ggﬁee ﬁ%‘ﬁe%anﬁl, no%Pea?t%er B35 AM,] nagygrealfer Rl 40PV no greater
than 45 nM wattnthgigatent idrbouid/has deteibnired byBifcordi assaprephediaseny imetinitbn also

provides for immunospecific pol tides of the invention, or fra ts th , that have a high
binding affirﬁf?%lﬁ?ﬁj'%ﬁ@gﬁ%%pngg?&?IPn tgesﬁrepbi%:; glﬁ%%séo wr?égr%}ﬁ aBr‘I ﬂ?uﬁnsﬁés%%%ﬁ%cﬁ%l%eptide of
the presentbaventionsofifshgmenttherdof hald anassoaiatianate:cpastaniedr bgonmatentainttbody
(Ab)+antigen #Ag?’ gb-Ag%of at Il%?st 105 t-l s-1, at Ieaslt 5x105, M- s‘% at Ie§ A}06 I\E/liégcse-l’ at least
5x106 M-1 éi var'f a%?te 7 Mi-1 spf%tlféas? 5% ’O‘ip'ﬁrfl’-lcsqﬁl,ngr aeleagt 8 S41's 178 s preferred
embodimengpandimymitin 08 pesific; pdbypapticeoodthexpresent vactmtidrrtocdnagpisentitherdaftiias a kon of
at least 2x105 M-1s-1, a Jeaﬁiﬂlo M-15-1, at least 11106‘(1'1\/'1';]&&\'55':??%'c5n)1(196te':\1/|:{]éxs'rlés§‘1%lz?a5t 107M
M-1 s-1, at [E4SEBXA67° - T51 o |%£§?"f8ée’iv?ﬁq£ A another embodimén , an immunospecific
polypeptide fihegasentGivEntiobaoteiiagmentfibsére gitoasa vodif radel(aitilpediiddsbyeattigen (Ag)
Ab-Ag) of less tt}an ]f']@Slé Ieﬁs thanthlé)-ilr&S-i hh%% }EQS‘ 010-2Xs-%gsli%ssa§haa 5)(()1110}2 1%3%, less than
10-3 s'i, les§' AN BR1Y-3'54, TesS HEN 104 $°1, 7685 thah X104 %’, 68 than 10 s-f,cfess than
5x10-5 less than 10-6 5-1, less than 5x1 0-6 S-I, less than 10-7s-1, less than 5xle s4, less than 104
less than 5x10-8 s-1, less than 10-9 s-1, less than 5x10-9 s-1, or less than 10-10 s-1. In a preferred
embodiment, an immunospecific polypeptide of the present invention or fragment thereof has a Icoff of
less than 5x10-4 s-1, less than 10-5 s-1, less than 5x10-5 less than 10-6 s-1, less than 5x10-6 s-1,
less than 107 s-1, less than 5x10-7 s-1, less than 104 less than 5x10-8s-1, less than 10-95-1, less
than 5x109 s, or less. than 10-105-1. In still other erfibodiments, an immunospecific polypeptide of the
present invention or fragment thereof has an affinity constant or Ka (Icon /40 of at least 102 M-1, at

least 5x102 M-1, at least 103 M-1, at least 5x103 M-1, at least 104 M-1, at least 5x104 M-1, at least
1085 NM-1 Aat leact BYvy10NE M-1 at laact 10ANM-1 Aat leact Ev10A M-1 at leact 107 NM-1 at leact BEv107



5.2Humanized Molecules In preferred embodiments, the irrununospecific polypeptides of the invention
and/or fragments thereof are humanized. A humanized molecule of the present invention is a
polypeptide comprising at least one immunoglobulin variable domain (or a variant or fragment thereof)
that is capapleof iomnespesifically 9iﬁﬁiﬂﬁd%@tﬁﬁd@é@éﬁﬂaﬁfh@ymﬁemtﬁa@ SQIISEB
framework region having substantially the amjno acid sequence of a human immunoglobulin and a

CDR having' 26h SHMESTRAHE RastrTirhcid Sogtasbe 8t aHMbiommHarBuRistIfe JoREE Shior
identified byibemetandssescibechheraiidAsbyheanized dogindaspackictpialy peptideint thg invention

may comprise substantially all of at least one, or, in certain embodiments, two, variable domains in

which all orBubstaftRmpall %ﬂh@%ﬁﬁ%g%@%%@éﬂ?ﬁ%ﬁﬁ Fe el I HRain
isolated/idepdifigchineg Bxpieeds af the Riesestinyention . aodenacsanairmegionsandmall or

substantially all of the framework regions are those of a human immunoglobulin consensus _sequence.

In certain eFRRITEHE; BARHRSANM U THORER ESPIRRAT G Mc oS SUORHLE LRI $%brtion of an

immunoglolulisrsanstenidiedionn Babctvricaliyiihasefriaiiy masimounaglioRulin The sansiant
domains of the humanized molecules of the invention ma;;y be selected with resgect to the proposed

function of fieshmhamnYspblamt SAypabitécasty - Santbatiyentigatiedtarthenstf dfib¥ which

may be requiregdMn samegnabadimantssthescanstantdenming of the hwmanized malegules of the
invention are_ human IgA, 1gB, Igﬁ or IgM domains. In ajgecific embodiment, humap IgG_constant

domains, e&p¥cialy fthe tJc ¥nddlgt8sisdpEdvarétissastwie hOimahi¥&itndle@Ms of the

invention argiptengeas-iesthesapeutic usesqansantinadeiievioriungtiops aie dgsited daRlternative
embodiments, IgG2 and IgG4 isotypes are used when the humanized moleﬁcgjlljgléal of the jnyvention is

intended for tRGRaGEtRIc ETHREE BRGANBEDS df it fiiBH ot TEGUISEORS, Msther

embodimenigedigrivnunespesific prlypaRiidasthbihRiswantiomheompEsel iy eawiciain, only a
light chain, only a Vu domain, only a VL. domaijn, or any combination of the ag?ove fragments and/or

domains. InPStREMEIBE dm&Rty HORARUARDRE SRE BOR/pEBIHIEIRE RSP, BPRETIAVE o may
Lurther ck?mpf&ﬁ@h@saeim%e(gg ,Oﬁ@c&fﬁimﬁ U’fep%ﬂ:%n hifﬂf@@n§fdﬁ}p@ﬂdt?m@mm6ﬁﬂ ?er?im of the
eavy chain, In other embodiments, the immunospecific polypeptide, or fragment, of the invention
does not coﬁ?ﬁrfg@@%?_f(fif}m@iﬁ.@ﬁéiﬁbné‘ﬁﬁﬁ@@fﬁfrﬁé’@ﬁé‘gﬁge% \? %-’nfiod’??ﬂ%g iflBtion may
comprise a JecepigkantikogdnsaiastediperaarystlasscafimpunagiabulinsaaciudingikiM, lgG, 19D, IgA

and IgE, and any jsot geo inclu in%I Gl, é%gaz, IgG3 and Lgé)4. In some embodiments, the constant
dorhain is. AcednfhRwhaft fixitlg “ShabaHt YonvaiffARRTET is-o¥s#saithat the humanized molecule, e.g.,

antibody, exhibitgdietaxic Rutiviitoapsl hepalass dsypically 10Gh: IV othengimbagimants, avhiere such
cytotoxic activity is not desjrable, the constant domain may pe of the [gG2 class, The humanized
molecule offHEAGERIOFEHIRF RSP %%‘&f’é’ﬁ%‘é%‘f%’rﬂ%ﬁgﬂg fﬁ%?s“o%’tﬂ%%?‘r‘%@@p%% d selecting
particular coasipapiumainmiormeptesizedssitdeiiasiosdunatigessis withipitbpeordinaey Skilisin the art.
The framework and CDR regions qf a humanjzed molecule of the invention need not correspond
orocisely toFE BHRSHED SBESLEISEL b BT GO aBblE B BF e TGSl S ATk may be
mutagenizegk@yisupstitaiansinsadion ar detetioneohatirash epcretidtecsadhatthasspiae framework
residue at tha‘tféte dé)es not corres%%][d to either tl}%&gnsegsus or;%% do %; molecule. Such
mutations, ROWEGRY Sre Sreflt A 106y e Retilioen 1§, BP R 7858 e hiThEHISEY PEsidues will
correspond dpithiasemeiiuthe Parerdaldr dimesdtl BIJIOA, (FRYanhoh Rushugheesomerereitea 90%, and
most preferably greater than 95%, Humanized molecules, in particular, antibodies, can be WO
00811 5600AB DTS5 BB A R el UAHERy BT G kP Mot I5ee578 Mclucing but
not limited tein@RR 1@yBftgi (e uieeaantl aienty asEP 13 38:400 ptbypatianial Fubkcaiicloda: WO
91/09967; and U.S, Pat. Nos, 5,225,539, 0,101, and 5,585,089), vepeering or resurfacing
(Eropean PHGRNILE £ 858 08 Ao 6 g AR RO G e FRT )
28(4/5):489r498n Stuchaiekehet ab, ANO4oPratait hagideanions(exa&0a 8k 2haNRagusiaastral., 1994,
Proc Natl Mad Sc¢i USA 91:969-973), chain shuffling (U.S. Pat. No, 5,565,332), and techpiques
cistlosod r T8 O RE. B A S ) b T BIABADASLHRRAARA BLbT o No. WO
9317105, Tasoteiredtc2€d, $0lavhunolkcttidiBodhienidabeisal at2000; Hrdteitviag 18 3n3-60,
Morea et al.,.2Q00, Methqds 20:26/7-79, Baca et al., 1997, J. Bjol. Chem. 272:10678-84, Roguska et
Al 905, PTG S o eBE B g Vet BRI 128 Dn S i) B64E B, Couto et
al., 1995, Cancer Res. 55:1717-22, Sandhu, 1994, Gene 150:409-10, Pedersen et al., 1994, J. Mol.
Biol. 235:959-73, Jones et al., 1986, Nature 321:522-525, Riechmann et al., 1988, Nature 332:323,
and Presta, 1992, Curr. Op. Struct. Biol. 2:593-596. Often, framework residues in the framework
regions will be substituted with the corresponding residue from the CDR or the donor rabbit variable
domain to alter, preferably improve, antigen binding (i.e., substitution the scaffold amino 'acid
sequences and/or residues identified by the method5 of the present invention). These framework
substitutions are identified by methods well known in the art, e.g., by modeling of the interactions of

the CDR and framework residues to identify framework residues important for antigen binding and
canlieance combnarienn tn identifyvy rinticiial framewonrk reacidiiece at narticiilar nocitinne (SRee A Oiliean



cobalt (37Co), fluorine (18F), gadolinium (1530d, 1590d), gallium (68Ga, 67Ga), germanium (680e),
holmium (tos, , To. n) indium (1151n, 1131n, 112In, 11'In), iodine (1311, 1251, 1231, 1211),
lanthanium (140La), lutetium (177Lu), manganese (54Mn), molybdenum (98Mo), palladium (13Pd),

phosphorous (3dP) o RrRsRdNERIS N4 2Br - fieMB I oM {{A M eatthenidBI(:86Re-Rakrrhodium
(15Rh), ruthemium (97Ru), samarium (153Sm), scandium (47Sc), selenium ("Se), strontium (85Sr),

sulfur (35S)PeachhBllmoEsassT thamitide oeEsate t8n L aYS A, RAETRIEs I X eHIN #83Xe),

ytterbium (Jfﬁgemir;eaaj\gm,mt&jmi%@)(), zinc (65Zn); positron emitting metals using various positron
emission tomographies, and nonradioactive paramagnetic metal ions. Additionally, any of the above

tracer radio THetAKCIFRNAE K AATH TRETRFAGHE BR BEIHBALMHIG atétl 10F any imTREHLL &R BSlypeptide

in accordanggAith thermathessebihednyariiondAn imaunespeciic oty peptidafithatnuention may
be conjugated. to a therapeutic moiety such as a cytotoxin (e.g., a cytostatic or cytoci(gﬁl ent), a

therapeuticBG&RE or PRI HISRRBHE @, StFHA e iU FC YR SRUNMIRR (€ St otoxins or
cytotoxic agaptine/uomany,Aeent thikisdetimentalitacells akxanepies ehvde ipaslitaxobr
cytochalasin B, gramicidin D, ethidium bramide, emetine, mjtomycin, etoposide, tenoposide,
vincristine, 95§ E?’i?b‘i‘chiE?n?‘?i?fB&%rB’E‘iI&‘ﬂ@}‘H%omﬁﬂé’ﬁﬁt}‘éﬁhﬁﬁﬂl&v%mgﬁ%igr‘i’e?rm}{%xantrone,
mithramylci Itaoﬁfgiﬂpm«}irb@ oﬂ)tgi%@&?ﬂi@iﬁsﬁﬁr?@f@fl@, @ﬁﬁ@egfﬁeﬂi&smmﬁaém E%HE\E,B}E&(?, i'sgocaine,
propranolol, and puromycin and analogs or homolggs thereof. Therapeutic_agents include, but are not
limited to, al?fﬁﬁ‘?&%oﬂ?g@‘(é‘?g?%&BWaﬁ%WS?rﬁlé%Eé‘stlﬁﬁ??ﬁe‘f%{ﬁh?o%u ﬁ%?scy@r%“ﬁ%@
5-flr?1r0|ura®1h®6@ﬁmﬁ¥§?ege aﬁ;&ﬁaet(ijﬂlgsag%&ﬁﬁ%@aﬁgm@@miam(?mfm%ﬁmgd@h%mmmm
melphalan, carmustine (BSNU) and lomustine (CCNU), cyclothOsphamide, busulfan, _
dibromomafff3istEp8s SRGERYmib ATET FEbedime El’i&ﬁ‘?&?%’l’éﬁ?ﬁ‘é%%ﬁﬁ%Wﬁlﬁcﬁﬁdgisplatin),
gnthracycli@@%@}@as %am@mm&;@admﬁagm@a%fsaﬁum@h@l@sombj@trazmta?mme@sa

actinomycin (formerly actinomycin), bleomycin, mithramycin, and_anthramycj MQC)), an
anti-mitotic %e?ﬂ!%béé.é.%SVﬁ] SSteSHid ’\’/ﬁ’ﬁniﬁ%ﬁﬁ eﬁ?q}’leggﬁsaiﬁn@ﬂab%iggé nts, %e%%?ﬂ%%ecific
polypeptidejghiheimvamnien eanbemrelfivgatacthitea iheranauiiccmoietl sHoh astsiBiMniseafel for the
treatment or prevention of diseases that are caused by over-expression or misexpression of genes
and diseaseXBOIHSIBO I TRIER L Bf’gﬁﬂé?’fhat contain mutations. The mechanisms of
SIRNA activitijeangdtsnodg @i sisearavied knavotipataesarinseen &geiliovestt pepid 2002.¢gEMBO J.,
21: 5864-5874; Tabara et al,, 20932,§e|l 09:861-71; Ke?ing etal., 200%, ell 110:563; and Hutvagner
& Zamora, 388 Bele AL D85BIEBIMEC A BN T Frfe 5 IRBPIS AR 1y PErererSSEREREin in its
entirety. Mokppaed, addanhedaspesiisolypaptidaoiteeiniedionivan beeanjudatedtontherapeutic
moieties such as a radioactive materials or macrocyclic chelators useful foy conjugating radiometal
ions (see abBRTNEREm s HS aﬁ%%ti\?g‘f%%ﬂé%g?é).mlwgﬁl?% BoditiERTE & madtSeyclic
chelator is LiBcictetanpacyuciadadecanarit, N MieNim ieir asidedieraaiddDd® Tnwiighobalinke attached
to the antibody via a linker molecg‘g. Sucgt?lié%ker mole%alles are commonly known@ig the art and
described if DEN&IHoE1S 8 J8O RS PREY 9285396 Padrson BPElS 1989 Bioctnjug.
Chem, 10:5&3%achZiosdaennan @t aly,; 999, MachiMed:. Biol 426194380 eanhincdrporaidadhy

reference in their entireties. The immunospecific polypeptide of the invention_may b jugated to a
therapeutic %o%lé‘?yﬁ"fi’;{lﬁc%é %F;ﬂgr g’r’ &ﬁ]f‘&t/ B%igl‘ggi‘ggl Pégf%ﬁ%ge, ’Bu(lgiﬁgtégﬁ %nrit?o?r(?s @targeting
and/or transpgstafvkie)insnunsspesificapotgpepticioor ifegimzihtitteé diyNbalimétingiexafngples of such
moieties include protein A, G proteins,.albumin, albumin interacting peptides (e.q., 0, gp30, gpl 8;
see, e.g., SEMNIEEF %t Z"I‘ ,C_e@@%‘, g’éﬁ%‘?ﬁ‘?&% éﬁ’éﬁ%ﬁs@%c gﬁ%’%?ﬁé ﬁstéfn%&?cp %ﬂs Omains
(see, e.g., Begayenichel alnb6@eH)NAGeH ik 1218784834 hieash aiithatibieliencemditgit above

hereby incorpdrated by reference herein in its entirety),.Such maietjes also jnclyde.moties that improve
or increase & ?éierlﬁ?n HATRFRS SPiee %"éif?%ﬁfc%%@%‘g6%7&&%%?1%1‘& Lfﬁv%r?til{asr? ot firﬁ%{ﬁng
examples ofrapielitibsiakineiease epimpmddhasesdiashaikliféi o pofypeptide srideludemibumin and

fibronenctin, or active. fragments thereof, as well .as albumin and/or fibronectine bindi roteins, e.g.,
albumin ané?gtmﬁgﬁ(?ﬁée@ti Niatsl Oéilﬁﬁtfb%oﬁggg%?l%%ﬁgngé?rl?glﬁasfrglgl%eﬁgéeﬁﬁer}aé%nb@%%ge%., Holt et
al., 2008, PeaterarEbhiieg SebAkRs8P8By\Wicither imle, 2008 diyomiy HoeinogbtdXG5Bab67; Yazaki

et al., 2008, Nucl Med Bio). 35:151-158; H etal,,.2007, 3 Pept Sci 12:588- 595; and Stork et al.,
2007, Prote aﬁ‘ﬁﬁ“ﬁ:@%@? ERETE 1S g@ﬁ% I\lltl\fﬁﬁ:hlisg%céli l;;/avflgn Sg?ﬁfg]rgfédl%tyfagrbe@eghc% in its

entirety). Techniques for conjugating such therapeutic moieties to polypeptides are well known; see,
e.g., Amon et al., "Monoclonal Antibodies For Immunotargeting Of Drugs In Cancer Therapy", in
Monoclonal Antibodies And Cancer Therapy, Reisfeld et al. (eds.), 1985, pp. 243-56, Alan R. Liss,
Inc.); Bellstrom et al., "Antibodies For Drug Delivery", in Controlled Drug Delivery (2nd Ed.), Robinson
et al. (eds.), 1987, pp. 623-.53, Marcel Dekker, Inc.); Thorpe, "Antibody Carriers Of Cytotoxic Agents
In Cancer Therapy: A Review", in Monoclonal Antib8dies '84: Biological And Clinical Applications,
Pinchera et al. (eds.), 1985, pp. 475-506); "Analysis, Results, And Future Prospective Of The

Therapeutic Use Of Radiolabeled Antibody In Cancer Therapy", in Monoclonal Antibodies For Cancer
Deatactionn-And Theranvy Raldwin et al fade )l 102K nn 2RN2_-1A Acrademiec Prace: and Thorne at al



WO 2008/136694PCT/PT2008/000018 time at 65-680 C. and re-exposed to film. Other conditions of
low stringency which may be used are well known in the art (e.g., as employed for cross-species
hybridizations). By way of example and not limitation, procedures using conditions of high stringency
are as follows R eRyRyigizationeffillainsquiamind RPHa casriat duldonddaie puparightat 65 C. in
buffer. composed of 6 X SSC, 50 mM Tris-HC1 (pH 7.5), 1 mM EDTA, 0.02% P\/P, 0.02% Ficoll,
0.02% BSAMERRSSH Gg/Ri é?éﬁ%ﬁb‘ilé%’%%’(ﬁiﬁo‘ﬁ%%‘é%lﬁﬁ SUACFIAO TS MATARARIMB Hat 65 C. in
prehybridizatigRoaixteie ictainngd QR g kilenatirashpalmnon sper® HiNdoanshsetiX 406 cpm of
32P-labeled probe. Washing of filters is done at 37. C. for 1 h in a solution contaijning 2 X SSC, 0.01%
PVP, 0.010BRidiH oD 96 B R RIS ANCINET By SRVAER S 1 PeSReRISE CfBT™EH min before

autoradiographynQthelsenditions obhighsiinapacyrwhistesayReivsegdaie well knewntirothe art.
Selection of appropriate conditions for such stringencies js well known in the art (see e.g., Sambrook

et al., 1089 INIGIERLIAH EIBRHING ACE BBl TREHIBSES B POBIAPEARRY S HEF PIBE By Press,

Cold Spring:siaphies, N SREAIseeRIUSYRBhati Rl oedSinstruiidesCedie W, PIotesalsiRdalesidar Biology
series of laboratory technigue manuals, .COPYRGT. 1987-1997, Current Protocol's, .COPYRGT.

1994-1997 SEhrittiesrandi SORN Ve h il Bin s SBRCUSHIES rimobiS afof BEFitteic acids

and hybridizatioganalysisihdn EssrmirbMotasulanBiologsiAcRiasieatideptrach, Meticdule A. Brown,
ed., pp. 111-156, IRL Press at Oxford University Press,. Oxford, UK) (each of which is hereby
incorporateﬂ‘)BipFEFéPé‘ﬁc%LhQFe(?ﬁ‘?nVitédéﬁﬁ%’M?l%ﬁé‘%WElé&fE%% H?QPB@ S Ak the

nucleotide sgoueRat obthe padyisialeatitles detevptipeds byiaby HEhRE iewngRIbe i,
polynucleotide encoding an immun élpeg_ifi polypeptide of the inventi,%g may be generated from
Gy

nucleic acidhrBFHASEREBAEREMLE SCIISNTR AbISFSH GBRHBENHORT L fiierii Hobe Breferably
poly A+ RN4Y, iselatgecifimmanrytissee ik ceil expecssinghthdelpbifl Bntibedies, dibpaiticular, rabbit
variable domains, such as plasma cells) by hybri(iggtion with, imn%%ggélabulin ﬁﬁegﬂf robes and/or
PCR amplifttBfioARIAG St E S EIS Fsh At FABIERS AT ECR PSR 4B &) Hifabi@Homain
sequence anlMisHREING Melegudd FigekirRetitei prabeospesific.foy thelpastithiaigene sequence to
identify, e.g., a cDNA clone from a cDNA library that en odes,%/%g grgiboc}i‘%/.lAm lified nucleic acids
generated Hj) SERNED AGPERIISHE EIRRsE P S RIS SR e G S n SHBE &I known in
the art. Onagibe pucleatas skeuencd aldhevinpnunaspecifisrmalypenptideeplctibddivenitontis
determined, it may be manipulated. using methods well known in the art for the manipulatign of
nucleotide é’éﬁ’&‘é‘ﬁ@@@?&@?%@&ﬁ%ﬁﬁ%ﬂ% @ﬁﬁ%&@ﬁ?ﬁ&u@s@é&?ﬁi‘?&qw rﬁﬁ%gbeé‘ﬁse&é%eﬁaééo etc. (see,
for examplesdheotaghpicursod escriethi0Samphisiak CHakohR90, Maleeuiar Cloniag Anl ablratory
Manual, 2d Ed., Cold Spring Harbor,Laboratotry, m%)rin%H or, N.Y. a usubel l., eds.,
1998, Curr o%l&n"ﬁfo%’éﬂ%%i%g?, Jo &880 NPt Rr8BORH N tborated by
reference heegiaii) thalr @ntirgiies), dnlDemeraiaindiecutesibé iheriovesiteifbadngeepifiesesrtt amino
acid sequence, for example to. creaﬁ?ﬁmin acid subatituti ns, deletions, ?dﬁg\?@ertion Ina
specific emBUHREINEBheCD PRASRS SFE B BBRRB R TSR & Methd fehtion are
inserted withidagierolpgddamiramewaitniegions (diRgitewine sedodebinantdpAdechiviguas The
framework regions néaéb.e naturally occ.urrirgj% or gﬁo;rsensus‘framewarl%‘r% io(r#g, and Prleferably human
framework FEGISAY (B OT CHORIAE Y. THYES JT NI BiST D F A8 47 o 1o SRS ofhuman
framework iegignsinthieienbty, the polynuclpetide genepapeddy fhécahsbinatiornvef thgrdramework
regions , and CDRs encodes an immunagspgecific polypeptide,.e.g., antib hat specificglly binds to
the antigen Rt SPRBBESS fiTtEhedP B 8rh ,egslyg}s ?}gggaesﬁt&a#o"’z&yoﬁf r%%l“eﬁgm no acid
substitutionggnambermaatid withiaithefrasngwerk reQiondomath, prefdrablyothemprine asidsubstitutions
improve bine' gfj({)ff the aﬁti odies of th§ ' \Efntion to said antigen and/or epitope. In another

, il

embodimen Biethitiuh (4% Fifvinunoglobulin variable domains or any other
rabbit librariks ayailaieodhadrtts, abs hemscreepadihy sibpdariddech rigudsckewmn dontipeisst, to clone

the nucleic acids encoding the i ospecific polypent of the inyentj .5.2 Recombinant
Expression %‘i‘%ﬁﬂﬂ‘é%ﬁf&%b%@ggpﬁg‘é‘é%f é)]cé}ll’n(\?g%#gra Btk 3?&%@1{8?0%0?3&%&%&%00&@
an moleculecpiRhe dovesitiprahas bePRabtadnedn fhendéaatos for thE€ PRI udsinninf thénimmentainspecific
polypeptide ' be produced by recomhinant DNA. technplo sing techniques well knqwn in the art.
Methods wrﬁgﬁgg}@\ﬂéﬁr éweo\f\fﬂ“ént%sé’gg kiffed' iy ?ﬁéea? ca%‘%geclft?ssé%t%ogl Astruct %E(B?eas%\}i\%n vectors
containing thi®gadingrs@gaences of the polypeptides of the invention and appropriate transcriptional
and translational control signals. These methods include, for example, in vitro recombinant DNA
techniques, synthetic techniques, and in vivo genetic recombination. (See, for example, the techniques
described in Sambrook et al., 1990, Molecular Cloning, A Laboratory Manual, 2d Ed., Cold Spring
Harbor Laboratory, Cold Spring Harbor, N.Y. and Ausubel et al. eds., 1998, Current Protocols in
-Molecular Biology, John Wiley & Sons, NY). An exfression vector comprising the nucleotide
sequence of an inununospecific polypeptide of the invention can be transferred to a host cell by

conventional techniques (e.g., electroporation, liposomal transfection, and calcium phosphate
nracinitationn) and the trancfectad calle are than ciriltiired by convientional techniadriece to nrodiice the



WO 2008/136694PCT/PT2008/000018 resistance to hygromycin (Santerre et al., 1984, Gene 30:147)
(each of the above references hereby incorporated in their entireties). The expression levels of an
immunospecific polypeptide of the invention can be increased by vector amplification (for a review, see
Bebbingtongna-Hentsehedial he vgebreciyahasediqn@pre amplifieation fartirrerprassion of
cloned genes in mammalian cells in DNA cloning, Vol. 3. (Academic Press, New York, 1987)). When a
marker in tREY&E DY syt €3Btsing an immunospecific polypeptide is amplifiable, increase in the

level of inhibiteeRrasentpdeiidre ehdostsalbsibdiuerseigainsmbeaiotinepissefdhemasker gene.
Since the amplified region is associated with the nucleotide sequence of the immunospecific

polypeptide®8FtAE dnVeritioh. | Fetatton i tHB miciAGs peeifiC Bolyloditite Wil &b ifere&8e (Crouse
et al., 1983\MeipReliBiain36257) (G9rh ebihabayadeferanceshrieisaaiporakedom heir

entireties). The hoSt cell may be co-transfected with two expression vectors of th% invention, the first

vector encolilfgea ety BRarP AR BAY6IYFeh iR Al PE L CSABNRSC RS TS dBaAGS REM%hain

derived polypempige. Tha e VestosIrayisantainidenticahsaiceieblermakensmitieh spahle equal
expression of heavy and Iight chain polypeptides. Alternatively, a single vector may be used which

encodes bditFHedsy A ReIREITHRS SO SEprELS. ih SRR e 56t EHAHT SRS be placed

before the heayeshaindORy Al Apsarcesmpfitexis rgedimRyiehain (Browdaokol 8mpNature 322:52;
Kohler, 1980, Proc. Natl. Acad. Sci. USA 77:2197), The codi%%_gsequence%;%%;gaheavy and light

chains may ComBice BNAbRAGEHIME DRI EhE Y RiUHEEARRific o BEtHE hvention
has been regpmbRadthnhexdassadpiisnay Vg ODHERdRLaN B adathknewihisthe wrtdoyrourification

of an immunospecific_polypeptide, for example, by chromatography (e.g., ion exchange, affinity,
particularly BY2itihiy Yor &%@%@&%ﬁ?&éﬁﬂs&,%&é@%f%ﬁiw&ﬁ%?{% aphy),

centrifugatigongiffie niinh seidbiity ;arby payeihe hstangdarebteshnieise fovihenriiiieaian, of proteins.
5.6Prophylactic and Therapeutic Methods Immunaspecific polypeptides of t resent invention that
function as &'plopRyIdeiaihg Xr%ﬁ%?%e‘%ﬂeaé&e%t@a@%g ’Bi@élagéf‘d%o &%3039%&85 can be

administereghigrranimal(wrRie rbivia, vanina nendomesipreterablyrd hlsmath, © eatDREvent or
ameliorate one or moye %oms associatgjgavéi h the disease, di(sogjrﬁ%r or infection. WO
20081136684 HBT2068 00604 Tt nSSpREfEBERmELtides o thé IRTERGA CF BESiministered
in combinatior WD RPE@hMQreud el pienitasie and/or ik fapauiic aganiC ugeiuldmiie, treatment,
prevenpon or management of a disease, disorder, or infecti &R{g gertaln embodiments, ope or more
immunospetific SRS S the SrvBriOrRARafhfiniste FaHmE, SrerEasiy a Human,
concurrently with doe:emnanedothenshesaneisicaavgrtpiselidaiihe Wpathrat dfragliseasg. The term
"concurrently” is not limited administration of ctic or therapeutic agents at exactly the
same time, %(Bhéf%&?"i‘ﬂ‘i’s%@%ﬁ%&ﬁﬁ%ﬂh%ﬁe@ﬁ%@%@é@ s of the invention and the other agent
are administereghion Subjdehih g sequeneRanRgavithinallipegtidte ofadigudhdhatthectmipusespecific
polypeptides of the inyentipn ct together wi ther.agent t vide an incre enefit than
if they were@&nﬁ%?s%%@d%hém.&ﬁw&:}%Ié’t,bég%g%%ab?fyl Hti@%e&%ﬂ%ﬁﬁy&gﬁ%ﬁy be
administeregbatdine, SANTEDIRNIOM e Wwe NMialhpiRadynoige bat difernicpoipisdndimehbo@®Rer, if not
administered at the same time hould be administered sufficjently close, in time so.as, to provide
the desired gﬂgﬁﬁe‘d YSWﬁ%ngﬁét%gﬁg&ﬁé‘é%ﬁ%%&tﬁﬁﬂ &ht e&ﬁ%%%ac}frﬁ%g%g%%dgeparately,
in any appropriaieiaiovaadvieany saitaliRrdoieails vaviobseabbdihantsothécprididybgatie or

therapeutic agents are administered less than 1 hour apart, at about 1 hour apart, at about 1 hour to
about 2 ho SR A BB RBE4 8 ABETPIn AU IR P BRTS ht SBBSERF s apart,
at about 4 hewspéptateost hhdisdapastcanptictt b VgurdRlabwuti hadrs FpadiDRPadautBthours to
about 7 hours apart, at about,7 hours oyt 8 hours,a t.about 8 hou out 9 hours apart,
2t about & HOUHERE b GERETHELT At AR 1B oSk SB6 Pl SIGaR A Sht 11 hours
to about 12 HvyrsDRAriorimMse dhap:24ho s @PRIT domeaimoré 4han @B kb dismaparbutnipseferred
embodiments, two or.more co ents are administered within the,s atient visit. The dosage
amounts anlaoiirgalﬁlgﬁléf’egy%ﬁﬁ%?s@%ﬁ&hn’p?g\%ﬂe eﬁ%%%arlél’eﬁsfdma(g%ﬁs{sae By e ?&%Egl‘
therapeuticaliprffdotiveand psophidact callyCeffectivenalthendos dgeCAMR Frdemeinc yiuriber vl typically
vary according to factqrs ific for eacrgp jent.dependin nctg cific therapeutic or prophylactic
agents adm?ﬁ%@?é% ?32@ @%iéfogﬁ&yap bﬁ%@a@%@?ﬁ% folte 6 %%%h%?ﬁ}% rrlé\?lroﬁ,[%gs well as age, body
weight, response, and the past medical history of the patient. Suitable regimens can be selected by
one skilled in the art by considering such factors and by following, for example, WO
2008/136694PCUPT2008/000018 dosages reported in the literature and recommended in the
Physician 's Desk Reference (561h ed., 2002). 5.7Compositions and Methods of Administering The
invention provides methods and pharmaceutical compositions comprising the inununospecific
polypeptides of the invention. The invention also pré¥ides methods of treatment, prophylaxis, and

amelioration of one or more symptoms associated with a disease, disorder or infection by

administering to a subject an effective amount of a fusion protein or a conjugated molecule of the
invventionn aor 2 nharmacaeriitical comnocition comnricina a fiicinn nrotein ar coniticaated moleciilee nf the



In a specific embodiment, the term "pharmaceutically acceptable” means approved by a regulatory
agency of the Federal or a state government or listed in the U.S. Pharmacopeia or other generally
recognized pharmacopeia for use in animals, and more particularly in humans. The term "carrier"

refers to a difyentJagisvant @@plauny's etiRvaniteamalete wpd DrROMpIeHR), BXCHUENh@r vehicle
with which the therapeutic is administered. Suctrh%harmaceutical carriers can be st%rile liquids, such as

water and GIEPINEAiNG S dopEbidurs SRR Ry Btabledr Adsmabtghng such'a8 beanut oil,

soybean oilgspingrabeibsasates aihandibr likgenatesis a prefersrRixasieswheatidedhasmaceutical
composition is administered intravenously. Saline solutions and a%ueous dextrose an@é erol

solutions cANAREHE ¥inbiBYedles rguia YarfidtS 2Letaitany oM Bct4BRAB Hidhsr le

pharmaceutigalgxcipiesssinerle stardpghicasaalaciagea SUEro3eR gefaiimin abutiigeedadt, chalk,
silica gel, sodium stearate, glycerol monostearate, talc, sodium chlaride, dried skim miﬁg}%l%/cerol,
minor

propylene, HBBIISH A EMEN SR Nie P Compsifiort: {f HESIEma4h Hido ‘o

amounts of yeiting oF emulsiing aggntDH RN pibhufferng agentResesemposiionscamtake the
form of solutions, suspensions, emulsion, tablets, pills, capsules, powders, sustainegd-r. e
formulationg%B‘WIMé.%%W?eraiNg’rgd?&%l@ﬁ‘é‘&n6%&%§§8f$%%&§t%?%@ﬁplied
either sepapiglyi0r Sixachipgetherin,UNbHesaem 461 andor exantIhR Asienthin |ypphidized mawder or

water free concentrate in a hermetically sealed container such a poule or sach indicating
the quantity"8FRERGe agehDIvhEraIaR coipbSito ﬁﬁi%aa\ﬁm%ﬁsﬁggmqnﬂﬁyﬁ; ﬁﬁtc)(z#be

dispensed wishan: ifuen Haitie confaioby stesieaphanaceuticabgradiwaier vhtsdiee. ddthere the
composition is administered by injection, an ampoule of sterile water for injection ot sali an be
provided so°tHaPHE %E?bg%éqﬂ%"ﬁe%\{k’e Eﬁ% fhistr lgﬂgﬁﬁm%ro%ﬁéégg? he
invention canyheiforaiulatad:asdeuial orsal wmsanPiarmave Wity akeegtabasalssinalude, but
are not limited to those formed with anions_such_as those der;j e&ﬁ&g@ﬁrochlori%p%ﬁ?oric,
acetic, oxalftOBaRE doidsDBtt IURH B GG S EEktoNE 88k Gefived sodium,
potassium, asABRAIYN cealsHI, tervig yDroXidesdsoprapylamireD Rethylasxnend- &ikylammino
ethanol, histidine, procaine, etc. 5.7.2 Kits The invention provjde rmaceutica kit
comprising BRI FB O EPE i |t‘h(((§313§%5 of t éﬁiﬁﬁﬁ&&bﬂﬁf%ﬁoﬁa‘gﬁ es of the
invention. Agiditionally, engpersmose viherrepiyhadic pidtherapalDR agkntsinseful fasdhactreatment of

a disease can also be_included in the pharmaceutical pack or_kit, The invention alsQ prqvides a
pharmaceufitAIBEGRoY kit Boh 5198 ofe’ Hréﬁé%é 38 théks ﬁl%ﬁ%\)\'t 06'?15@%%%8@0 ingredients

of the pharraaggutical campesiions\af the inyedtianinQpiibraly aspeCiateansiih suckicaniainer(s) can
be a notice in the foul, prescrined by a gover tal agency regulating.the manufagtu e or sale
of pharmac&ttEalscst §%§§%&I atittd ,%1%%2’0?83%&?&@%%@%%ﬁWlHeOéﬁzﬁb)ﬁ?fﬂ§
manufacturgetsenoraaledigiiumamadministratienaihhamprasent Cvetidomasayides idtedhaitcan be
used in the above methods,.In.one embodi it comprises r.more im 0 ific
polypeptideg‘)&?fi’ﬂéeiﬁvt‘éﬁté%R% ﬁaﬁ%ﬁmﬁéﬁﬁ%&f& %ﬁhﬁ%ﬁ%‘?@&g‘o%aﬁ fn%gnﬁeﬁgther
prophylacticiemtierapeutic paents usghid o théoireatmedt of &, dcBRe donosis, dnmdrecaistainers. In
other embodiments, the pr lactic or thera [ ent is a bi jcal or hormonal t eutic.
5.8Charactéf{ZHtbiy ﬁrr]i“[?m@?&ﬁ% of Th%%%g&%n@ﬂﬁt a}go(#%ﬁaﬁ&(%%ag? plcphyiac %%and/or
therapeutic @genis, can dagnigiied ineWialDRIndahmbde ey siems priosdmpiéesin AMEDR Such
animal model systems inc| ut are naqt limjted to, rats, mige, chi , COWS, mopke jgs, dogs,
rabbits, etc.S&W‘Qﬂi%ic{ﬁs%t‘)%?‘ugﬁ@Wh&%;ﬁuﬁglaﬁoﬁ%?b%%&e%amgg&a&ﬂi8re%n b(g)“%g?r%t of the
invention, capikinateasmppsenhylactipaselowthFafBRE dgeniis drettéstedin eompuseaiedel system.
Such model systems are widely nd well-kno the skilled arti Prophylactic and/or
therapeuticgsgg gSEWBeBa ﬁiﬁ@%ge%o?%%ga?gg@\f@e%%rﬁ%lgpné&? of eRr}r(‘)g?gl ﬁrrleo%aaay{/}bary such
as the temporRregimeaingtadministering the prophylactic and/or therapeutic agents, and whether such
agents are administered, separately or as an admixture. (?nce the pY &Syl ctlc and/or the.rageutic

agents of th iﬁ%?@oﬁwﬁ PEL t@sﬁéﬂﬁﬂ“gﬁ%’ﬁﬁ% H%&%ﬁﬁeg can betested'in Cintartials to
establish theityeffieacyEstapliShiRg dimicah tridls GIiIRDe dimierin bgcOMRR ctomitin cOMGBIR 1

methodologies kno killed in the.optimal dosages and routes of jnistration as
el s tox ATHIONES P e SEpbes G Ie RO Lo b S B e g BT e

experimentation. Toxicity and efficacy of the prophylactic and/or therapeutic protocols of the instant
invention can be determined by standard pharmaceutical procedures in cell cultures or experimental
animals, e.g., for determining the LD50 (the dose lethal to 50% of the population) and the ED50 (the
dose therapeutically effective in 50% of the population). The dose ratio between toxic and therapeutic
effects is the therapeutic index and it can be expressed as the ratio LD50/ED50. Prophylactic and/or
therapeutic agents that exhibit large therapeutic indldes are preferred. While prophylactic and/or
therapeutic agents that exhibit toxic side effects may be used, care should be taken to design a

delivery system that targets such agents to the site of affected tissue in order to minimize potential
AdAamane tn 1ininfected celle and therehy rediice cide afferte The Aata obhtained from the call crilfnire



administered four subcutaneous injections at 2-3 week intervals, of 50 ng purified protein prepared in 1
ml adjuvant according to the manufacturer's directions (Ribi Immunochem Research, Hamilton, MT).
Five days after the final boost, spleen and bone marrow were harvested and used for total RNA

preparationggiNAidsolatier andakdoranrConsiLictigavEissie Sanalas warerharvested and peepared for
total RNA isolation using TRI reagent (Molecular Research Centre) according to the manufacturer's

protocol. 1s81atRerthtal R AdRSLOESoRFBE Fis 67151 OP RNAEBASe Hikte PEST ESMEER (RO and purity
were deterpipgeiy sRedEonboInRIFhE B Stand coNAwas synthesizadfromitaial ik NRe using an

oligo (dT) primer and reverse transcriptase (Superscript; Invitrogen) usirﬁgthe manufacturer's protocol.

Primary amgHREResReSHRQLmsRtidamly sy e sHELROTRERSHS Bf Yhe HEAVY LAl ahd fight chains

was performagshusinenthe, sease.ArnessiBiesentad véable: tdhpat efthevarinbleagionyvElG. 1) and
the antisense primers presented in table 2 (3' part of the constant region of the heavy and light chains;

FIGS. 2A-BY PRBIE9ME80 88 DAL For ISBIAH PHLREPERY & OF FDBInISMaR8nY ESMR Preparation

Domain Primgh Seauenoe YHIBRMHAN bus GlestoCediiyfa e @6 CCDRAGRG G MG GARIGAG TCC
TGG 3' (SEQ ID NO:10) SDVH2-F 5' GGG CCC AGO COG CC CAG TCG GTG AAG GAG TCC GAG

3' (SEQ ID {f84iR) BBVHA-PS ersit CE KRB e Be'GAe 1e8iE BAS BARRER coc 3

(SEQ ID NQal2y; IMHAIbraite Bt €6eS B hyrice @ ¥ S BORBAGHEAG LT GIRRG GaiMaid CC GG 3'
(SEQ ID NO:13) VL SDVIC1-F 5' GGG CCC AGO COG. CC GAGC.TCG TOM TGA CCC.AGA CTC
CA 3 (SEQIT'NOSRR S omereee XoEltdduriaAce FO8 haiFBAMCE AGA CTC

CA 3' (SEQUIBINQidmiS BVEH: hoGlfae&G AGCBIOGISaiaACG TORT M lieAGOG AGA CTG

AA 3' (SEQ ID NO:161 SDVA.-F 5' GGG CCC AG OG,CCGAGC ICG TGC TGACTC ACT CGC
CCT C(I 3 ?%ﬁjﬂﬁ@ifﬁ)or comprises two Vy CDR%:‘ n%mains, and Vi CDR1 domain, but does

not comprise a Vg CDR1 domain, a Vi CDR2 domain, a Vi CDR2 domain or a Vi
CDR3 domain; etc.).

In certain embodiments, the immunospecific polypeptide of the disclosure comprises
any four of a Vg CDR1 domain, Vy CDR2 domain, Vg CDR3 domain, Vi CDRI
domain, Vi CDR2 domain, or Vi, CDR3 domain, but does not comprise any other CDR
domains, wherein said CDR domains have been isolated and/or identified by the
methods of the disclosure, wherein said CDR domains have been isolated and/or
identified by the methods of the disclosure (for example, in certain embodiments, the
immunospecific polypeptide of the disclosure comprises a Vy CDR1 domain, a Vy
CDR2 domain, a Vg CDR3 domain, and a Vi, CDR1 domain, but does not comprise a
Vi CDR2 domain, or a Vi CDR3 domain; or comprises a Vi CDR1 domain, a Vg
CDR2 domain, a Vg CDR3 domain, and a Vi CDR3 domain, but does not comprise a
Vi CDRI1 domain, or a Vi CDR32 domain; or comprises a Vy CDR1 domain, a Vg
CDR2 domain, a Vi, CDR1 domain, and a Vi, CDR2 domain, but does not comprise a
Vi CDR3 domain, or a Vi, CDR3 domain; or comprises a Vg CDR2 domain, a Vy
CDR3 domain, a Vi, CDR2 domain, and a Vi CDR3 domain, but does not comprise a
Vy CDR1 domain, or a Vi, CDR1 domain; or comprises two Vg CDR3 domains, and
two V. CDR3 domains, but does not comprise a Vy CDR1 domain, 2 Vy CDR2
domain, a Vg CDR1 domain, or a Vy CDR2 domain; etc.).
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WO 2008/136694PCT/PT2008/000018 Table 2. Antisense Primers for Isolation of Rabbit VII or VI,
domains from cDNA Preparation Domain Primer Sequence VH SDG-R 5' OCT GGC CGG COT GGC
CAC TAG TGA CTG AYG GAG OCT TAG GTT GCC C 3' (SEQ ID NO:18) VL SDVK]j10-R 5' COT

GGC COG G QE-G% CRITTRAR, Til CAGATEROT GRERIREQ DN Qilah R\ R:E OCT GGC
COG OCT GGCC TAG GAT CTC CAG CTC GOT CCC 3' (SEQ.ID NO:ZOSI SDVK42j0-R 5' OCT GGC

COG COT BECET T 6Xe SRR cametc \aoTiEclamargVin Mefo1foasia Y CORI

S'CCTCGC RGN GTRG GfafaiGHCACHRF Qokhid Be@dEGoBindle MO @By Therprimary
FOR was performed in 50 p.1 reaction volume using 25 pmal of each primer. 2.5 pl random primed or
oligo-dT cDHRHAS UBEr48 ehthiSieRedomahitis I)Qiﬁe?nl?\'sﬂ%‘?drﬁéqfé’éc‘cﬂﬁl?t&é)ﬁ‘éi gns*for the

primary FOR Migr@ 1drmne atiQddsudollanadiny s3@/ 60 0ecaalSaiRb/ 12 & faloBlaayaegoand 5 mm
at 72 C. All reactions were performed with 2.5 mM M&gClZ, 200 1.1M dNTP (Roche Diagnostics,

Brussels, BEEHINShRY To5eath it A SHHBNA FSR FErmRE-(HotHE FBRRTTRENS Were

separated qp#d6speamseaohaneitha DA Glieduwsi Banipeifd Aquickcast exttstian kitgr QIAEXII
(Qiagen) Aléb[l)ﬂrimers have the Sfil site. DNA fragments were Sfi-cut, purified, and cloned into phagemid

vector. The IhEBntalted 3L 55Re% Astop I8 SeitbA s Gh&x Lt tags for
purification §hisGl-ardaptRetiow (HARBIERMYikigatieshrEtdsanSfOUBRIO AppiYXdAMatetpRONg of

linearized vector DNA (as_determined by gel electropharesis a ainﬁé own amounts) were ligated

with approxiitiaiely & Yid B edd@aop iR 2051 FEL RO As db Ny R A RE e PEOmMM Tris

pH'7.5, SmidMelsk Imividithieendtited, L mM ATP, pH 7.5) and 1U T4 DNA ligase (Roche), for
ligation of cohesive-end ligations. Ligéatjons were incubated 16-18h at 12-14§ﬁ§ WO _
2008/136698PEAB BRI RDT 16" egaﬁ%m%%%%ﬁ’ah@sa § COrHes SOMCETRUIRBEF S cuvettes

were incubgigd pmier:for dRminmShotltaseausiis aleeirasampriant fecof Weratiavieddhice. 2pl of
each ligation reaction were added to the electrocompetent bacteria, transferied g%“j:uvette and stored

on ice for Ik RsEEoJBr AREH NFSHRAFHHTES 406 ERTUSEHRECHHY BIYReRETGe &&Hmediately

flushed withilsel QG meRiihat fapien Heiatine e theCHitsassiakeraleatpniar b at 37C
or 30C. Cultures were then spread on LB agar 'plates containing 100pg/ml ampicilin, 30pg/tnl

kananiycin, SSABC9E §FcEisiEphenicol and incubated overnight at 37C or 30C.
The polypeptides of the disclosure include immunoglobulin molecules that may derived

from any species (e.g., rabbit, mouse, rat), but are preferably human immunoglobulin
molecules that can be of any type (e.g., [gG, IgE, IgM, IgD, IgA and IgY), or class {e.g.,
1gGy, IgGa, 1gGs, [pGs, IgA,, and IgA) or subclass. The immunospecific polypeptides,
e.g., antibodies, of the disclosure, or antigen binding fragments thereof, can be produced
by any method known in the art, for example, chemical synthesis or recombinant
techniques.

In certain embodiments, the immunospecific polypeptide of the disclosure does not
comprise a Vy domain, e.g., a rabbit Vy domain, and/or does not comprise a Vy domain
derived from any species other than rabbit. In other embodiments, the immunospecific
polypeptide of the disclosure does not comprise a Vi domain and/or does not comprise a
V1 domain derived from any species other than rabbit. In preferred embodiments, the
immunospecific polypeptide of the disclosure comprises a Vg domain, and does not
comprise a Vi, domain. In other embodiments, the immunospecific polypeptide of the
disclosure comprises a Vi domain, and does not comprise a Vy domain. In specific

embodiments, the immunospecific polypeptides of the disclosure, e.g., antibodies,
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Phagemid vector was isolated and electorporated into host cells according to manufacturer's protocols.
After electroporation, 5m1 of SOC was added and cultures were shaken for Ib at 37C. 10m1 of SS
medium/carb was then added for |h at 37C. 4.5p1 of 100mg/m1 carbenicillin was next added and

cultures weggrshakenfr apothsrdhaat 37C befare adding ImhehY SEM L (helrRiPhagesR13pfu/ml)

to each 15 ml culture. A total of 170m1 SB mediuni/carb added to the cultures, which were shaken for

2h at 37C. SHERRNMFBERGMAABHANYER GAS AbHEH TAT (SERURIRQ omih et ARPRHIN at 37C.

On the folloyying MAiRgntheSe ldrasve e et Kpgadanevhe phage sy pessanis\rgargitated by
adding 25m1 of PEG-8000 (polyethylene g%col)/NaCl and incubation on ice for 30min. Phage was

centrifuged$P8Hiithe supernZifigand pellef@$vere resuépéhfled in 2 M9 TBS/BSA IS un down

and filtered yi owgtna@rdumn Jien mtss acterits ke Ay Aanmoa rmsebjlized amsigens 4Vif, Gpal,
Integrase, TNF-alpha, VWF, Delta4) were used to pan th@é{oha%% e K%ession library for immunospecific

binding. Ani AOBBh BT e e BHHRS BRESEIHIRMIBR é“rx' e O ERAE PRk vere then
washed ang kipgked ¥§ihaiBRIBRA BY0RE atid deqRBLIRIESHlyHIFe P8 reshuieye Hiprary was

added to each well and incubated for 2h at 37 Pann'n&lconsisted of several rounds of binding phage

C.
to an antigef RSN ReF % th& ¥l bRAR %ﬁ_Y§;&%I\éfé(,} HING, BRI N phEatiohEleaves the
antibody fragyment affine phage serReeh-antheampidioationk PerinpisaskeundNspecifichinding

clones were selected and amplified. These clones predominated after 3 or,4 rounds., Wells were

washed witNV 1584 FELIES e SolVRAShIRG StépSudete FRIPSHS S8 RS FHHE%AE ound to 10
in the secoRgdRipd andEfRIngas dYEENe YGOSRV 2908/13669ARC THRGARAS/0R0018 If

further rounds of panning were desire%é)ha e eluates were transferred to 2m1 Kcolj cultures that had
been prepalediRfi A VAR 1 B AP dndihcdRR VNG HARIRY for Bh R47¢C until
0.D=1. The fiiaite exppsedilimesowesr] inednaied feGaammatiRT (8rQ atprawerswd &B
medium/carb was added and shaken Ib at 37C followed by the addition of Iml.of VCSM13 (helper

phage) and St PrddidhnedF Sa!hdafdin) Carb. 1 e s ORI EREKSn 1T SR EPa9teriidwed by the
addition of }40pknfRAneg/md kanamuenand iRapshaken aNRh3Fiedhptigemeaniethalales were

prepared as described for.the next round of panning. Panning of second round was then r«i%eated

following th amsE B TEEBD & AAHERHir RS SSoME PP RMYE Nete'tedidd By g o dhtlyen coated
plates (prepared aFdesesings) @os datgstedny HRRsanidgaiet BMieHA(1: 200 0Rt0 éssars whether it

was worthwhile tg continue with the analysis of single clones. Construct_io%rof CAT-fusion
Single-DonEAPAMNER Ribraliss HER FgBhd R4s A pliddrdiipERT Burbtalfehe} BY-PCR and
inserted intgRE Fopeued plasayt Ysing BGoR anchephiFestichnn Sitesseaiaasd the pE-CAT. The
5'PCR primer qriginally used to clone the vajiahle domains was also designed to contain two
sequential éﬂo%b‘%FS’Fe?Heg FCITRRY EREES a i P HHBRPES %R%X@?ﬂﬁs?b%%ﬁbetggggﬂfh%ng of the
CAT gene. dg clan@odicsingledomaiaibegy Soreirs feiseskinthathenoATgenaBilisPMd/and SDVL
fragments were generated by, PCR from each p-SDVH (plasmid expressing VH domains). and pSDVL
(plasmid exﬁgggﬁhblﬁ‘fi‘%ﬁfﬁmgﬂﬁéﬁ% y&R Drmoﬁ%ﬁbﬁgﬂrh‘ﬁ e&@rﬁ%&f@@@ﬂ“ﬁ?%ﬁ%ing. The
resulting SR¥iYRRd RPMIRCGR {agmenis praliegel uniiiad, tigasied Adthnb e resitietion; in
endonuclease Sfil, and cloned independently into the a[ggr.opgﬂs?yﬁ%li\i> aut vector pECAT. The
pSOVH-CAP G FRDIPRIT LEHUATI AARAET (e aRU! SR R PaE bRERILRS: That also
includes angysterminalinigt6 wifimRotagraid; theBripicdinpoeBisiasecagane VAl ehatiehaiSRVH or
SDVL fragments may be clongd into readjly available vectors designed.to ress clo sequences
25 usion pAVTRE FHACEAT Sy NEnNE SBEIB b EANFE RO 508 CE I Rt
8:1908-191doingiat poraiasnaencho yore fer anae: i its PR ety kG abardikiloranjeReisdldesistance

analysis Chlur nigol resistance assays were performed by transfarmin 38 cells (New
i B0 T B HOR B En AT B O TV 1R Gortai
2008/136694R&RERT 20608099 18 tansfERIatien dixtire syweriadnogulatied Miabiid Vo IFOC and
incubated at 37C for 1 hour. Next, 10 ml of SB medium with 3 pl of 10ng /ml ampicillin was added to
each library"X8tal 8P E5° I Y é@?lgﬁﬁﬁrgr%ﬁgcgﬁgj%n%rﬂleh tir 3t 'ch.%%geaﬂg}ﬂlyﬁ. pl of 100
mg/ml ampigifineuas:dgaedmn gresdiitcdssRaRes fnidnedpustatedy C. Then, 85 ml of SB medium with
85 pl of 100 mg/ml ampicillin Was added and cultures grown overnight at 37C. The 'following day, 600
pl of each culture was used to inoculate 20 ml of SB medium containing 100 ii.g/m1 of ampicillin.
Expression of CAT-fusion single-domain proteins was induced by addition of 0.5 mM IPTG when the
optical density of cultures reached 0.9 (at 600 nM). After 2 hours of incubation at 37C, 100 pl 'aliquots
of each library were plated on agar plates with IPTG (200 pg/m1) and various concentrations of
chloramphenicol. Plates were incubated at 37C for 16-20 hours. The level of resistance was quantified
as the highest level of chloramphenicol at which colonies appeared after the 37 C incubation period.
Stability Analysis Confirmation of the stability of cloh&s selected by panning and/or chloramphenicol
resistance assays (or combinations of both) was performed by monitoring the unfolding transition in

response to heat or increasing concentration of guanidium chloride (GdmC1) by intrinsic fluorescence.
Evnracced and ienlated chineac weaere diliited to a concentration of & RPN Intrincie fliinoreccancewac



24 25 26 27 QQQLM--KSGGG----LVQPGGSLTLSCKAS WO 2008/136694PCTMTNMWMMOM 28
-QSLE--ESGGR----LVTPGGSLTPTCTVS 29 -QSVE--ESGGR----LVKPDETLTLTCTVS 30
-QSVE--ESRGR----LVTPGTPLTLTCTVS 31 QEQLV--ESGGG----LVQPGGSLKLSCKAS 32

QQQLV--E$zChreseh ViR sl s & e dmphisde IMKusE IF GRrareJRIFE Sb L IHTES 34
-QSVE--ESRGR----LVTPGGSLTLTCTVS 35 -QSVE--ESGGG----LVQPGGSLKVSCKAP 36

-QSLE--EStsgspents (rrrseizomprisng i amigygid seaitsesr of pyrreidhssiariehie fogans,
QEQ'—M--Eﬁﬁﬁﬁ,miﬂ\»!@&%@%bﬁd%%é&e§%e. 2., framework domains such as those listed in

Tables 3-10 in Section 6.1.2), or amino acid scaffold residues of the disclosure with
mutations {e.g., one or more amino acid substitutions) in any of the above. In specific
examples in accordance with this embodiment, the present disclosure encompasses
immunospecific polypeptides comprising one or more amino acid substitations, wherein
said substitutions resuit in one or more of, at position 46 in the Vi FR2 domain, a
phenylalanine; at position 53 in the Vy FR2 domain, a glutamic acid; at position 54 in
the Vg FR2 domain, an arginine; at position 56 in the Vi FR2 domain, a glycine; at
“position 38 in the Vy FR2 domain, an alanine; at position 44 in the Vi CDRI domain, a
cysteine; at position 59 in the Vy CDR1 domain, a cysteine; at position 126 in the Vi
FR4 domain, a cysteine; at position 39 in the Vi FR2 domain, a phenylalanine or a
tyrosine; at position 45 in the Vi FR2 domain, a lysine; or at position 91 in the Vi FR3
domain, a cysteine. Preferably, mutations in these regions, domains or residues
maintain or enhance the avidity and/or affinity of the immunospecific polypeptide for
the antigen, i.e. epitope, to which they immunospecifically bind. The recited positions
are according to the Vy or Vi, domain amino acid sequence alignments presented in
FIGS.3 and 4, respectively.
In certain embodiments, the polypeptides of the disclosure, or antigen binding fragments
thereof immunospecifically bind an epitope of an antigen which is immuno-neutral or
non-immunogenic in mice and/or rats.
The present disclosure also encompasses immunospecific polypeptides of the disclosure
that have been modified by any method known in the art and/or described herein known
to increase or improve the serum half-life of therapeutic polypeptides. Non-hmiting
examples of such modifications include pegylation, acetylation and the use of non-
nataral amino acids. In certain embodiments the serum half-life of the immunospecific
polypeptide may be increased or improved by including in the polypeptide an additional
antigen binding domain, which domain immunospecifically binds to albumin or
fibronectin.
The methods of the disclosure also encompass polynucleotides that encode the

immunospecific polypeptides of the disclosure. In one embodiment, the disclosure

15



-QSLE--ESGGR----LVTPGTPLTLTOTAS 40 QQQLV--ESGGG---LVQPGGSLTLSCKAS 41
-QSVE--ESGGR----LVTPGTPLTLTCTVS 42 -QSVE--ESRGG----LVUGGSLKVSOKAS 43
-QSVE--ESRGG----LEKPTETLTLTCTVS 44 -QSVE--ESGGR----LISPGGSLTLTCTVS 45

-QSLE--ESGGRes-hY KBREd lhlibEC TAR 46qieRéEenbRBE R-v+L Wil PG dithdih idd S edi7or
-QSVE--ESRGR----LVKPDETLTLTCTVS 48 -QSVE--ESRGD----LVKPEGSLTLTCTAS 49

_QSLE--Eswrstincted/ pp@eppire T idesn bers peicEs g B A T BT e T GBS

-QSLE--ESWGRerebYICP BT kdtbEe ishRd o Q8 Fc- B8l Gfefiided, \LQP GRHlolieb GK AGibéh
QEQLV--ESGGG----LVKPEGSLTLTCKAS 54 -QSVE--ESGGN----LVTPGTPLTLTCTVS 5
QQQLM--éS@@@-ﬁ@WW%LWE@Hg novel (relative to the amino acid sequences o

immunoglobulins of species other than rabbit) scaffold amino acid sequences, novel
amino acid residues at particular positions of the Vy or Vi amino acid sequence, or
novel amino acid sequences of CDR loops identified by the methods described herein.
The disclosure further relates to a vector comprising said nucleic acid. In specific
embodiments wherein the immumospecific polypeptide of the disclosure comprises both
a Vg and a Vi domain identified, isolated or constructed by the methods of the
disclosure, the disclosure provides a vector comprising a first nucleic acid molecule
encoding said Vy domain and a second nucleic acid molecule encoding said Vi domain,
said Vi and V¢ domains independently or concomitantly selected for immunospecific
binding to the same antigen and/or epitope. In one specific embodiment, said vector is
an expression vector. The disclosure further provides host cells containing the vectors of
polynucleotides encoding the polypeptides of the disclosure.

The present disclosure encompasses immunospecific polypeptides, e.g., antibodies,
recombinantly fused or chemically conjugated (including both covalently and non-
covalently conjugations) to therapeutic agents or additional antigen binding domains,
e.g., heterologous polypeptides (i.e., an unrelated polypeptide; or portion thereof,
preferably at least 10, at least 20, at least 30, at least 40, at least 50, at least 60, at least
70, at least 80, at least 90 or at least 100 amino acids of the polypeptide) to generate
fusion proteins. The fusion does not necessarily need to be direct, but may occur
through linker sequences or through chemical conjugation. The immunospecific
polypeptides of the disclosure may be used for example to target the therapeutic agent to
particular cell types, either in vitro or in vivo, by fusing or conjugating the agent to the
immunospecific polypeptides of the present disclosure that are specific for particular
cell surface receptors. In other embodiments, the additionpal antigen binding domains
may be used to bind the immunospecific polypeptides of the disclosure to albumin or
fibronectin, thercby improving serum half-life (see, e.g., Holt et al,, 2008, Protein Eng
Des Sel 21:283-288 and Stork et al., 2007, Protein Eng Des Sci 20:569-576, each of

which is hereby incorporated by reference herein in its entirety). The therapeutic-
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56 QEQLMET,SGGGAEGGLVKPGGSLELCCKAS 57 QEQLMETESGGGAEGGLVKPGASLTLTCTAS
58 --QSLE-ESGGR----LVTPGTPLTLTCTVS 59 --QSVE-ESRGD----LVKPGASLTLTCTAS 60
--QSVE-ESGGR----LITPGGSLTLTCTVS 61 --QSLE-ESGGD----LVKPGASLTLTCTAS 62

—-QSVE-E @Biﬁiﬁ%%%@&%b?e@%@ RIOHERbME EeG(ztre Y KBGHSEsEE TETAS 64
--QSLE-ESGGD----LVQPGASLTLTCTAS 65 -QQQLV-ESGGD----LVKPEGSLTLTCTAS 66

--QSLE-EStsumneasipxiand sprifieetipa giafess ooz vssyuls & magosooboies tabid 4 Amino Acid
Sequencespi iR 2demprinseseaied by methogsoaidbe lnwantion SER. | BNRmALIGMVENT

POSITION 45-58 67 WVRQAPGEGLEWIG 68 WVRQAPGKGLQYIG 69
39:91-99, 1994; U.S. Pat. No. 5,474,981; Gillies et al., PNAS, 89:1428-1432, 1992; and
Fell et al., J. Immunol., 146:2446-2452, 1991, which are incorporated herein by
reference in their entireties. Therapeutic agents for use in accordance with the methods
of the disclosure are not to be construed as limited to classical chemical therapeutic
agents (e.g., chemotherapeutics), but may include peptides that may or may not modify
or alter biological responses, drug moieties, radioactive materials, macrocyclic
chelators, and siRNA. In non-limiting examples, such polypeptides as therapeutic
agents may include albumin, protamine, albumin interacting proteins {(e.g., gp60, gp30,
gp18), protein A, a G protein, protein transduction domains (see e.g., Bogoyevitch ef al.,
2002, DNA Cell Biol 12:879—894, hereby incorporated by reference in its entirety),
toxins, cytotoxins, or portions of antibody molecules (e.g., Fc domain, CH; domain,
CH; domain, CH; domain, CIL domain, etc.); such radionuclides may include
radionuclides (e.g., alpha-, beta-, gamma-emitters, etc.) known in the art for labeling
(i.e., producing a detectable signal in vive or in vitro) and/or producing a therapeutic

125¥ 13§I
2

effect (e.g., ,1C, ete.); such macrocyclic chelators include those known in the

art for conjugating radiometal ions (e.g., DOTA).
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WVRQAPGKGLEWIG 70 WVRQAPGKGLDWIG 71 WVRQAPGEGLDWIG 72 WVRQAPGKGLEYIG
73 WGRQAPREGLEWIG 74 WVRQAPGKRLEWIG 75 WVRQAPGKGLEWVA 76
WVRQAPEKGLEWIG 77 WVRQAPGKGLEWIA 78 WFRQAPGKGLEWIA 79 WFRQAPGKGLEWIG
80 WFRQARGKEHEW b 83diMHnR QAP GRRREWIG %Wﬁﬂ@&gﬁi@ﬁﬁd&ﬁﬁunospeciﬁc

WVRQAPGpléEyléE;\D/XId%S%)A% t\{xv Vg\;chﬁ\)Elg(lf Eg \é\gxcf;e X}/nvg \%KE LG 1!eGg10ns identified or
isolated by the methods described herein. In other embodiments, the CDR and /or
framework regions of the immunospecific polypeptides of the disclosure are not derived
from rabbit Vg or Vi regions identified or isolated by the methods described herein, but
comprise novel scaffold amino acid sequences and/or novel amino acid residues at
certain positions of the amino acid sequence of the Vi or Vi domains identified by the
methods of the disclosure. In some embodiments, the immunospecific polypeptides of
the disclosure described herein comprise additional alterations, including, but not
limited to, amino acid deletions, insertions, and modifications, of the Vy and/or Vi
sequences isolated and identified herein.

Preferably, the immunospecific polypeptides, e.g. antibodies, of the disclosure, or
antigen binding fragments thereof, are monoclonal (i.e., bind the same epitope of an
antigen), and in certain embodiments may be humanized.

The disclosure further provides a pharmaceutical composition comprising (i), and (ii) a
pharmaceutically acceptable carrier

In certain embodiments of the disclosure, pharmaceutical compositions are provided for
use in accordance with the methods of the disclosure, said pharmaceutical compositions
comprising a therapeutically effective amount of an immunospecific polypeptide of the
disclosure, or antigen binding fragment thereof, and a pharmaceutically acceptable

carrier,

3.1  Definitions
As used herein, the term "analog" in the context of proteinaceous agents (e.g., proteins,
polypeptides, and antibodies) refers to a proteinaceous agent that possesses a similar or
identical function as a second proteinaceous agent but does not necessarily comprise a
similar or identical amino acid sequence of the second proteinaceous agent, or possess a
similar or identical structure of the second proteinaceous agent. A proteinaceous agent
that has a similar amino acid sequence refers to a second proteinaceous agent that
satisfies at least one of the following: (a) a proteinaceous agent having an amino acid
sequence that is at least 30%, at least 35%, at least 40%, at least 45%, at least 50%, at
least 55%, at least 60%, at least 65%, at least 70%, at least 75%, at least 80%, at least

85%, at least 90%, at least 95% or at least 99% identical to the amino acid sequence of a
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86 WVRQAPGKGREWIG 87 WVRQAPGKGREGIG 88 WVRQAPGKGLEGIG 89
WFRQAPGKEREWIG MO WFRQAPGKELEGIG 91 WFRQAPGKGREGIG 92 WVRQAPGKEREGIG
93 WFRQAPGKEREGIG Table 5.Amino Acid Sequences of VH FR3 domains selected by methods of
the invention SEIBRE ALIGNMENT POSITION 70-110 94 PCT/PT2008/000018
YASWAKGRFTIS-KTSSTTVDLKITSP-- TTEDTATYFCAR 95
YATWVNGRFTLSRDIDQSTGOLQLNSL-- TAADTATYYCAR 96
YATWAKGRFTIS-KTSTTVNLOQMETTSLTTEDTATFECAR WO 2008/136694PCT/PT2008/000018 97

YATWAKGRFTgESmd proteinaceous agent; {b) a proteinaceous agent encoded by a nucleotide
sequence that hybridizes under stringent conditions to a nucleotide sequence encoding a
second proteinaceous agent of at least 5 contiguous amino acid residues, at least 10
contiguous amino acid residues, at least 15 contiguous amino acid residues, at least 20
contiguous amino acid residues, at least 25 contiguous amino acid residues, at least 40
contiguous amino acid residues, _at least S0 contiguous. amino acid residues, at least 60
contignous amino residues, at least 70 contiguous amino acid residues, at least 80
contiguous amino acid residues, at least 90 contiguous amino acid residues, at least 100
contiguous amino acid residues, at least 125 contiguous amino acid residues, or at least
150 contiguous amino acid residues; and (¢} a proteinaceous agent encoded by a
nucleotide sequence that is at least 30%, at least 35%, at least 40%, at least 45%, at least
50%, at least 55%, at least 60%, at least 65%, at least 70%, at least 75%, at least 80%, at
least 85%, at least 90%, at least 95% or af least 99% identical to the nucleotide sequence
encoding a second proteinaceous agent. A proteinaceous agent with similar structure to
a second proteinaceous agent refers to a proteinaceous agent that has a similar
secondary, teniary or gquaternary structure to the second proteinaceous agent. The
structure of a polypeptide can be determined by methods known to those skilled in the
art, including but not limited to, peptide sequencing, X-ray crystallography, nuclear
magnefic resonance, circular dichroism, and crystallographic electron microscopy.

To determine the percent identity of two amino acid sequences or of two nucleic acid
sequences, the sequences are aligned for optimal comparison purposes (e.g., gaps can be
introduced in the sequence of a first amino acid or nucleic acid sequence for optimal
alignment with a second amino acid or nucleic acid sequence; see, e.g. FIGS. 3-4). The
amino acid residues or nucleotides at comresponding amino acid positions or nucleotide
positions are then compared. When 2 position in the first sequence is occupied by the
same amino acid residue or nucleotide as the comresponding position in the second
sequence, then the molecules are identical at that position. The percent identity between
the two sequences is a function of the number of identical positions shared by the
sequences (i.e., % identity=number of identical overlapping positions/total number of
positions.times.100%). In one embodiment, the two sequences are the same length.

The determination of percent identity between two sequences can also be accomplished

using a mathematical algorithm. A preferred, non-limiting example of a mathematical
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KT S STTVTLQMETTSLTPADTATY t CAR ,98 YASWAKGRFT 1 S -KTS - TTVDLKIT S P --
TTEDTATYFCAS 99 YASWAEGRFS | S- KAS STTVTLQMETTSLTAADTATYFCAR 100
YANWAKGRET | S -KT S -TTVDLKI T S P-- TTEDTATYFCVR 101 YASWPQGRFT | S - VTS ST
TVTLQMET TSI A BABFATYFCAK 102 YASWAKGRFT I S -QT S - TTVDEKHE BSHPEDTATYFCAR
103 YATWAKGRFT | S - KPS STTVTLQMETTSLTAADTATYFCAR 104 YANWAKGRFT IA- KT S
STTVTLQMETTSLTAADTATYFCAR 105 YASWAKGRFT | S -KT S - T TVDLKIT SP --

algorithm utilized for the comparison of two sequences is the algorithm of Karlin and
Altschul, 1990, Proc. Natl. Acad. Sci. U.S.A. 87:2264-2268, modified as in Karlin and
Altschul, 1993, Proc. Natl. Acad. Sci. U.S.A. 90:5873-5877. Such an algorithm is
incorporated into the NBLAST and XBLAST programs of Altschuil et al., 1990, J. Mol.
Biol. 215:403. BLAST nucleotide searches can be performed with the NBLAST
nucleotide program parameters set, e.g., for score=100, wordlength=12 to obtain
nuclectide sequences homologous to a nucleic acid molecules of the present invention.
BLAST protein searches can be performed with the XBLAST program parameters set,
€.g., to score-50, wordlength=3 to obtain amino acid sequences homologous to a protein
molecule of the present invention. To obtain gapped alignments for comparison
purposes, Gapped BLAST can be utilized as described in Altschul et al., 1997, Nucleic
Acids Res. 25:3389-3402. Alternatively, PSI-BLAST can be used to perform an iterated
search, which detects distant relationships between molecules (Id). When utilizing
BLAST, Gapped BLAST, and PSI-Blast programs, the default parameters of the
respective programs (e.g., of XBLAST and NBLAST) can be used (see, e.g., the NCBI
website). Another preferred non-limiting example of a mathematical algorithm utilized
for the comparison of sequences is the algorithm of Myers and Miller, 1988, CABIOS
4:11-17. Such an algorithm is incorporated in the ALIGN program (version 2.0} which
is part of the GCG sequence alignment software package. When utjlizing the ALIGN
program for comparing amino acid sequences, a PAM120 weight residue table, a gap
length penalty of 12, and a gap penalty of 4 can be used. :

The percent identity between two sequences can be determined using techniques similar
to those described above, with or without allowing gaps. In calculating percent identity,
typically only exact matches are counted.

As used herein, the term "analog" in the context of a non-proteinaceous agent refers to a
second organic or inorganic molecule which possess a similar or identical function as a
first organic or inorganic molecule and is structurally similar to the first organic or
Inorganic molecule.

As used herein, the term "derivative" in the context of polypeptides or proteins,
including immunospecific polypeptides (e.g., antibodies), refers to a polypeptide or
protein that comprises an amino acid sequence which has been altered by the

introduction of amino acid residue substitutions, deletions or additions. The term
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T TEDTATYFCAR 106 YPSWVDGRFTI S -KTS - TTVDLKIT SP- - TTEDTATYFCAR 1507KTS
YADWVTGRFT | S SHNAQNTLYLQLNSL- - TAADTATYFCAR 108 YANWAKGRCT I S - -

109 YATWVNGRLTI S SHNAQNTLYL%LNSL--
I NWAKOR TR |

TTVDLKI T%{a . TTE 5 )
ki KT P- TTVDLKIN S P - - TTEDT

TAADTATYRCAR T18YANWAKGRET | S -KT P 1

YADWAKGRFT IS -KTS- T TVDLKI TS P- - TTEDTATYFCAR 112 YADWAKGRFT 1S -KTS - T

TMDLKI TSP'-- TTEDTATYFCGR 113 YASWVNGRFT | SSRNAQNTLYLQLNS L-- TAADTATY

FCAR “derivative” as used herein also refers to a polypeptide or protein which has been

modified, i.e., by the covalent attachment of any type of molecule to the polypeptide or
protein. For example, but not by way of limitation, an immunospecific polypeptide of
the invention may be modified, e.g., by glycosylation, acetylation, pegylation,
phosphorylation, amidation, derivatization by known protecting/blocking groups,
proteolytic cleavage, linkage to a cellular ligand or other protein, ete, A derivative
polypeptide or protein may be produced by chemical modifications using techniques
known to those of skill in the art, including, but not limited to specific chemical
cleavage, acetylation, formylation, metabolic synthesis of tanicamycin, etc. Further, a
derivative polypeptide or protein derivative possesses a similar or identical function as
the polypeptide or protein from which it was derived.
As used herein, the term "epitope” refers to a region on an anti gen molecule to which an
antibody specifically binds. Antigen molecules can comprise single or multiple
epitopes.
As used herein, the term "fragment" refers to a peptide or polypeptide comprising an
. amino acid sequence of at least 5 contiguous amino acid residues, at least 10 contiguous
amino acid residues, at least 15 contiguous amino acid residues, at least 20 contiguous
amino acid residues, at least 25 contiguous amino acid residues, at least 40 contiguous
amino ,acid residues, at least 50 contiguous amino acid residues, at least 60 contiguous
amino residues, at least 70 contiguous amino acid residues, at least contignous 80 amino
acid residues, at least contiguous 90 amino acid residues, at least contiguous 100 amino
acid residues, at least contiguous 125 amino acid residues, at least 150 contiguous
amino acid residues, at least contiguous 175 amino acid residues, at least contiguous
200 amino acid residues, or at least contiguous 250 amino acid residues of the amino
acid sequence of another polypeptide. In a specific embodiment, a fragment of a
polypeptide retains at least one function of the polypeptide. Preferably, fragments of the
immunospecific polypeptides of the invention are antigen binding fragments (in
particular, epitope binding fragments).
As used herein, the terms "heavy chain," "light chain," "variable region,” "“framework
region,” "constant domain," and the like, have their ordinary meaning in the
immunology art and refer to domains in naturaily occurring immunoglobulins and the

corresponding domains of synthetic (e.g., recombinant) binding proteins (e.g.,
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114 YASWVNGRFT | S S DNAQNTVDLQLNSL- - TAADTATY FCAR 115 YANWAKGRFT S S -KT S-
TTVDLKI T S P-- TTEDTATYFCAR 116 YANWAKGRFT 1 S -KTS -TTVDLEIASP--
TTEDTATYECVR 117 YASWAEGRFT 1 S -KASS TTVDLKMTSL-- WO
2008/13669XBL 1B T5688/000018 TTEDTATYFCAR 118 YANWAKGRAICTES TR4EI00H48/ D KMTSL --
TTEDTATYFCAR 119 YASWAKGRFT | S -KTS STTVDLEMTSL-- TTEDTATYFCAR 120
YANWAKGRFT | S -KAS S T TVELKMT GL-- TTEDTATYFCAR 121 YASWVN GRFT | S
SHNAQNTLYLQLN SL- - TAADTA.TYFCAR 122 YANWARGRFT IS -RTS - TTVDLE ITSP -- T

VARWAKDRVT FRR P PO Ek e L BPRPRL Mo amlodales, oe3. e vasc
structural unit of naturally occurring immunoglobulins (e.g., IgG) is a tetramer having
two light chains and two heavy chains, usually expressed as a glycoprotein of about
150,000 Da. The amino-terminal ("N") portion of each chain includes a variable region
of about 100 to 110 or more amino acids primarily responsible for antigen recognition.
The carboxy-terminal ("C") portion of each chain defines a consta.nt'region, with light
chains having a single constant domain and heavy chains usually having three constant
domains and a hinge region. Thus, the structure of the light chains of an
mnmunoglobulin molecule, e.g., 1gG, is n-V—-Cy-¢ and the structure of heavy chains of
an immunoglobulin molecule, e.g., 1gG, is n-Vy--Cpy~H--Cp—~Chs-¢ (where H is the
hinge region). The variable regions of the immunospecific polypeptides of the
invention, e.g., antibodies, consist of the complementarity determining regions (CDRs),
which contain the residues in contact with antigen and non-CDR segments, referred to
as framework segments, which in general maintain the structure and defermine the
positioning of the CDR loops (although certain framework residues may also contact.
antigen). Thus, the V}, and Vy domains have the structure n-FR1, CDR1, FR2, CDR2,
FR3, CDR3, FR4-c.

As used herein, the terms "humanized antibody" or “humanized immunospecific
polypeptide” refer to a polypeptide comprising at least one immunoglobulin variable
comprising a human framework region and one or more CDRs identified by the
methods of the invention. In some embodiments, the immunospecific polypeptide of
the invention does not comprise an entire immunoglobulin, or may comprise a sipgle
immunoglobulin variable domain (e.g., a Vy or V;, domain) and but not comprise any
other immunoglobulin domain or region (e.g., Fe, CH,, CH;, CHa, CL, etc.). The
immunospecific polypeptide (e.g., antibody or variable domain) providing the CDRs is
called the "donor” and the human immunoglobulin, or fragment thereof (e.g., variable
domain) providing the framework is called the "acceptor”. Constant regions need not be
present, but if they are, they must be substantially identical to human immunoglobulin
constant regions, 1.6., at least about 85-90%, preferably about 95% or more identical.
Hence, in accordance with embodiments wherein the immunospecific polypeptide of the
invention comprises a humanized immunoglebulin, all parts of a said immunoglobulin,

except possibly the CDRs, are substantially identical to corresponding parts of natural

22



YANWAKGRFT | SKTS - -TTVDLE IISP -- TKE DTATYFCAT 126 YANWAKGRFT | SKAS - -
TTVDLKI TS P - - T TEDTAT YFCVR 127 YANWARGREFT | SKTS --TTVDLKMTSP-- TTEDTAIYFCAR
128 YATWAKGREFT | SKTS -- TTVDLKVTS P - - T TEDTATYFCAS 129 YP SWAEGRFT | SKT S- -T
TVDLKIAS PO RFE3PY ATYFCAR 130 YASWAKGRFTI SRTS - - TTABERPF24§100¢18
IEDTATYFCAR 131 YANWAKGRFTI SKT S - - TTVDLKMTS L- - TAADTATYFCAR 132
YATWAKGRFTISKTSS -TTVDLKMTSL- - T TEDTATYFCTR 133 YANWAKGRFT | S-RTS
-TTVDLKMTS P-- TTEDTATYFCIR 134 YASWAEGRFTIS-RTS -TTVDLKMTSP-- TTEDTATYFCAR

135 YASWAK GRufidn isnthSitdbtiuDiehdicss P TbEOMAT YFEARIRE4AS GRtiads! 2 -KTS
-TTVDLKITSP-- ITEDTP, TYFCIR 137 %A\SWVNGRFT S S DNAONTVDLOMN SL.- -

TAADTATYFCAEANE 68 PBRRP BET FBTPHBBB0SE 2 Yaav ik exitope binding
SLDNAQNTVF i@dvhe:rfS Ltherd A DitAubniz&C Adlecules of the invention, e.g., antibodies, do not

encompass chimeric molecules of the invention because, e.g., the entire variable region
of the chimeric molecule would non-human. One says that the donor molecule has been
"humanized", by the process of "humanization", because the resultant humanized
molecule is expecied to bind to the same antigen as the donor antibody that provides the
CDRs. Generally, humanized immunospecific molecules are human immunoglobulins
{or variable domains and/or fragments thereof ), the reéipient molecule, in which
hypervariable region residues of the recipient are replaced by hypervariable region
residues from a non-human species (donor antibody; e.2., donor CDRs from a rabbit Vy
or Vi domain) having the desired specificity, affinity, and capacity. In some instances,
Framework Region (FR) residues of the human immunoglobulin, or fragment thereof,
are replaced by corresponding non-human residues. Furthermore, humanized molecules
may comptise residues which are not found in the recipient antibody or in the donor
ar;tibody. These modifications are made to further refine functionality, e.g,
immunospecificity. In general, the humanized molecule, e.g., antibody, will comprise
substantially all of at least one, and typically two, variable domains, in which all or
substantially all of the hypervariable regions correspond to those of 2z non-human
immunoglobulin or variable domain and all or substantially all of the FRs are those of a
human immunoglobulin sequence. The humanized molecule optionally also will
coniprise at a CL and/or a CH; domain and/or least a portion of an immunoglobulin
constant region (Fc). In some embodiments, a humanized molecule of the invention is a
derivative. Such a humanized molecule comprises amino acid residue substitutions,
deletions or additions in one or more of the non-human, e.g.,rabbit, CDRs. The
derivative of the humanized molecule of the invention may have substantially the same
binding, better binding, or worse binding when compared to a non-derivative
humanized molecule of the invention. In specific embodiments, one, two, three, four, or
five amino acid residues of the CDRs identified and/or constructed in accordance with
the methods of the invention have been substituted, deleted or added (i.e., mutated). For
further details in humanizing antibodies, see European Patent Nos. EP 239,400, EP
592,106, and EP 519,596, International Publication Nos. WO 91/09967 and WO
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Table 6.Amino Acid Sequences of VH FR4 domains selected by methods of the invention SEQ ID NO
ALIGNMENT POSITION 126-136 139 WGQGTLVTVSS 140 WGPGTLVTVSS 141 WGQGILVTVSS
142 W GQ GALVT VS S 143 WGPGTLVTISS 144 WGQGTLVTASS 145 WGP GT L(\}/AVS S 146
WGQGTRVIVS NN GPGTLVTGSS 148 WGQGSLVTISS 149 RGQESIRFHEE dht Chain
Variable Domain Tables 7-10 present representative sequences of rabbit light chain v_arlable
framework domains selected by stability assay and phage panning. Sequence analysis of sc_a_lected
clones relative to initial pools indicated that the following sequences provide enhanced stability and/or

affinity, for the \#B8/FRI0dpENPE Vol QTRBSISAIYGHITYRHREISER 4B NS 150y 0kee ang
ELVLTQTPSSV, 46(‘1% GTVTINC (S 1I 0:155); for th VI._ FR2 dzomgaln, WY QKF;%}IST‘PTLLIS
(SEQ ID No:17ﬁs’) or%\%’(ﬁ&‘k%é%%& 3 hte E%‘E}f 8k ROHRY SBdninka et al.,
GVPPRFSGse@@ar,mwretiﬁB@V@W@WY—@I@EMN@;@@% P%cr ﬁ'}aél \z;falg F?Xidlcj)sr#ain,
O SRR TSRS B0 B ALt it
ng. 13:353-60; Morea et al., 2000, Methods 20:267-79; Baca et al., 1997, J. Biol.
Chem. 272:10678-84; Roguska et al., 1996, Protein Eng. 9:895-904; Couto et al., 1995,
Cancer Res. 55 (23 Supp):59735-5977s; Couto et al., 1995, Cancer Res. 55:17 17-22;
Sandhu, 1994, Gene 150:409-10; Pedersen et al., 1994, J. Mol. Biol. 235:959-73; Jones
et al., 1986, Nature 321:522-525: Reichmann et al.,, 1988, Nature 332:323-329; and
Presta, 1992, Curr, Op. Struct. Biol. 2:593-596 (each of which is hereby incorporated by
reference herein in its entirety). The term “humanization” also includes methods of
protein and/or antibody resurfacing such as those disclosed in U.S. patents 5,770,196,
5,776,866; 5, 821,123; and 5,896,619, each to Studnicka et al. {each of which is
incorporated herein by reference in its entirety).
As used herein, the terms “immunospecifically binds," :"immunospecifically
recognizes,” "specifically binds," "specifically recognizes" and analogous terms refer to
molecules that specifically bind to ﬁn antigen (e.g., epitope or immune complex) and do
not specifically bind to another molecule. A molecule that specifically binds to an
antigen may bind to other peptides or polypeptides with lower affinity as determined by,
¢.g., immunoassays, BlAcore, or other assays known in the art. Preferably, molecules
that specifically bind an antigen'do not cross-react with other proteins. Molecules that
specifically bind an antigen can be identified, for example,.by immunoassays, BlAcore,
or other techniques known to those of skill in the art.
As used herein, the terms “immunospecific polypeptides” and “Immunospecific
polypeptide” refer to polypeptides, peptides, and/or proteins that cafnprise at least one
of a Vy or a V. domain and exhibit immunospecific binding as determined by any
method known in the art for assessing antigen/antibody specificity (2.g., BlAcore). The
terms may refer to polyclonal antibodies, monoclonal antibodies, multispecific
antibodies, humanized antibodies, synthetic antibodies, chimeric antibodies, polyclonal
antibodies, single-chain Fvs (scFv), single chain antibodies, anti-idiotypic (anti-Id)
antibodies (including, e.g., anti-Id and anti-anti-Id antibodies o antibodies of the
invention}, diabodies (sec e.g., U.S. Patent Application Publication Nos. 2007/0004909
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iti [ [ ies indi d that the presence
WO 2008/136694PCT/PT20081000018 Additional point mutation studies indicate . e
of a phenylalanine at position 39 (within the FR2 domain) and/or the presence of a lysine at position 42

ithin the FR2 domain) and/or the presence of a cysteine at position 9.1 the f!nal FR3 reS|due_3)
E:V(\)”r:?elrr]red e SrCeY '3, ?ﬂlity and/or affinity to the VL domain. Amino acid Bgﬁg"’r?ggé(}@‘ggcordmg to
the positions within the sequence alignments presented in FIG. 4. Table 7.Amino Acid Sequences of
VL FR1 domains selected by methods of the invention SEQ ID NO ALIGNMENT POSITION 1-23 150
ELVLTQTPPSLSASVGETVRIRC 151 ELDI\/ITQTPASVS_EPVGGTVTI KC 152 ELVLTQT PS
PVSAAVGG Tk e098/8 4 PESir esrh &6 Which & leraby | CotmtdBldVibiT QTcRES ASER YGGTAT IKC

PASVEVAVGGTYT INC 156 ELDMIOTES SUSAAVGGTVEING 1 BN OTARElERI GTVT

INC 160 ELVA%‘BWR@V]E?RA%P&B%\?QW\% F6h Ef Wit TP ASWBE RN GEBTMIKE 16Rrence
herein in its entirety), nanobodies (see, e.g., Revets et al,, 2005, Expert Opin Biol Ther
5:111-124, hereby incorporated by reference in its entirety), 'or antigen binding
fragments of any of the above, including, but not limited to, Fab fragments, F(ab")
fragments, disulfide-linked bispecific Fvs (sdPFv), and intrabodies. The terms aiso
include immunoglobulin molecules and immunologically active fragments of
immunoglobulin molecules, i.e., molecules that contain an anfi gen binding site, and may
be of any type (e.g., IgG, IgE, 1gM, IgD, IgA and IgY), ciass (e.g., IgGy, 1gGy, 1gGs,
1gGe, IgA), and IgA,) or subclass. The terms may also refer to bispecific or
multispecific molecules comprising two or more antigen binding molecules, at least one
of which is a Vy or a V domain determined by the methods of the invention, or at least
one of: which comprises a variable domain framework region determined. by the
methods of the invention.
When referring to immunospecific polypeptides of the invention, e.g., antibodies, (as
broadly defined herein), the assignment of amino acids to each domain is in accordance
with methods well known in the art for the characterization of antibody variable
domains, including, e.g., variable domains of human, murine and rabbit variable
domains. Amino acids from the rabbit variable domain of mature heavy and light
chains as isolated and identified by the methods of the present invention are designated
by their position in the alignment sequences presented in FIG. 3 for the Vg domain and
in FIG 4 for the V, domain; For example, the FR1 domain of & rabbit Vy domain
isolated and/or identified by the methods of the invention typically comprises from 24
to 31 amino acid residues, each of which is designated by their position in an alignment
sequence based on the longest amino acid sequence for each domain (see, e.g., FIG. 4).
Accordingly, a specific variable domain may Or may not comprise a residue at a
particular position of the alignment sequence. The alignments presented in FIGS, 3-4
and specific domain determiniations of the polypeptides of the invention were
determined according to methods known in the art for characterizing and aligning

sequences based on immunoglobulin molecules (e.g,, aligned according to Kabat e al,

Sequences of Proteins of Inmunological Interest, 5% Ed. Public Healih Service, NH1,
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TVT I KC 164 ELVLTQTPS
ELVLTQTPS PVSAAVGGTVT | SC 163 ELVMTQTES PVSAPVGG
SKSVP?/GETVT INC 165 ELDMTQTPSSKSVPVRGTVS | SC 166 ELVLTQS PS SKSVPVGDTVT INC

TVT ¥MJQT PS
167 ELDLT VGETVRIRC 168 ELDLTQTPASVEAAVGG #%g@%}%% §
PVSAAVGG%-E\‘EEI Céi%o ELVLTQTPS SKSVPVGDTVIINC 171 ELVLTQ - AVGGTVI INC

TVTIKC WO
172 ELVLTQT PS SVEAAVGGTVT | KC 173 ELVLTQTPASVEAAVGG )
2008/13669(31PCT/PT2008/000018 Table 8.Amino Acid Sequences of VL FR2 domains selected by

e N SRR YRS SMIENT FOSTTION 36.97 174 WY OQKPEKFPTLLIS 175
in the alignment sequnce of theVy domain, the FR1 consists of positions 1-31, the
CDR1 of positions 32-44, the FR2 of positions 45-58, the CDR2 of positions 59-69, the
FR3 of postions 70-110, the CDR3 of positions 111-125, and the FR4 of positions 126-
136; and as presented in FIG. 4, in the alignment sequence of the V| domain the FR}
consists of positions 1 to 23, the CDR1 of positions 24 to 37, the FR2 of positions 38-
52, the CDR2 of positions 53 to 59, the FR3 of positions 60 to 91, the FR4 of positions
92-105, and the FR4 of positions 106-116B.

As used Hérein, the terms "nucleic acids" and "nucleotide sequences” include DNA
molecules (e.g., cDNA or genomic DNA), RNA molecules (e.g., mRNA), combinations
of DNA and RNA molecules or hybrid DNA/RNA molecules, and analogs of DNA or
RNA molecules. Such analogs can be generated using, for example, nucleotide analogs,
which include, but are not limited to, Inosine or tritylated bases. Such analogs can also
comprise DNA or RNA molecules comprising modified backbones that lend beneficial
attributes to the molecules such as, for example, nuclease resistance or an increased
ability to cross cellular membranes. The nucleic acids or nucleotide sequences can be
single-stranded, double-stranded, may contain both single-stranded and double-stranded
portions, and may contain triple-stranded portions, but preferably is double-stranded
DNA.

As used herein, the terms "prophylactic agent”" and "prophylactic agents" refer to any
agent(s) which can be used in the prevention of a disorder, or prevention of recurrence
or spréad of a disorder. A prophylactically effective amount may refer to the amount of
prophylactic agent sufficient to prevent the recurrence or spread of a disease, the
recurrence or exacerbation of symptoms of a disease, or the occurrence of such in a
subject. A prophylactically effsctive amount may also refer to the amount of the
prophylactic agent that provides a prophylactic benefit in the prevention of disease.
Further, a prophylactically effective amount with Tespect to a prophylactic agent of the
invention means that amount of prophylactic-agent alone, or in combination with other
agents, that provides a prophylactic benefit in the preveniion of disease.

As used herein, the terms "single-chain Fv" or "scFv" refer to antibody fragments that
comprise the VH and VL domains of antibody, wherein these domains are present in a

single polypeptide chain. Generally, the Fv polypeptide further comprises a polypeptide
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176 WYQQKPGQPPKRLIY 177 WYQLKPGQPPKLLIY 178 WYQQKPGQPPKPLIY 179
WFQQKPGQPPKLLIY 180 WYQQKPGKPPTLLIS 181 WYQQKPGQRPKLLIY 182
WYQQKAGKPPTLLIY Table 9.Amino Acid Sequences of V. FR3 domains selected by methods of the

08/000018
invention SEQ'IB RO RLIGNMENT POSITION 60-91 183 PCT/PT20
GVPPRFSGSGSGTDYTLTIGGVQAEDVATYYC 184 GVSSRFKGSGSGTEFTLTISGVQCDDAATYYC

185 GVSSRFKGSRSGTEYTLTISDLECADAATYYC 186
GVSSRFKGSGSGTEFTLTISDVQCDDAATYYC 187 GVPSRFKGSGSGTEFTLTISDLECADAATYYC

188 GVPSRFRGSGBGTER Th [GL5 ktid AQDANTENY GriEY SRS GRS GEG TR Rkl 18DEEGRDAATYYC
structure for antigen binding. For a review of sFv see Pluckthun in The Pharmacology
of Monoclonal Antibodies, vol. 113, Rosenburg and Moore eds. Springer-Verlag, New
York, pp. 269-315 (1994). In specific embodiments, scFvs inchude bi-specific scFvs and
humanized scFvs.

As used herein, the term "stable" in the context of a formulation comprising an
immunéspeciﬁc polypeptide of the invention refers to a formulation in which the
protein therein essentially retains its physical and chemical stability and integrity upon
storage. Various analytical techniques for measuring protein stability are available in the
art and are reviewed in Peptide and Protein Drug Delivery, 247-301, Vincent Lee Ed.,
Marcel Dekker, Inc., New York, N.Y., Pubs. {1991) and Jones, A. Adv. Drug Delivzary
Rev. 10: 29-90 (1993) (each of which is hereby incorporated by reference in its
entirety). Stability can bé measured at a selected temperature for a selected time period.
For rapid screening, the formulation may be kept at 40° C. for 2 weeks to 1 month, at
which time stability is measured. Where the formulation is to be stored at 2-8 © C.,
generally the formulation should be stable at 30 ° C. or 40 ° C. for at least 1 month
and/or stable at 2-8 ° C. for at least 2 years. Where the formulation is to be stored at 30°
C., generally the formulation should be stable for at least 2 vears at 30 ° C. and/or stable
at 40 ° C. for at least 6 months. For example, the extent of aggregation following
lyophiﬁzation and storage can be used as an indicator of protein stability. For example,
a "stable" formuiation may be one wherein less than about 10% and preferably less than
about 5% of the protein is present as an aggregate in the formulation. In other
embodiments, any increase in aggregate formation following Iyophilization and storage
of the lyophilized formulation can be determined. For example, a "stable" lyophilized
formulation may be one wherein the increase in aggregate in the yophilized formulation
is less than about 5% and preferably less than about 3%, when the Iyophilized
formulation is stored at 2-8 ° C. for at least one year. In other embodiments, stability of
the protein formulation may be measured using 2 biological activity assay.

As used herein, the term “stable” in the context of an immunospecific polypeptide of the
nvention may refer to the kinetic stability of a protein, or the resistance of a protein to
unfolding. Kinetic stability can be best explained by illustrating the unfolding process

as a simple equilibrium reaction between two protein conformations, the native folded
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189 190 GVPSRFKGSGSGTEYTLTISGVECDDAATYYC 191
GVPPRFSGSGAGTQFTLTISDLECDDAATYYC 192 GVPSRFKGSGSGAQFTLTISDLECDDAATYYC

193 GVPSRFKGSGSGTQFTLTISDLECDDAATYYC 194
GVPSRFKGE& & EEP TISGVQCDDAATYFC 195 GVPSRFKGSGSGTORRTPREERIVEDDAATYYC

196 GVPSRFKGSGSGTDFTLTISSVECDDAATYYC 197
GVPSRFSGSGSGTQFTLTISDLECDDAATYYC 198 GVPPRFSGSGSGADYTLTIGGVQAEDAATYYC

199 GVPSRFKGSGSGTQFTLTISDVQCDDAATYYC 200 |
GVSSRFKGSGSGETAF A (ROUETHO AREYVE 20dcE ¥ RBREKEG SGSBIINHYTL RISRY VERDAATYGC

GVPSRESGSC A LTI T NDLDCD ATV S I et L O RpnaTyvC

205 and unfolding, kinetically stable proteins possess an unusually high energy TS, which
results in extremely slow unfolding rates that virtually trap the protein in its native state.
Even though the overall change in Gibbs free energy (AG) may be favorable for
unfolding under extreme solvent conditions, such as high concentrations of denaturant,
the high activation energy of the TS significantly slows the unfolding rate of kinetically
stable proteins. Methods to asses the stability of polypeptides are well known in the art
and include, e.g., single molecule force spectroscopy, assessment of thermal
denaturation, e.g., monitored by dynamic light scattering (“DLS”), and resistance to
SDS denaturation (see, e.g., U.S. Patent Application publication 2006/0099647, hereby
incorporated by reference in its entirety). Stability may also be assessed by the
characteristics of protein expression in recombinant expression systems. Polypeptides
that readily fold, and which are resistant to unfolding, will be expressed as soluble
protein in such systems, while improperly or only partially folded proteins interact via
their hydrophobic regions to form inclusion bodies. The inventors have additionally
implemented a stability assay based on the solubility of recombinant protein, wherein
said protein is expressed as a fusion with CAT and the CAT activity of the fusion is
evaluated (see, infra). :
As used herein, the terms "subject" and "patient” are used interchangeably. As used
herein, a subject is preferably a mammal such as a non-primate (e.g., cows, pigs, horses,
cats, dogs, rats etc.) or a primate (e.g., monkey and human), most preferably a human.
As used herein, a “therapeutically effective armount" refers to that amount of the
therapeutic agent of the invention sufficient to treat or manage a disease or disorder. A
therapeutically effective amount may refer to the amount of therapeutic agent sufficient
to delay or minimize the onset of disease. A therapeutically effective arnount may also
refer to the amount of the therapeutic agent that provides a therapeutic benefit in the
treatment or management of a disease. Further, a therapeutically effective amount with
respect to a therapeutic agent of the invention means that amount of therapeutic agent
alone, or in combination with other therapies, that provides a therapeutic benefit in the

treatiment or management of a disease, e.g., sufficient to enhance the therapeutic
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GVSSRFKGSGSGTQFTLTISGVQCADAATYYC WO 2008/136694PCTTPT2008/000018 Table
10.Amino Acid Sequences of VI FR4 domains selected by methods of theinvention SEQ ID NO
ALIGNMENT POSITION 106-116B 206 F--GAGTNVEIK- 207 F--GGGTEVVVK- 208 F--GGGTELEIL-
209 F--GGGTORYF T8I0 FAFGGGTELEIL- WHAT IS CLAIMED IS: A FtRaaft8P#itducing a
rabbit VL or VH domain that immunospecifically binds to an antigen and that shows a desired
solubility, stability, and/or lack of aggregation, wherein said method is a first method comprising: a)
selecting from a phage expression library a set of DNA sequences that encode VH or VL domains that
immunospecificdfigdsinditensaisbantigehempitphagmexptessicmiibranrrpace d-#om: BAgr cCDNA
sequences thataei{gge%gg VH or VL domains and that were obtained from a biological sample of a rabbit
containing cells that express immunoglobulins; and b) expressing said set of sequences, or a subset
thereof, in bacteria as a fusion protein with CAT, selecting bacteria that have chloramphenicol
resistance by vijtue olpAd 1eNRIGERPPTAON S IROeayRpGeS encoding rabbit VH or VL domains
from the selected bacteria, whereby said bacterial resistance to chloramphenicol conferred by said
CAT-fusion corfefatésSrigmasic smepssuasing OhRaBEIRIWIEPRJorSiatmeotidaisequeprenet thesed to
CAT and whereig:sichsmleatiamésiataighloramphenicol concentration sufficient-to select for said
desired solub.ili?iﬁs(t?gir%, 'andaor lack of aggregation, wherein the recombinant VH or VL domain has
a Tm of at leasf BAC-aridor SXATRS T@Hr?é?@ﬁ"(?%ﬁﬁm ROSERER ey TaAUstRAfide sedisaednd
method comprisiithe pkxitsiasiagsbemneias (f) RNRaB: (BN AHKat encode VH or VL domains in

bacteria as a fusign, ptotein with CAT, whegein .said DNA or cDNA sequences were objained from a
biological samgisgac;? a‘%l %ﬁ%ﬂ%ﬁ%ﬁﬁ%é’lﬁ%@f’ X %&%ﬁ%‘?ﬁ?ﬁf@%&%ﬁ Ifﬁ’é",“b)vg%?zl:‘?i g iieria that
have chloramph€énideneesis ssirstel\pyitiaeehGds DEtprassiginnand obtaining the set of sequences
encoding rabbitzydd pr@é&ﬂg ins {'2)% g&ll%t%g- ria, where id bacterial resistance to
chloramphenicol conferred b%/?gai CAT-fusion correfgt%%%\ﬁt desso ggﬁﬁ%x,%s%aggil‘i’t@?%bri% or 156K of
aggregation of SAidieBguEN ee st byancihada rfithmisreitionid selection is at a chloramphenicol

concentration suificieRtheragiRctdpresaifigsised é&giﬂw,@@&i“%%ﬁé%ia%ﬁéﬂﬂ* Qgjion wherein

the recombinant }ggror VL domain has a Tm of at least 54C and/or exhibits a Kd for said antigen of no

greater than 20 OSLBIRY ¥ S gRalsE e ¥ S4dn library DNA sequences that encode VH

or VL domains Filat énrminospeeifisiallyfhindsasaid antigen, ukhessis saithiiY isRwpayed,from said
set of sequences, or sul set t gﬁrf % The mgtg_‘od .of claim 1, wherein said rabbit biological sample is
[

en i &80 ShiFarfyEToR The hdtRbargresditifolingrel) in said

. TEprese
from a rabbit thafj A been immu
first method, stégrafisnépedtenfokdéagr more times or wherein, in said second method, step c) is
repeated one or more times. 4. The method of claim 1, wherein said biological sample comprises
plasma cells, lymphoid, bone marrow, or appendix tissue. 5. The method of claim 4, wherein said

sample comprides lyrRbALER DESERIRIAMDhoid tissue is spleen tissue or lymph node tissue.
51  Immunospecific Polypeptides

The present invention relates to modified, engineered immunospecific polypeptides,
" e.g., antibodies, having Vy and or Vi domains, or portions thereof {e.g., CDR domains,
framework domains, etc.) derived from rabbits. In preferred embodiments, the present
invention encompasses single domain antibodies derived from rabbit immunoglobulin
variable domains and/or epitope binding fragments thereof. The present inventors have
discovered that rabbit variable domains maintain unique stability, and retain high
binding affinity when recombinantly expressed as single domains.

The present invention encompasses methods for the isolation and use of rabbit Vg
and/or V), domains and/or novel CDR and framework regions derived therefrom. The
invention further provides for the identification of novel amino acid sequences
{including novel amino acid residues at defined positions) within isolated rabbit Vy and

Vi domains for usc as “scaffold” or structural sequences in the context of CDR loops
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6. The method of claim 1, wherein said antigen is not immunogenic in mice or rats. 7. The method of
claim 1 wherein said selection is at a chloramphenicol concentration of at least 1.8 mM. 8. A
polypeptide that immunospecifically binds an antigen, wherein said polypeptide comprises one or both
of a rabbit VISR 1d¢iHain, and at least one of (@) a VH FR1 domaif ha¥ig e % ino acid
sequence QEQLMETESGGGAEGGLVKPGASLTLTCTAS (SEQ ID NO: 57); (b) a VH FR3 domain
having the amino acid sequence YATWVNGRFTLSRDIDQSTGCLQLNSLTAADTATYYCAR (SEQ ID
NO: 95); (c) a VL FRI domain having the amino acid sequence ELVLTQTPPSLSASVGETVRIRC

(SEQ ID NO: 18@or frhesvatk FRBUpIimaincoayiingitheraminsgcifisquiigrpeides. The rabbit
GVSSRFKGS@éﬁ&@@ﬁh@d&%&%%&ﬁﬁ i’é%é%%&@i%-}{%{rﬁe p%%}gs\é%%%%?o%mam

haying the amino acid sequence FAFGGGTELEIL ‘ e laim 8
further comprisify B tatisn gmbasice the) sibitior rid G nasiinibavih ghth & atisino deitisésjuentior

WVRQAPGK GG HAINHER (c.¢., Eiidofitdy Rbdomain haying, theamine acld seduence
WGQGTLVTVSS (SEQ ID NO;139); ... (h) a VL FR1 domain haying the amino acid sequence

ELVLTQTPSSYSRAS &badiat: @Edine Mo rissiption sydar ke e highivharastiiensiadimo acid
sequence WY QQIKREKRRTIIHI(SE QDN 13dhHr WIFQRKPGQRPKLLIY (SEQ ID NO:181);

(1) aVi. FR3 ain haying the amino acid sequence, , .
GUPPRFSGSC BT L TR oY By SREPHNGT B84 801t Vs Ve 49e@8main

having the aminglaciségiefor # GAGTNVEIK (BEQHIHDING:ROE). 1D Frscphiyptidesnticlaim 8 or 9,
wherein said p ige.f ' ! in the VH ER2 domain, a phenylalanine
at position 46; ﬁ%ﬁ%ﬁ%ﬁ%ﬁ@%@ﬁ%ﬁg g?éo%noh“&ﬁ?&ﬂﬁ RS BT Eomain, an
arginine at posy A8 IAHePREE RPIGETOEI HDEG oo AT A o 88 e¢dhih sheia4bR2 domain,
an alanine at pogiiey S8ui e MG RRLAAMAINy 85y 3PY e 2105100k dolJp iRk COR2
domain, a cysteine at position 59; (h) in the VH FR4 domain, an arginineat position 126; (i) in the VL
FR2 domain, agﬁ%%%fg‘}%?ﬁé’}&gg CAHEHE 2t PGsihd AR SE 1 e SALOE RETeRBRTaIT 2 I54hse at position
45; or (k) in théhatkoE RiBtdomeinisa dysieing @tpositiomBkamphahiese i s9id-pReliaey arg gecording the

positions of th%n\éH S%Pe@&ain qr VL domain ecguecrg)g(gr aIi%nmems in FIGS. 3 and 4, respectively. 11.A

polypeptide that immunaspecticaty bis B an BPEM BB ePtide BEmptisEd bne or both

of a rabbit VH expwtssiem adim aieoh att |eabbdimeeofs, the present invention provides for a method of
producing rabbit Vi or Vi domains, said method comprising (a) expressing sequences
of DNA or cDNA encoding Vy or V. domains of rabbit immunoglobulins in bacteria as
a fusion protein with CAT, (b) selecting bacteria that have chloramphenicol resistance
by virtue of CAT expression and obtaining the set of DNA sequenceé encoding "the
rabbit Vi or Vp domains from the selected bacteria, and (c) preparing a phage
expression library from the set of DNA sequences obtained in step (b) and selecting
DNA sequences that encode Vg or Vi domains that immunospecifically bind to a
desired antigen or epitope thereof (i.e., panning the library for immunospecific binding
to the antigen or epitope). In certain embodiments, the present invention encompasses
methods for the production of a rabbit Vi or VL domain wherein the phage foanning step
is repeated one or more times. In related embodiments, the phage panning step may or
may not be repeated sequentially. The phage expression library for use in accordance
with the present invention may be obtained commercially or prepared by any method
described herein and/or known in the art. Expression of DNA or ¢cDNA sequences in
bacteria as fusion proteins is well known and may be performed by any method
described herein or known in the art, e.g., cloning the DNA or ¢DNA sequence

encoding the Vi or V. domain iato an expression vector that comprises a nucleotide
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() a VH FR2 domain having the amino acid sequence WVRQAPGKGLEWIG (SEQ ID NO: 69);

(9) a VH FR4 domain haying the amino acid sequence WGQGTLVTVSS (SEQ ID NO:139); (h) a
VL FR1 domain having the amino acid sequence ELVLTQTPSSVSAAVGGTVTINC (SEQ ID NO: 155);
() VL FR2 dBRA&H20ME the amino acid sequence WYQQKPEKPPTLLECEEEE#¢18174) or
WYQQKPGQRPKLLIY (SEQ ID NO:181); () a VL FR3 domain having the amino acid sequence
GVPPRFSGSGSGTDYTLTIGGVQAEDVATYYC (SEQ ID NO: 183); or (k) a VL FR4 domain
having the amino acid sequence FGAGTNVEIK (SEQ ID NO:206); and wherein said polypeptide
further comprisequinisastcodng A iathe MontR2 stanwair, @apldeinyiafadinepaitpasiiprdidb) in the
VH FR2 domai ' g at ifi ) gt RRZ domain arginine, at pasition 54;
(d) in the VH F%%@d%#%gﬁ%%ﬁe%%%%?ﬁ%% é%g (?a‘i ri"'?%t /ELV %—Dﬁ?’ﬂb%taal#} A %%r??h%’%%position

58; (f) in the VIRredyred §yrivgimathegstdpseribepbeaition Jhe(ipvimtion Wk CDR2mssaaihe ancyalteine at

position 59; (hsinfiBel iR ALOmBaIRNER BrUiNEIALRGSIIANd RS Abiniha¥haRe ARy 2
phenylalanine ﬁ]r a tyr%ime at position.39; (j) in the VL FR2 domain, a lysine at position 45; or (k) in the

VL FR3 domaift®a /e flomayadithmigvention, isafeli eafiqs ddsmefiedby thespramtitpdise positions of the

VH domain or iflofemmnbodiaguenne pignmiantsiod poBidasand:i desRaciMalydidLeohisipplypeptide
according to C!ﬁi%l@, % 10,0r11, whtgrein %%# ol p%%tide does not have one or more of a CHI
domain, CH2 domail “CHEHoriLiAPE o hHORESOE HEGRHPH A6 SFag e Gin: and

wherein a VH eérsingldclvmmirofigiiddyotypeptice fold 316 fomuia. sGud, sthe-ag@rcgative ab/peptide
that allows selggfion at a,chlar henj tration of .at least 1.8 mM whep fused to CAT,;
wherein the VH or VL d maine%ggIpl a%l’%‘gg#‘ g%%gﬁ% Eﬁégpg fEzlla\%/h‘:{aﬂrta\ nther %Irl‘(”i{/]?_ Bmoe{in‘}i’:s not
camelized. 13 9PRIB0RSe pRECHRBHSIASL 20 hidket desioe gohvbiis dexirab bilowidinl dmgin 8. The

polypeptide of edaeinl ZryhishalacsnobsRRIeR AlRLA PR ALASBRSePQLPeS than@hhit 15. The
polypeptide of claim, 12, which does not comprise a rabbit VL domain. 16. The polypeptide of claim 12,

which does noltShilSTs 12845 defpaa pripopics srses tansd miimariamthe Anihediss|gpthisteraest any one
of claims 12-16;amkioh degsanilzemprigt ddatih damaificd &Ehegolypantide.pf any.ongf claims
12-16, which dges not.comprise.a. CH3.damain. 19. The palypeptide of any one of claims 12-16, which
does not comg%gg({% Cﬁiﬂégg%aﬁ%gmsg#@ ‘pﬁ%% titte Fc%gylﬁq’lg%h}é}?é%‘sﬁbomgelﬁzi?hot
immunogenic Memigeaonramsd MuFiderpalypeptiels of. claimmiiiwhdedin S3itty50lypegtidsdsafurther
conjugated to @, felapeLtie 2 In-iteract epti fibro inJateracting peptide,
fibronectin, albumin, prot%ﬁ%ﬂ g%gtt)ggsr? §Gr‘r?}&’?ZJ‘./@AI@n§1a£r15'[|§bo y%tblghfgﬁééﬁa't%?eﬁ:}g&%égﬁé% g‘(r:%ording to
claim 8, 9, 10, 1BFOrpoaRiah Apttebbineiergeagmeheitheptinftics). In certain embodiments the

immunospecific polypeptides of the invention are bispecific or multispecific. Bi- or
multi-specific moiecules of the invention may be formed using any method known in
the art and/or described herein, ¢.g., formed by the creation of a fusion or conjugate
peptide. The bispecific or multispecifc molecules of the invention comprise at least one
Vy or V domain, or at least one framework region of a variable domain, identified,
isolated or constructed according to. the methods of the invention. In certain
embodiments, a certain embodiments, the bispecific or multispecific molecule of the
invention comprises more than one Vy and/or more than one Vi domain, which domains
were isolated, identified and/or constructed by the methods of the invention.

Immunospecific polypeptides, e.g., antibodies, of the invention include, but are not
limited to single domain antibodies, monoclonal antibodies, multispecific antibodies,
humanized antibodies, synthetic antibodies, chimeric antibodies, polyclonal antibodies,
single-chain Fvs (scFv), single chain antibodies, anti-idiotypic (anti-Id) antibodies
{(including, e.g., anti-Id and anti-anti-Id antibodies to- antibodies of the invention),

diabodies, minibodies, nanobodies, or antigen binding fragments of any of the above,
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wherein a VH or VL domain of said polypeptide folds to form a soluble, non-aggregative polypeptide
that allows selection at a chloramphenicol concentration of at least 1.8 mM when fused to CAT;
wherein the VH or VL domain has a Tm of at least 54C; and wherein the VH or VL domain is not
camelized. 28ORME/&#EBbdy or fragment of claim 22, wherein said antiboB§ & 52888¢@%Rain antibody,
a single domain antibody, a minibody, a diabody, a bispecific antibody, or a nanobody; or wherein said
antibody is an antibody fragment that is a Fab, Fab', F(ab")2 or Fv fragment. 24. The antibody or
fragment of claim 22, wherein said antibody or said fragment does not comprise a C1-11 domain. 25. A

chimeric or humagized.vetsion &f hgantiRgdy-of %H{Sofé@ggponneagﬂ%ln ismsdizs%igée'-%(s él’c{we .
antibody or fragment of any one of claims 22-25,‘ wherein sf:u ntigen s no immunogeﬁ in mice or
rats. 27. The ariERsRPSr FagBdhoredimtebodiperan sitopstibiodiner fregmeetst ihdedherloonjugated

to a therapeutigagitag i/ huminreRRIEE BB IPsRItRs 2fbronssHaResRaliNg-eRlids, Jbrgnectin,
albumin, protein 'g‘l gr pro sign polypeptide comprising CAT fused to a VH or VL domain,

tein.G. 28. A f , , |
said VH or VL dBfsif %Iggﬁrﬁgﬂﬁl%@ﬂgﬁ%%@%%é?@@ aralkerles and, igpmunolpgicrli fusion
polypeptide accstdingddiotaint REnwheiebulaitidldddssVL domain folds to form a soluble,
non-aggregativ ti allows selection at a chlpram icol,concentration of at least 1.8
mM when fuseg %ﬂ%@%gﬁ\%%\)%%ﬁrgﬁﬂ?e%} Soerqwi%%rﬁé}lfr/?’ ﬁﬁ%%@ﬁ‘u%‘?‘gf’ |BES SHEISE R Wierein the
Vii or VL domainiginsspesiiedipelipaetidestus pnaptihndéstidé the rppesisin inConidiused, toethe-asibody or
fragment accorgifg t2/RY-0Re-CRIMS, 225, : jo eptide comprising CAT fysed to the
polypeptide accordin fo a?ny orr]e of clai}n%s%lgg‘-g%%?@. %%o%%%%i%ﬁ%%%ﬁ%oﬁ%gﬁ ggPﬁg%rna%%Iypeptide
according to arfFENEA FFomiFARbES E2. SN er erlsrds Whie it dormestfn vebodymenteolide

according to claisiy3estdtbs Afiipstaelcampeisingathepalypyalarliidaaeeaiding to claim 33. 35.The host
cell according I‘E claim 34, wherein said cell is a bacterial cell. 105002SEQLIST SEQUENCE

LISTING <1105 1o EhAsBh A E e &R CaeP RRISES WRIRImAsAGLE f IloRsaiciigRia iR mmaro >
Engineered RafbisieaftioplysiayiabienDomeihseanehtdsas Tharewb&1RmaiA o 05002 550> US

2135 Oyl 0 T LG 8l OLP ) Ser i A Do H AP S0 R 151015
Thr Leu Thr lle$t%r.@yEah 5 %4l 8deas|90lé, Askrdse 5% 0Sat]fsn RO ERAAI Melicdsniddpaal Arg Gin
Ala Pro Gly Glydghet@U 1Y BRI 304 Bain of the invention. In certain embodiments, the

“invention encompasses framework domains that comprise 1,2, 3,4, 5,6,7,8, 9, or 10

amino acid modifications (e.g., insertion, substitution, deletion, efc.) relative to a

framework domain of the invention. The present invention further encompasses

immunospecific polypeptides or fragments thereof comprising an amino acid sequence

of one or more CDRs that is at least 45%, at least 50%, at least 55%, at least 60%, at

least 65%, at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least

95%, or at least 99% identical to the amino acid sequence of one or more CDRs of the

invention. In certain embodiments, the invention encompasses CDRs that comprise I,

2,3, 4, or 5 amino acid modifications (e.g., insertion, substitution, deletion, etc.) relative

to a CDR of the invention. The determination of percent identity of two -amino acid

sequences can be determined by any method known to one skilled in the art.

The present invention also encompasses the use of imnmunospecific polypeptides or

fragments thereof compfising the amino acid sequence of any of the variable domains,

CDRs, amino acid scaffold sequences, or amino acid scaffold residues (e.g., in the

heavy chain variable domain FR2 positions 46, 33, 54, 56 and 38, in the heavy chain

domain CDRI positions 44 and 59, in the heavy chain variable domain FR4 position

126, izzl the light chain variable domain FR2 positions 39 and 45, and in the Jight chain
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Gly Thr lle Ser Thr Gly Gly Ser Thr Tyr Tyr Ala Ser Trp Ala Lys 505560 Gly Arg Phe Thr lle Ser Lys
Thr Ser Thr Thr Val Asp Leu Lys lle 65707580 Thr Ser Pro Thr Thr Glu Asp Thr Ala Thr Tyr Phe Cys
Ala Arg Ala 859095 Leu Tyr Ala Gly Ser Thr Thr Gly Ser Pro Phe Asn Leu Trp Gly Gin 100105110 Gly
Thr Leu Val ¥R/ S869%er 115120 <210> 2 <211> 120 <212> PRT <2 PESIBR8(H90E <400> 2 GIn
Ser val Glu Glu Ser Arg Gly Arg Leu val Thr Pro Gly Thr Pro Page 1 1050025EQLIST 151015 L(_au Thr
Leu Thr Cys Thr Ala Ser Gly Phe Ser Leu Asn Ser Gly Tyr 202530 Met Glu Thr lle Trp Val Arg Gin Ala
Pro Gly Lys Gly Leu Glu Tyr 354045 lle Gly lle lle Tyr Thr Gly Asp Ser Ala Ser Tyr Ala Ser Trp Ala
505560 Lys Glyasiap omhin| BRS epdsitio 18 Sef Serifruntibn vatiAspilagbiXE0 580 Lofslg.d hr Ser

' “Thr. > rq Arg Gly Tyr:Asn Ser Gly Trp Gly Ala Glu
A e
, present ipvention encompasses immunospecific polypeptides
comprising one or more amino acid substitutions, wherein said substations result in one
or more of, at position 46 in the Vy; FR2 domain, a phenylalanine; at position 53 in the
Vy FR2 domain, a glutamic acid; at position 54 in the Vg FR2 domain, an arginine; at
position 46 in the Vi FR2 domain, a glycine; at position 58 in the Vi FR2 domain, an
alanine; at position 44 in the Vy CDRI domain, a cysteine; at position 59 in the Vg
CDR1 domain, a cysteine; at position 126 in the Vy; FR4 domain, a cysteine; at position
39 in the V FR2 domain, a phenylalanine or a tyrosine; af position 45 in the Vy FR2
domain, a lysine; or at position 91 of the V_ FR3 domain, a cysteine. Preferably,
mutations in these regions, domains or residues maintain or enhance the avidity and/or
affinity of the immunospecific polypeptide for the antigen, i.e. epitope, to which they
immunospecifically bind. Standard techniques known to those skilled in the art (e.g.,
immunoassays) can be used to assay the affinity of an immunospecific polypeptide, eg.,
antibody, for a particular antigen.
In other embodiments, the present invention encompasses the use of immunospecific
polypeptides or fragments thereof comprising amino acid sequences of any of the
variable domains, CDRs, amino acid scaffold sequences, or comprising the amino acid
scaffold residues (e.g., in the heavy chain variable domain FR2 positions 46, 53, 54, 56
and 58, in the heavy chain domain CDRI positions 44 and 59, in the heavy chain
variable domain FR4 position 126, in the light chain variable domain FR2 positions 39
and 45, and in the light chain variable domain FR3 position 91) identified herein. In
certain embodiments, the present invention encompasses immunospegific polypeptides
having one or more of, at position 46 in the Vi FR2 domain, a phenylalanine; at
position 53 in the Vy FR2 domain, 2 glutamic acid; at position 54 in the Vy FR2
domain, an arginine; at position 46 in the Vy FR2 domain, a glycine; at position 58 in
the Vy FR2 domain, an alanine; at position 44 in the Vy CDRI domain, a cysteine; at
position 59 in the Vy CDRI domain, a cysteine; at position 126 in the Vi FR4 domain,
a cysteine; at position 39 in the Vi FR2 domain, a phenylalanine or a tyrosine; at
position 45 in the Vi FR2 domain, a lysine; or at position 91 of the Vi FR3 domain, 2

cysteine. The scaffold residues identified herein may maintain or enhance the avidity
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<211> 126 <212> PRT <213> Oryctolagus <400> 3 Gin Glu Gin Leu Met Glu Thr Glu Ser Gly Gly Gly
Ala Glu Gly Gly 151015 Leu Val Lys Pro Gly Gly Ser Leu Glu Leu Cys Cys Lys Ala Ser Gly 202530
Phe Ser Leu Ser lle Asn Tyr Trp lle Cys Trp Val Arg Gin Ala Pro 354045 Gly Lys Gly Leu Glu Trp lle
Gly Cys Val ¥} PP IRE657Asp Gly Ser 505560 Thr Tyr Tyr Ala Thr Trp Val&3PEHORP§OPe Thr Leu Ser
Arg Asp 65707580 lle Asp Gin Ser Thr Gly Cys Leu Gin Leu Asn Ser Leu Thr Ala Ala 859095
105002SEQLIST 100105110 Tyr Asn Phe Trp Gly Gin Gly Thr Leu Val Thr Val Ser Ser 115120125
<210> 4 <211> 124 <212> PRT <213> Oryctolagus <400> 4 Gin Glu Gin Leu Val Glu Ser Gly Gly Gly

Leu Val Lys P Leu T Jig Asp Ser.Asn Tyr
28;536(1) G>I/; Iler %ﬁ?@/ﬁﬁ% %?r?%aﬁ %%B% ly LM I?gfjxéﬁl%r%% al 354?0% x%j%/r“ﬁéé?yr Pro
Asp Tyr Gly ThHfHr APEEWR?&%HmB%| &SRB ks, Glor ArgTEEmEsts 0B dhe einvestichsn Ala

Gin Asn Thr Vatétherising single domain binding proteins, i.¢., a polypepiide conlprisiﬁg only a single
Vi or Vy domain and not comprising any other immunoglobulin variable domain.
Standard techniques known to those skilled in the art (e.g., Immunoassays) cén be used
to assay the affinity of an immunospecific polypeptide, e.g., antibody, for a particular
antigen. |
The polypeptides used in the methods of the invention include derivatives that are
modified, ie., by the covalent attachment of any type \ of molecule to the
immunospecific polypeptide of the present invention. For example, but not by way of
limitation, derivatives include immunospecific polypeptides that have been modified,
e.g., by glycosylation, acetylation, pegylation, phosphorylation, amidation,
derivatization by known protecting/blocking groups, proteolytic cleavage, linkage to a
celiular ligand or other protein, ctc. Any of numerous chemical moziiﬁcations may be
carried out by known techniques, including, but not limited to, specific chemical
cleavage, acetylation, formylation, metabolic synthesis of tunicamycin, ete.
Additionally, the derivative may contain one or more non-classical. amino acids.

In certain embodiments, the immunospecific molecules of the inveﬁtion are ;nodiﬁed to
increase serum half-life in vivo. Methods well known in the art to increase serum ha§f~
life include conjugation or fusion to 'antibody domains including, but not limited to,
antibody constant regions including Fe and/or hinge regions (see for example, U.S.
Patent Nos. 5,565,335, and 6,277,375, each hereby incorporaied by reference in its
entirety, including all references cited therein), and/or other known elements such as
interferon and/or thymosin targeting peptides, and permeability increasing proteins (see,
e.g., U.S. Patent Nos. 6,319,691 and 5,642,570, respectively, each qf which is
incorporated herein by reference in its entirety, including all references cited within
cach respective patent). Where the immunospecific molecule of the invention
comprises an [gG constant domain, such modifications can also include introduction of
one or more amino acid modifications (i.e., substitutions, insertions or deletions) into
said constant domain, or, preferably into an FeRn binding fragment thereof (preferably a
Fc or hinge-Fc domain fragment). See, e.g., International Publication No. WO
98/23289; Internationa) Publication No, WO 97/34631; and U.S. Patent No. 6,277,375,

34



65707580 Leu Gin Met Thr Ser Leu Thr Ala Ala Asp Thr Ala Thr Tyr Phe Cys 859095 Ala Arg Asp Gly
Gly Tyr Asp Asp Tyr Asn Asp Trp Gly Tyr Phe Asn 100105110 Leu Trp Gly Pro Gly Thr Leu Val Thr
Val Ser Ser 115120 <210> 5 <211> 123 <212> PRT <213> Oryctolagus <400> 5 Gin Ser Leu Glu Glu
Ser Gly Gly BRAEHNAPEIN Pro Glu Gly Ser 151015 Leu Thr Leu Thr CyRGIHRR4388048ly Phe Thr lle
Ser Asn Ser Tyr 202530 Tyr met Glu Thr Cys Trp Val Arg Gin Ala Pro Gly Lys Gly Leu Glu 354045
Page 3 105002SEQLIST Trp lle Gly Cys lle Tyr Ala Gly Ser Ser Gly lle Gly Tyr Tyr Ala 505560 Ser
Trp Ala Glu Gly Arg Phe Ser lle Ser Lys Ala Ser Ser Thr Thr 65707580 Val Thr Leu GIn Met Glu Thr

Thr Ser Leu TheAda #flaRish EbAaSa009%5HH TyrBheeys:AR GBI GG TuiE:Gly Phe Trp
Asp Leu 10010)%1{10 Trp gly Pro Gly Thr Leu Val Thr Val Ser Ser 115120 <210> 6 <211> 107 <212>
s

PRT <213> Oryci8IHY s LI FE5 8 eifacktis/bfe af rmsiroviss ofdisipgativaindidsishsasyal Gly

non-natural amino acids, for exampie in the D form, or, alternatively or additionally, the
use of amino acid analogs, such as sulfur-containing forms -of amino acids.
Alternatively, the polynucleotides and genes of the invention can be recombinantly
fused to elements that are useful in the preparation of immunogenic constructs for the
purposes of vaccine formulation or elements useful for the isolation of the polypeptides
provided. ” '

The molecules of the invention may contain modifications to the C-and/or N-terminus
which ii;clude, but are not limited to amidation or acetylation. In certain embodiments,
the amino acid residues contain reactive side chains, for example carboxy side chain in
glutamic acid, that can be capped by capping groups known in the art. Acetylation
refers to the introduction of a COCHs group either at the amino temminus or on the side
chain(s) of at least one lysine in the peptide(s) or peptide fragment(s). Importantly,
acetylation can regulate protein stability. For example, analysis of in vivo acetylated
E2F1 shows that the acetylated version has a longer half-life (Martinez-Balbas ef al.,
(2000). EMBO J. 19(4):662-71; see also Takemura ef al. (1992) J Cell Sci. 103 (Pt
4):953-64; each of which reference is hereby incorporated in its entirety). Accordingly,
in certain embodiments, the amino-terminal of the immunospecific molecules of the
invention are modified by acetylation. In certain embodiments, a lysine side chain in
the immﬁnospeciﬁc molecule is modified. In yet other embodiments, the
immunospecific molecule of the invention is acetylated both at the amino terminus and
on a lysine side chain.

The present invention also encompasses the use of immunospecific pelypeptides
comprising the amino acid sequence of any of the immunospecific polypeptides of the
invention with mutations (e.g., one or more amino acid substitutions) in the framework
or variable regions. Preferably, mutations in these regions maintain or enhance the
avidity and/or affinity of the antibodies for the particular antigen(s), and/or epitope, to
which they immunospecifically bind. Standard techniques known to those skilled in the
art (e.g., immunoassays) can be used to assay the affinity of an antibody for a particular

antigen.
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151015 Glu Thr Val Arg lle Arg Cys Leu Ala Ser Glu Asp lle Tyr Ser Gly 202530 lle Ser Trp Tyr Gin
Gin Lys Pro Glu Lys Pro Pro Thr Leu Leu lle 354045 Ser Gly Ala Ser Asn Leu Glu Ala Gly val Pro Pro
Arg Phe Ser Gly 505560 Ser Gly Ser Gly Thr Asp Tyr Thr Leu Thr lle Gly Gg Val Gin Ala 65707580
Glu Asp Val'MEAW Y Yyr Cys Leu Gly Ser Tyr Ser Gly Ser Ala 8590957 A58 BAE 1) Ma Gly Thr Asn
Val Glu lle Lys 100105 <210> 7 <211> 114 <212> PRT <213> Oryctolagus <400> 7 1050025EQLIST
Glu Leu val Leu Thr Gin Ser Pro Ser Ser Lys Ser Val Pro val Gly 151015 Asp Thr Val Thr lle Asn Cys
Gin Ala Ser Glu Ser val Ala Gly Gly 202530 Asn Arg Leu Ser Trp Tyr Gin Gin Lys Pro Gly Gin Pro Pro
Lys Leu 354045@@@1@@’%@@%&@&%@:&@&@@ SeihGlytVal Beaseé toirgrbheb0hib@bhys Gly Ser

Gly Ser Gly ThGip BheLhEL & J’g;llr JUToT Q{289 la Ala Thr Tyr Tyr
Cys Gin Gly Gl nTyr Aspecys 85 95C'Ser Se1 Ia Asp Cysgger 5\?&@%@5&% %.ﬁ/hé‘ﬁ (&lin Leu Thr
val 100105110 ff thereof, including, eg. site-directed mutagenesis and PCR-mediated

mutagenesis, which results in amino acid substitutions., In certain embodiments, the
derivatives have conservative amino acid substitutions made at one or more predicted
non-essential amino acid residues.

The present invention also encompasses the use of 1mmunospeczﬁc polypoeptides
comprising the amino acid sequence of any of the immunospecific polypeptides of the
invention with mutations (e.g., one or more amino acid substitutions) in the framework
or variable regions. Preferably, mutations in these regions maintain or enhance the
avidity and/or affinity of the antibodies for the particular antigen(s), and/or epitope, to
which they immunospecifically bind. Standard techniques known to those skilled in the
art (e.g., immunoassays) can be used to assay the affinity of an antibody for a particular
antigen.

Immunospecific polypeptides of the invention, or fragments thereof, with increased in
vivo half-lives can be generated by attaching to said polypeptides or fragments to
polymer molecules such as high molecular weight polyethyleneglycol (PEG). PEG can
be attached to said polypeptides or fragments with or without a multifunctional linker
either through site-specific conjugation of the PEG to the N- or C-termimus of said
poiypefatides or fragments or via epsilon-amino groups present on lysine residues.
Linear or branched polymer derivatization that results in minimal loss of biological
activity can be used. The degree of conjugation can be closely monitored by SDS-
PAGE and mass spectrometry to ensure proper conjugation of PEG molecules to the
immunospecific polypeptides or fragments of the invention. Unreacted PEG can be
separated from polypeptide-PEG conjugates by, e.g., size exclusion or ion-exchange
chromatography. |

For some uses, including in vivo use in humans and in vitro detection assays, it may be
preferable to use chimeric or humanized molecules, _
Nucleic acid sequences encoding rabbit Vi or Vi domains that immunospecifically bind
to an antigen and/or an epitope are selected for both affinity and stability using
secquential screening methods for each characteristic. Using the methods of the

invention, initial pools encoding rabbit variable domains will become enriched in
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<210> 8 <211> 109 <212> PRT <213> Oryctolagus <400> 8 Glu Leu val Leu Thr Gin Thr Pro ser Pro
val Ser Ala Ala val Gly 151015 Gly Thr val Thr lle Ser Cys Gin Ser Ser Glu Ser Val Tyr Asn Asn
202530 Asn Gin Leu Ser Trp Phe Gin Gin Lys Pro Gly Gin Pro Pro Lys Leu 354045 Leu lle Tyr Glu Ala
Ser Lys LeuV P=2488884/al Pro Ser Arg Phe 505560 Lys Gly Ser Gly SeHGHTrMSEHthe Thr Leu
Thr lle ser Asp Leu 65707580 Glu Cys Asp Asp Ala Ala Thr Tyr Tyr Cys Gin Gly Ala Tyr ser His
859095 1050025EQLIST Val His Ala Phe Gly Gly Gly Thr Glu Leu Glu lle Leu 100105 <210> 9 <211>
109 <212> PRT <213> Oryctolagus <400> 9 Glu Leu Val Leu Thr Gin Ser Pro Ser Val Ser Gly Ala Val

O ST oA ST A TR SRS

Ser Arg Phe Lysxtshit$ighogfsep Biyusant@ip PhinGiissbae Wy asdiighritahliGetesly har@reitys Asp

65707580 Asp fyla, Alg:Fhil VExhYEssors S faide® v THEcehifai: AlREREABR capacity to resist
degradation or aggregation in these systems, an to retain its functional characteristic of
immunospecific binding). In certain embodiments, the polypeptides encoded by the
sequences are selected for immunospecific binding to an antigen prior to being selected
for stability. In other embodiments, the polypeptides encodes by the sequences are
selected for stability prior to being selected for immunospecific binding to an antigen.
The invention encompasses methods wherein the either or both of the binding selection
and/or stability selection step(s) is repeated one or more times. The invention further
encompasses methods wherein the binding selection and stability selection steps, and/or
repeats thereof, are performed in any order one or more times.

5.1.1 Afiinity Selection Using Phage Display

Rabbit yH or Vi domains that immunospecifically bind to an antigen and/or an epitope
are selected using the various phage display and panning methods known in the art.
Using phage display methods, functional rabbit variable domains are displayed on the
surface of phage particles which carry the polynucleotide sequences encoding them.
The phage particles are then contacted with an antigen and/or epitope of interest and the
particles exhibiting immunospeci»ﬁc binding to said antigen and/or epitope are selected
or identified using methods well known in the art, e.g., using labeled antigen or antigen
bound or captured to a solid surface or bead. Examples of phage display methods that
can be used in accordance with the methods of the invention include those disclosed in
Brinkman et al., J. Immunol. Methods, 182:41-50, 1995; Ames et al., J. Immunol.
Methods, 184:177-186, 1995; Kettleborough et al., Eur. J. Immunol., 24:952-958, 1994;
Persic et al., Gene, 187:9-18, 1997; Burton et al., Advances in Immunology, 57:191-
280, 1994; PCT application No. PCT/GB91/01134; PCT publications WO 90/02809;
WO 91/10737, WO 92/01047;, WO 92/18619; WO 03/11236; WO 95/15982; WO
95/20401: and U.S. Pat. Nos. 5,698,426: 5.223,409; 5,403,484; 5,580,717; 5,427,908;
5,750,753, 5,821,047, 5,571,698, 35,427,908, 5,516,637, 35,780,225; 5,658,727,
5,733,743 and 5,969,108; each of which is incorporated herein by reference in its

entirety.
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859095 Asn Ala Phe Gly Gly Gly Thr Gin Leu Thr Val Thr Gly 100105 <210> 10 <211> 35 <212> DNA
<213> Atrtificial Sequence <220> <223> Synthetic primer <400>.f.1(.) quSchccaggc gzgzcocsa;gztgg>

tggaggagt cctgg35 <210> 11 <211> 35 <212> DNA <213> Atrtificial Sequence <
gS;?r?thg?icgpr% ?%3%6(56%1 gggcccaggc ggcccagtcg gtgaaggagt ccgag35 éléT%“f’f@gﬁﬁ'ﬁSEQLIST
<210> 12 <211> 35 <212> DNA <213> Atrtificial Sequence <220> <223> Synthetic prlme_r_<_400> 12
gggcccaggce ggcccagtcg ytggaggagt ccggg35 <210> 13 <211> 37 <212> DNA <213> Atrtificial
Sequence <220> <223> Synthetic primer <400> 13 gggcccaggc ggcccagsag cag.ctgrt.gg _agtccggS?
<210> 14 <2115h8ghaee diplan iratss frfsristsisatvdod the 206 Bmthstibibsnet00> 14

gggCcCagye goeseRgetuIisPURRGe RUACIREaRR0a) Bad Bl dr R Al R NA 243 Artificial

Sequence <22%§scribed herein and/or known in the art. As is known in the art, the polypeptide

encoded by the nucleic acid in the phagemid vector, and thus expressed on the surface
of the.phage, may be a single rabbit Vi or V| domain, may be a single chain antibody,
may be a scFv or may be any fragment of the rabbit heavy or light chain. In certain
embodiments, each phage particle expresses a single variable domain on its surface. In
alternate embodiments, the phage particle expresses a Vi and a Vi domain on its
surface, such that .the Vy and VL\&omains interact to form binding pair.

The phage particles used in phage display and panning methods are filamentous phage
and may be selected from class I phages (e.z., fd, M13, f1, If1, ke, ZJ/Z, Ff, etc.) or
class II phages (e.g., Xf, Pfl, Pf3, etc.), or derivatives thereof. The nucleotide
sequences encoding the portions of the rabbit heavy and/or light chains, e.g., rabbit Vy
or V. domains, are expressed from a phagemid vector, which drives expression of the
sequence in the host cell (i.e., bacteria) as a fusion with the gene Il capsid protein (plfi)
of phage fd or its counterpart in another filamentous phage. Phage display technology
encompasses the use of a helper phage, or a plasmid encoding complementing phage
genes, to help package the phagemid genome, wherein the pllI fusion protein is a capsid
protein therefor.

Individual phage particles expressing the portions of the rabbit heavy or light chains,
and thus comprising the nucleotide sequence encoding said portions, that exhibit
specificity for a desired antigefi can be isolated from the library using screening
methods known in the art (see, e.g., Gherardi et all., 1990, J Immunol Meth 126:61-68,
hereby incorporated by reference herein in its entirety). Selection may be accomplished
by anchoring the antigen and/or epitope of interest to a solid surface (e.g., culture dish,
microtitre plate, chromatography beads, magnetic beads, etc.) and passing the library of
phage particles over the bound antigen ad/or epitope. Those individual phage that bind
are retained after washing and optionally detected by any detection system known in the
art {e.g., anti-fd antibody-enzyme conjugates). In specific embodiments, the plil fusion
protein further comprises a targét amino acid sequence to facilitate detection by anti-
target antibody-enzyme conjugates. Bound phage particles may be removed under

increasingly stringent wash conditions to select for increasing binding affinity. The
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<223> Synthetic primer <400> 15 gggcccaggc ggccgagctc gatmtgaccc agactcca38 <210> 16 <211>
38 <212> DNA <213> Atrtificial Sequence <220> <223> Synthetic primer <400> 16 gggcccaggc
ggccgagctc gtgatgaccc agactgaa38 <210> 17 <211> 40 1050025EQLIST <212> DNA <213> Artificial
Sequence <PEHIWIICISynthetic primer <400> 17 gggcccagge ggccgadted Egét§aee Egtcgecctc40
<210> 18 <211> 46 <212> DNA <213> Atrtificial Sequence <220> <223> Synthetic primer <400> 18
cctggcecggc ctggccacta gtgactgayg gagccttagg ttgcccd6 <210> 19 <211> 37 <212> DNA <213>
Artificial Sequence <220> <223> Synthetic primer <400> 19 cctggccggc ctggcctttg atttccacqt .
tggtgce37 <210ria@en2il b5t wadh 2erdiidn2h e Aciboied Seane rathed 2w Z3thSyatkeatic primer

<400> 20 Cctg%glcgge%&tgxg GF Eﬁggjatg %E Et%}%:g t?le time of the wash, by adding detergent to
the wash solution, etc. In specific embodiments, the set of bound phage particles is
collected and re-selected for immunospecific binding to target antigen and/or epitope
one or more times. Phage display selection may be performed before or after or both
before and after selection of polypeptides of the invention by stablhty analysxs
Phage display technology can be used to increase the affinity of an Immunospemﬁc
polypeptide of the invention for a target antigen and/or epitope. The technology,
réferred to as affinity maturation, employs mutagenesis or CDR walking and re-
selection using target antigen and/or an epitope thereof to identify amino acid sequences
of the invention that bind with higher affinity to the antigen when compared with the
initial pool of selected sequences. Mutagenizing entire codons rather than single
nucleotides results in a semi-randomized repertoire of amino acid mutations. Libraries
can be constructed consisting of a pool of variant clones each of which differs by a
single amino acid alteration in a single CDR and which contain variants representing
each possible amino acid substitution for each CDR residue. Mutants with increased
binding affinity for the antigen can be screened by contacting the immobilized mutants
with labeled antigen. Any screening method known in the art can be used to identify
mutant antibodies with increased avidity to the antigen (e.g., ELISA) (See Wu et al.,
1998, Proc Natl. Acad. Sci. USA 95:6037; Yelton et al., 1995, I Immunoiégy
155:1994, each of which is hereby incorporated by reference herein in its entirety).
The binding specificity of the polypeptides of the invention may be evaluated by any
method known in the art for determining binding-pair interactions, including, but not
limited to ELISA, western blot, swrface plasmon resonance (e.g., BIAcore) and
radioimmunoassay. Any method known in the art for assessing binding polypeptide
specificity may be used to identify polypeptides of the invention that exhibit a Kd of
greater than 0.001 nM but not greater than 5 nM, not greater than 10 nM, not greater
than 15 nM, not greater than 20 nM, not greater than 25 nM, not greater than 30 nM, not
greater than 35 nM, not greater than 40 nM, not greater than 45 nM, or not greater than
50 nM. In certain embodiments, the isolated Vg or Vi domains of the invention exhibit
a Kd of no greater than 5 nM, no greater than 10 nM, no greater than 15 nM, no greater

than 20 nM, no greater than 25 nM, no greater than 30 nM, no greater than 35 nM, no
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<210> 21 <211> 37 <212> DNA <213> Atrtificial Sequence <220> <223> Synthetic primer <400> 21
cctggecggce ctggectttg acsaccacct cggteee3d7 <210> 22 <211> 40 <212> DNA <213> Artificial
Sequence 105002SEQLIST <220> <223> Synthetic primer <400> 22 cctggeegge ctggccg.cct o
gtgacggtca JERAYELAY <210> 23 <211> 25 <212> PRT <213> Oryctold§ULEAW64%8Ein Gin Gin
Leu Val Glu Ser Gly Gly Arg Leu val Lys Pro Asp Glu 151015 Thr Leu Thr lle Thr Cys Thr Val Ser
2025 <210> 24 <211> 24 <212> PRT <213> Oryctolagus <400> 24 Gin Ser Val Glu Glu Ser Gly Gly
Gly Leu val Thr Pro Gly Thr Pro 151015 Leu Thr Leu Thr Cys Thr val Ser 20 <210> 25 <2_11> 24
<212> PRT <2 BBsa@Ir{/t0|40 ud/k 20 @re2BrGharcHy 1M @ oGeaBe i@ty SBIpNG lys ldetevah&imyro Gly
Gly ser 151015gs8adr¥s:ya@lSer Cys Lys AlarSer 20 <210> 26 <211> 24 <212> PRT <213>

Oryctolagus <400> 26 Gin ser Leu Glu Glu Ser Gly Gly Arg Lea Val Thr Pro Gly Thr Pro 151015
The present invention also provides for immunospecific polypeptides of the invention,

or fragments thereof, that have a high binding affinity for the antigen of interest. Ina
specific embodiment, an immunospecific polypeptide of the present invention or
fragment thereof has an association rate constant or k., rate (antibbdy (Ab)+rantigen
(Ag) Ab-Ag) of at least 10° M s, at least 5x10° M s"', at least 10° M s‘j, at least
5x10° M 87, at least 107 M 57, at least 5x107 M 57, or at least 10° M s7. In a
preferred embodiment, an immunospecific polypeptide of the present invention or
fragment thereof has a k., of at least 2x10° M s, at least 5x10° M! s at leé.st 108 !
5’1, at least 5x10° M s'l, at least 10" M M s, at least 5x107 M s, or at least 10° M
s,

In another embodiment, an immunospecific polypeptide of the present invention or
fragment thereof has a ko rate (antibody (Ab)+antigen (Ag) Ab-Ag) of less than 107 s
! less than 5x107 s"l, less than 10 s, less than 5x102 s'l, less than 107 s, less than
5x107 57, less than 107 s, less than 5x10™ s, less than 10° s, less than 5x107 s,
less than 10°® 577, Tess than 5x10°® 57, less than 107 s, less than 5x107 s, less than 107
s'i, less than 5x10°% 3"5, less than 107 57, less than 5x107 S'il, or less than 10'% s, Ina
preferred embodiment, an immunospecific polypeptide of the present invention or
fragment thereof has a kg of less than 5x107 s, less than 107 s, less than 5x10° s,
jess than 107 s, Iess than 5x10° s, less than 107 s, less than 5x107 s, less than 107
s, less than 5x10° 57, less than 107 5™, less than 5x10° s, or less than 107057,

In still other embodiments, an imunospecific polypeptide of the present invention or
fragment thereof has an affinity constant or K, (kon /kosr} Of at least 10> M, at least
5x107 M, at least 10° M, at least 5x10° M, at least 10* M, at least 5x10° M., at
least 10° M, at least 5x10° M, at least 10° M, at least 5x10° M, at least 107 M, at
least 5x10” M, at least 10° M, at least 5x10° M, at least 10° M, at least 5x10° M
at least 10 M™, at least 5x10'"' M, at least 10'" M", at least 5x10'! M, at Jeast 1012
M, at least 5x10' M, at least 10 M, at least 5x10% M, at least 10 ML, at least
5x10" M, at least 10 M, or at least 5x10'° M. In yet another embodiment, an
immunospecific polypeptide of the present invention or fragment thereof has a

dissociation constant or Ky (Kotr /kon) of less than 107 M, less than 5x107 M, less than
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105002SEQLIST Leu Thr Leu Thr Cys Thr Val Ser 20 <210> 27 <211> 25 <212> PRT <213>
Oryctolagus <400> 27 Gin Gin Gin Leu Met Lys Ser Gly Gly Gly Leu Val Gin Pro Gly Gly 151015 Ser
Leu Thr Leu Ser Cys Lys Ala ser 2025 <210> 28 <211> 24 <212> PRT <213> Oryctolagus <400> 28
Gin Ser LeuSRPHI&87Gly Gly Arg Leu Val Thr Pro Gly Gly Ser 151015 C8FTM8§0thr Cys Thr Val
Ser 20 <210> 29 <211> 24 <212> PRT <213> Oryctolagus <400> 29 Gin Ser Val Glu Glu ser Gly Gly
Arg Leu val Lys Pro Asp Glu Thr 151015 Leu Thr Leu Thr Cys Thr val Ser 20 <210> 30 <211> 24
<212> PRT <213> Oryctolagus <400> 30 Gin Ser val Glu Glu Ser Arg Gly Arg Leu val Thr Pro Gly Thr

Pro 151015 Leu Fhmvieldsd e b3 10 veliReriZ 1950038k QkhSk 2108 Bl Bl 1029ve2ke> PRT

e S IR C T LT T

Oryctolagus M, less than 10 M, less than 5x10 M, less than 107 M, less than 5x10™ M, less than
10710 M, less than 5x10710 M, less than 107! M, less than 5x10"7 M, Iess than 1072 M,
less than 5x10°12 M, Tess than 10°% M, Tess than 5x10™ M, less than 10™ M, less than
5x107% M, less than 1077 M, or less than 5x107° M..

5.1.2 Solubility/Stability Selection of Immunospecific Polypeptides

Nucleotide sequences encoding rabbit Vi or Vi domains that exhibit high stability are
selected using a modified chloramphenicol resistance assay. The assay selects for
polypeptides that exhibit remain scluble, are properly folded, and resist aggregation
during recombinant expression.
The method of stability selection is based on assessing solubilit}; of the recombinant
protemn as expressed in E. coli as a fusion with chloramphenicol acetyltransferase
(“CAT’;), the enzyme responsible for conferring bacterial resistance to the antibiotic
chlioramphenicol. CAT .is a highly soluble homotrimeric protein of 25 kDa molecular
weight that has been shown to maintain activity when fused to a variety of other
proteins (Robben et al., 1993, Gene 126:109-113). The level of activity of CAT in
fusion proteins {and thus resistan‘ce to chloramphenicol), however, 1s significantly lower
when the gene is expressed in a fusion protein with insoluble protein than when
expressed as a construct with soluble protein. Accordingly, soluble forms of the
polypeptides of the invention (e.g., rabbit Vy and V. domains) can be selected out of a
iarge pool of potential proteins by selection with chloramphenicol. Bacteria comprising
the nucleotide sequences of the invention may be selected using liquid media or
bacterial plates. The present invention encompasses methods comprising culturing said
transformed bacteria on selective media comprising at least 0.1 mM, at least-0.2 mM, at
least 0.4 mM, at least 0.6 mM, at least 0.8 mM, at least 1.0 mM, at least 1.2 mM, at least
1.4 mM, at least 1.6 mM, at least 1.8 mM, at least 2.0 mM, at least 2.5 mM, at least 3.0
mM, at least 5.0 mM, at least 10 mM, at least 15 mM, or at least 20 mM
chloramphenicol. The bacteria may be fransformed, and the DNA extracted from the
selected bacteria, by any method known in the art.
The invention also encompasses other assays known in the art for evaluation of protein

stability. Nonlimiting examples of such assays are single molecule force spectroscopy,
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<400> 32 Gin Gin Gin Leu Val Glu Ser Gly Gly Gly Leu Val Gin Pro Gly Gly 151015 Ser Leu Lys Leu
Ser Cys Lys Ala Ser 2025 <210> 33 <211> 24 <212> PRT <213> Oryctolagus <400> 33 Gin Ser Met
Lys Glu Ser Glu Gly Arg Leo Val Thr Pro Gly Gly Ser 151015 Leu Thr Leu Thr Cys Thr val Ser 20
<210> 34 <2’1‘i§02%12§‘gf2> PRT <213> Oryctolagus <400> 34 Gin Ser VACGRTENP S Brg Gly Arg
Leu Val Thr Pro Gly Gly Ser 151015 Leu Thr Leu Thr Cys Thr val Ser 20 <210> 35 <211> 24
105002SEQLIST <212> PRT <213> Oryctolagus <400> 35 Gin Ser Val Glu Glu Ser Gly Gly Gly Leu
Val Gin Pro Gly Gly Ser 151015 Leu Lys val Ser Cys Lys Ala Pro 20 <210> 36 <211> 24 <212> PRT

<213> OryctolagiisssAeR>o3I6iamaas Leh@HC MSREGG MALlay sah i R R GGy ser
151015 Leu Thr Leu-Thr Cy%}')rhr Val Se{, 0 <210> 37 <211> 24 <212> PRT <213> Oryctolagus

<400> 37 Gin s&FVAIEIPCRPE SV SR EHEN St 0al TP o R resiidise to SDS denatiration
(see, e.g., U.S. Patent Application publication 2006/0099647, hereby incorporated by

reference in its entirety). The methods of the present invention further encompass
determination of the Gibbs free energy of folding (AGw.u) as 2 method of determining
stability. In certain embodiments AGy.y of the molecules of the invention is about 1
kl/mol, about 2 kI/mol, about 4 ki/mol, about 6 kJ/mol, about 8 ki/mol, about 10
kl/mol, about 12 kJ/mol, about 14 k)/mol, about 16 kJ/mol, about 18 kJ/mol, about 20
kJ/mol, about 21 kJ/mol, about 22 ki/mol, about 23 kJ/mol, about 24 kJ/mol, about 25
kJ/mol, about 26 kJ/mol, about 27 kI/mol, about 28 kJ/mol, about 29 ki/mel, about 30
kl/mol, about 32 ki/mol, about 34 kJ/mol, about 36 kJ/mol, about 38 kJ/mol, about 40
kJ/mol, about 45 kJ/mol, or about 50 ki/mol.

Any other method known in the art for monitoring protein folding/unfolding may also
be used in accordance with the methods of the invention.

5.2  Humanized Molecules

In preferred embodiments, the immunospecific polypeptides of the invention and/or
fragmeﬁts thereof are humanized. A humanized molecule of the present invention is a
polypeptide comprising at least one immunoglobulin variable domain (or 2 variant or
fragment thereof) that is capable of immunospecifically binding to a predetermined
antigen and that comprises a framework region having substantially the amino acid
sequence of a human immunoglobulin and a CDR having substantially the amino acid
sequence of a rabbit immunoglobulin isolated and/or identified by the methods
described herein. A humanized immunospecific polypeptide of the invention may
comprise substantially all of at least one, or, in certain embodiments, two, variable
domains in which all or substantially all of the CDR regions correspond to those of a
rabbit variable domain isolated/identified by the methods of the present invention (i.c.,
donor domain/regions) and all or substantially all of the framework regions are those of
a human immunoglobulin consensus sequence. In certain embodiments, a humanized
molecule of the invention also comprises at least a portion of an immunoglobulin
constant region (Fc), typically that of a human immunoglobulin. The constant domains
of the humanized molecules of the invention may be selected with respect to the

proposed function of the immunospecific polypeptide, e.g., antibody, in particular the
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151015 Leu Thr Leu Thr Cys Thr Val Ser 20 <210> 38 <211> 25 <212> PRT <213> Oryctolagus
<400> 38 Gin Glu Gin Leu Met Glu Ser Gly Gly Gly Leu Val Gin Pro Gly Gly 151015 Ser Leu Thr Leu
Ser Cys Lys Ala Ser 2025 <210> 39 <211> 24 <212> PAT <213> Oryctolagus 105002SEQLIST
<400> 39 GG EWBIu Glu Ser Gly Gly Arg Leu Val Thr Pro Gly Thr Bfot 2498 Thr Leu Thr
Cys Thr Ala Ser 20 <210> 40 <211> 25 <212> PRT <213> Oryctolagus <400> 40 Gin Gin Gin Leu Val
Glu Ser Gly Gly Gly Leu Val Gin Pro Gly Gly 151015 Ser Leu Thr Leu Ser Cys Lys Ala Ser 2025
<210> 41 <211> 24 <212> PRT <213> Oryctolagus <400> 41 Gin Ser Val Glu Glu Ser Gly Gly Arg

Leu Val Thr Prefestdiufiigoh SR key thebelied N YN RIdSRERS) 1@ndteheddrhaimt <212>

SR <21 onale 00 Sl el S A G G e gl e Gl ot <o

<400> 43 In a specific embodiment, human IgG constant domains, especially of the IgGl and
12G3 isotypes are used, when the humanized molecules of the invention are intended for
therapeutic uses and antibody effector functions are desiréd. In alternative
embodiments, [g(G2 and IgG4 isotypes are used when the humanized molecule of the
invention is intended for therapeutic purposes and antibody effector function is not
required,
In some embodiments, the immunospecific polypeptides of the invention comprise only
a heavy chain, only a light chain, only a Vy domain, only a Vi domain, or any
combination of the above fragments and/or domains. In other embodiments, the
immunospecific polypeptide, or fragment, of the invention may further comprise none,
one, or one or more of the CHI, hinge, CH2, CH3, and CH4 regions of the heavy chain.
In other embodiments, the immunospecific polypeptide, or fragment, of the invention
does not comprise a CL domain. The imumunospecific polypeptide, or fragment, of the
imvention may comprise a receptor antibody selected ifrom any class of
immunoglobulins, including IgM, 1gG, 1gD, IgA and IgE, and any isotype, including
1gGy, IgG,, 1gGs and IgGys. In some embodiments, the constant dornain is a complement
fixing constant domain where it is desired that the humanized molecule, e.g., antibody,
exhibit cytotoxic activity, and the class is typically IgG,. In other embodiments, where
such cytotoxic activity is not desirable, the constant domain may be of the IgG; class.
The humanized molecule of the invention may comprise sequences from more than one
class or 1sotype, and selecting particular constant domains to optimize desired etfector
functions is within the ordinary skill in the art.
The framework and CDR regions of a humanized molecule of the invention need not
correspond precisely to the parental sequences, e.g., the donor rabbit CDR or the
consensus framework may be mutagenized by substitution, insertion or deletion of at
least one residue so that the CDR or framework residue at that site does not correspond
to either the consensus or the donor molecule. Such mutations, however, are preferably
not extensive. Usually, at least 75% of the humanized residues will correspond to those
of the parental framework region (FR)} and CDR sequences, more often 90%, and most

preferably greater than 95%. Humanized molecules, in particular, antibodies, can be
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105002SEQLIST 151015 Leu Thr Leu Thr Cys Thr val Ser 20 <210> 44 <211> 24 <212> PRT <213>
Oryctolagus <400> 44 Gin Ser Val Glu Glu ser Gly Gly Arg Leu lle Ser Pro Gly Gly Ser 151015 I_.eu
Thr Leu Thr Cys Thr val Ser 20 <210> 45 <211> 24 <212> PRT <213> Or\q/f:tolejf%us <400> 45 Gin Ser
Leu Glu Glu‘géf‘&gw&ﬂ?%rg Leu val Lys Pro Asp Glu Thr 151015 Leu THrEET P@‘wlfhr Val Ser 20
<210> 46 <211> 24 <212> PRT <213> Oryctolagus <400> 46 Gin Ser val Glu Glu Ser Arg Gly Arg
Leu Val Thr Pro Gly Thr Pro 151015 Leu Thr Leu Thr Cys Thr Ala ser 20 <210> 47 <211> 24 <212>
PRT <213> Oryctolagus <400> 47 Gin ser val Glu Glu Ser Arg Gly Arg Leu Val Lys Pro Asp Glu Thr
151015 10500 SO S (Y AHIL &f tPRhrdguesTrowyl SetlR0ad? ociuidg Mt noviiRit@b BRT <213>

Oryctolagus <4909R-48 @il IBLNALEILELISEs ALY Gy A6 LEaNalbys %h%x%#ﬁ%ﬁ%%élo“; Lea

ThrLeu T O3 382 S8 055 Fan Nob. 555,530, 5.530,101, and- 5.583.089), domsering or
resurfacing (European Patent Nos. EP 592,106 and EP 5 19,596; Padlaﬂ, 1991,
Molecular Immunology 28(4/5):489-498; Studnicka et al., 1994, Protein Engineering
7(6):805-814; and Roguska et al., 1994, Proc Natl Acad Sci USA 91:969-973), chain
shuffiing (U.S. Pat. No. 5,565,332), and techniques disclosed in, e.g., U.S. Pat. Nos.
6,407,213, 5,766,886, 5,585,089, International Publication No. WO 9317105, Tan et al.,
2002, I. Immunol. 169:1119-25,~Ca1das et al., 2000, Protein Eng. 13:353-6(}; Morea et
al., 2000, Methods 20:267-79, Baca et al., 1997, 1. Biol. Chem. 272:10678-84, Roguska
et al, 1996, Protein Eng. 9:895-904, Couto et al, 1995, Cancer Res. 55 (23
Supp):5973s-5977s, Couto et al., 19935, Cancer Res. 55:1717-22, Sandhn, 1994, Gene
150:409-10, Pedersen et al., 1994, ]. Mol. Biol. 235:959.73, ] oﬁes et al., 1986, Nature
321:522-525, Riechmann et al., 1988, Nature 332:323, and Presta, 1992, Curr. Op.
Struct. Biol. 2:593-596. Ofien, framework residues in the framework regions will be
substituted with the corresponding residue from the CDR or the donor rabbit variable
domain to alter, preferably improve, antigen binding (i.e., substitution the scaffold
amino acid sequences andfor residues identified by the methods of the present
invention). These framework substitutions are identified by methods well known in the
art, e.g., by modeling of the interactions of the CDR and framework residues to identify
framework residues important for antigen binding and sequence comparison to identify
unusual framework residues at particular positions. (See, e.g., Queen et al.; U.s, Pat.
No. 5,585,089; U.S. Publication Nos. 2004/0049014 and 2003/0229208; U.S. Pat. Nos.
6,350,861; 6,180,370; 5,693,762; 5,693,761; 5,585,089; and 5,530,101 and Riechmann
et al., 1988, Nature 332:323, all of which are incorporated herein by reference in their
entireties). ). The term “humanization” also includes methods of protein and/or
antibody resurfacing such as those disclosed in U.S. patents 5,770,196; 5,776,866; 3,
821,123; and 5,896,619, each to Studnicka et al. {each of which is incorporated herein
by reference in its entirety).
In some embodiments, the immunospecific polypeptides, or fragments thereof, of the
invention comprise a humanized molecule wherein at least one CDR from the donor

rabbit variable domain is grafted onto the recipient framework region. In other
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<400> 49 Gin Ser Lea Glu Glu ser Gly Gly Arg Lea Val Thr Pro Gly Thr Pro 151015 Lea Thr Leu Thr
Cys Thr lle Ser 20 <210> 50 <211> 24 <212> PRT <213> Oryctolagus <400> 50 Gin Ser Lea Glu Glu
Ser Gly Gly Arg Lea Val Thr Lea Gly Thr Pro 151015 Lea Thr Lea Thr Cys Thr Val Ser 20 <210> 51
<211> 24 <M 3PRF9%1 3> Oryctolagus <400> 51 Gin Ser Lea Glu GluPSEPTRIERIREY Leu Val Lys
Pro AS Glu Thr 151015 Lea Thr lle Thr Cys Thr val Ser 20 105002SEQLIST <210> 52 <211> 24
<212> PRT <213> Oryctolagus <400> 52 Gin Ser Val Glu Glu Ser Gly Gly Gly Leu Val Gin Pro Gly
Gly Ser 151015 Leu Lys Leu Ser Cys Lys Ala Ser 20 <210> 53 <211> 25 <212> PRT <213>

Oryctolagus <48{ba&méats, @lleminkeunmhfstarSty Blyiedy GhRlkeif Vel doxeRmH vz hnd 1015 Ser
Leu Thr Leu Tgégs L’¥|§ Ala S%{ 02§ <210>.54 <%r11> 24 <212> PRT <213> Oryctolagus <400> 54

Gin Ser Val GIU'Gltr%e éf)e/ @'ﬁ/ RsAted %?cf?f?ﬁroagﬁ/wfﬁkr BR151015 Leu Thr Leu Thr Cys Thr Val
Ser 20 <210> 55 <2133 25 €hiperiti¥Mok2aBs Oryctolagus

A chimeric molecule of the invention is a molecule in which different portions of the
immunospecific polypeptide are derived from different immunoglobulin molecules such
as molecules having a variable region derived from a rabbit heavy chain or light chain
and a human immunoglobulin constant region. Methods for producing chimeric
antibodies are known in the art. See e.g., Morrison, 1985, Science 2i9:1202; Oi et al.,
1986, BioTechniques 4:214; Gillies et al., 1989, J. Immunol. Methods 125:191-202; and
U.S. Pat. Nos. 6,311,415, 5,807,715, 4,816,567, and 4,816,397, which are incorporated
herein by reference in their entirety. Chimeric molecules of the invention comprising
one or more CDRs from the rabbit donor molecules of the invention and framework
regions from a human immunoglobulin molecule can be produced using a variety of
techniques known in the art including, for example, CDR-grafting (EP 239,400,
International Publication No. WO 91/09967; and U.S. Pat. Nos. 5,225,539, 5,530,101,
and 5,585,089), veneering or resurfacing (EP 592,106; EP 519,596, Padlan, 1991,
Molecular Immunelogy 28(4/5):489-498; Studnicka et al., 1994, Protein Engineering
7:805; and Roguska et al., 1994, PNAS 91:969), and chain shuffling (U.S. Pat. No.
5,565,332). Each of the above-identified references is incorporated herein by reference
in its entirety.

Often, framework residues in the framework regions: will be substituted with the
corresponding residue from the CDR rabbit donor variable domains to alter, preferably
improve, antigen binding. These framework substitutions are identified by methods well
known in the art, e.g., by modeling of the interactions of the CDR and framework
residues to identify framework residues important for antigen binding and sequence
comparison to identify unusual framework residues at particular positions. (See, e.g.,
U.S. Pat. No. 5,585,089; and Riechmann et al.,, 1988, Nature 332:323, which are
incorporated herein by reference in their entireties.).

54  Conjugate Molecules

The present invention encompasses immunospecific polypeptides, e.g., antibodies,
recombinantly fused or chemically conjugated (including both covalently and non-

covalently conjugations) to heterologous polypeptides (i.e., an unrelated polypeptide; or

45



<400> 55 Gin Gin Gin Leu Met Glu Ser Gly Gly Gly Leu Val Gin Pro Gly Gly 151015 Ser Leu Lys Leu
Ser Cys Lys Ala Ser 2025 <210> 56 <211> 31 105002SEQLIST <212> PRT <213> Oryctolagus
<400> 56 Gin Glu Gin Leu Met Glu Thr Glu ser Gly Gly Gly Ala Glu Gly Gly 151015 Leu val Lys Pro
Gly Gly Ser PE2ERIP@G Cys Cys Lys Ala Ser 202530 <210> 57 <211> FACTPT3VERG8> 13>
Oryctolagus <400> 57 Gin Glu Gin Leu Met Glu Thr Glu Ser Gly Gly Gly Ala Glu Gly Gly 151015 Leu
val Lys Pro Gly Ala ser Leu Thr Leu Thr Cys Thr Ala Ser 202530 <210> 58 <211> 24 <212> PRT
<213> Oryctolagus <400> 58 Gin Ser Leu Glu Glu ser Gly Gly Arg Leu val Thr Pro Gly Thr Pro 151015
Leu Thr Leu Tipotips Teradh| Befclbiy2t feafid €24 1eaf4 6,24 2eaf RT, allkdst @yatdtagusO<400> 59 Gin

Ser Val Glu Gl gery0,Clu/asnd.ci Rl a'a Glis S IA9LP 1 Hhbel " g d ™ Ala Ser

20 <210> 60 <= RT <213> Oryctolagus ‘
polypeptide) to generate fusion proteins. The fusion does not necessarily need to be

direct, but may oceur through linker sequences. The immunospecific polypeptides of the
invention may be used for example to target heterologous polypeptides to particular cell
types, either in vitro or in vivo, by fusing or conjugating the heterologous polypeptides
to molecules of the invention that exhibit immunospecificity for particular cell surface
teceptors. Alternatively or additionally, the heterologous polypeptides, in particular
antigen binding heterologous polypeptides, may be used for example to target the
immunospecific polypeptides of the invention to particular serum proteins or protein
targets, either in vitro or in vivo, by fusing or conjugating the molecules of the invention
to heterologous polypeptides that exhibit immunospecificity for particular ¢ serum
proteins or target proteins. Such fusions or conjugations result in bispecific or
multispecific polypeptides of the invention. The immunospecific polypeptides of the
invention fused or conjugated to heterologous polypeptides may also be used in in vitro
immunoassays and purification methods using methods known in the art. See €.g., PCT
Publication No. WO 93/21232; EP 439,095; Naramura et al., 1994, Immunol. Lett.,
39:01-99; U.S. Pat. No. 5,474,981; Gilhes et al., 1992, Proc Natl Acad Sci, 89:1428-
1432; and Fell et al., 1991, J. Imrunol., 146:2446-2452, each of which is incorporated
herein by reference in its entirety.

Further, an immunospecific polypeptide of the invention may be conjugated to 2
therapeutic agent or drug moiety that modifies a given biological response. Therapeutic
agents or drug moieties are not to be construed as limited to cﬁassicai chemical
therapeutic agents. For example, the drug moiety may be a protein or polypeptide
possessing a desired biological activity. Such proteins may include, for example, a toxin
such as abrin, ricin A, pseudomonas exotoxin (i.e., PE-40}, or diphtheria toxin, ricin,
gelonin, and pokeweed antiviral protein, a protein such as tumor necrosis factor,
interferons including, but not limited to, .alpha.-interferon (IFN-.alpha.), .beta.-
interferon (IFN-beta,), nerve growth factor (NGF), platelet derived growth factor
(PDGF), tissue plasminogen activator (TPA); an apoptotic agent (e.g.,, TNF-.alpha.,
TWNF-.beta., AIM I as disclosed in PCT Publication No. WO 97/33899), AIM I (see,
e.g., PCT Publication No. WO 97/34911), Fas Ligand (Takahashi et al,, 1994, J.
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105002SEQLIST <400> 60 Gin Ser Val Glu Glu Ser Gly Gly Arg Leu lle Thr Pro Gly Gly Ser 151015
Leu Thr Leu Thr Cys Thr Val Ser 20 <210> 61 <211> 24 <212> PRT <213> Oryctolagus <400> 61 Gin
Ser Leu Glu Glu Ser Gly Gly Asp Leu Val Lys Pro Gly Ala Ser 151015 Leu Thr Leu Thr Cys Thr Ala
Ser 20 <210%82048134994 <212> PRT <213> Oryctolagus <400> 62 GinSEPVZI0EHER Ser Arg Gly
Arg Leu val Thr Pro Gly Thr Pro 151015 Leu Thr Leu Thr Cys Thr Val Ser 20 <210> 63 <211> 27
<212> PRT <213> Oryctolagus <400> 63 Gin Glu Gin Leu Met Glu Thr Glu Ser Gly Gly Gly Leu Val
Lys Pro 151015 Gly Ala Ser Leu Thr Leu Thr Cys Thr Ala Ser 2025 <210> 64 <211> 24 <212> PRT

<213> OryctolagumméN0s: 6% 71050920 E QRIS TG 0LbliatiohNd-avd bo Sy FoARoRfoal <210> 65
<211> 25 <212> PRT <213> Or Ctolagéus <400> 65 Gin Gin Gin Leu Val Glu Ser Gly Gly Asp Leu Val

Lys Pro Glu GI§et81815*8 FHAMFRETE 39FC % ErnPRgipEHfn or endostatin), or a biological

response modifier such as, for example, & lymphokine (e.g., in‘gerleukiml{ ("TL-1"),
interleukin-2 ("IL-2"), interleukin-6 ("IL-6"), granulocyte macrophage colony
stimulating factor ("GM-CSF"), and granulocyte colony stimulating factor ("G-CSE")),
macrophage colony stimulating factor, ("M-CSF"), or a growth factor (e.g., growth
hormone ("GH"); a protease, or a ribonuclease.

Immunospecific polypeptides of the invention can be fused to marker sequences, such
as a peptide to facilitate purification. In preferred embodiments, the marker amino acid
sequence is a hexa-histidine peptide, such as the tag provided in a pQE vector
(QIAGEN, Inc., 9259 Eton Avenue, Chatsworth, Calif., 91311), among others, many of
which are commercially available. As described in Gentz et al., 1989, Proc. Natl. Acad.
Sci. USA, 86:821-824. Other peptide tags useful for purification inciude, but are not
limnited to, the hemagglutinin "HA" tag, which corresponds to an epitope derived from
the influenza hemagglutinin protein (Wilson et al, 1984,Cell, 37:767, hercby
incorporated by reference in its entirety) and the "flag" tag (Knappik et xaI., 1994,
Biotechniques, 17(4):754-761, hereby incorporated by reference in ﬁs entiretyj.

The present invention further includes the use of compositions comprising heterologous
polypeptides fused or conjugated to fragments of the molecules of the invention. For
example, the heterologous polypeptides may be fused or conjugated to a Fab fragment,
Fc fragment, Fv fragment, F(ab), fragment, scFv, minibody, nanobody or portion
thereof. Methods for fusing or conjugating polypeptides to antibody portions are known
in the art. See, eg, U.S. Pat. Nos. 5,336,603, 5,622,929, 5,359,046, 5,349,053,
5,447,851, and 5,112,946; EP 307,434; EP 367,166, International Publication Nos. WO
96/04388 and WO 91/06570; Ashkenazi et al., 1991, Proc. Natl. Acad. Sci. USA 88:
10535-10539; Zheng et al., 1995, J. Immunol. 154:5590-5600; and Vil et al.,, 1992,
Proc. Natl. Acad. Scj. USA 89:11337-11341 (said references incorporated by reference
in their entireties).

Additional fusion proteins may be generated through the techniques of gene-shuffling,
motif-shuffling, exon-shuffling, and/or codon-shuffling (coHcctiVely refefred to as
"DNA shuffling"). DNA shuffling may be employed to alter the activities of the

immunospecific polypeptides of the invention, e.g., antibodies, or fragments thereof
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2025 <210> 66 <211> 24 <212> PRT <213> Oryctolagus <400> 66 Gin Ser Leu Glu Glu Ser Gly Gly
Asp Leu Val Lys Pro Glu Gly Ser 151015 Leu Thr Leu T_hr Cys Thr Ala Ser 20 <210> 67 <211> 14
B o 8 e T SR e
Gly Leu Gin Tyr lle Gly 1510 <210> 69 <211> 14 <212> PRT <213> Oryctolagus 105002SEQLIST
<400> 69 Trp val Arg Gin Ala Pro Gly Lys Gly Leu Glu Trp lle Gly 1510 <210> 70 <211> 14 <212>
PRT <213> Oryctolagus <400> 70 Trp Val Arg Gin Ala Pro Gly Lys Gly Leu Asp Trp he Gly 1510
<210> 71 <2116-24 agibpdiprTimprestohaeokyil kghosaifiniTies el fongetdisduidfiom Gieslu Gly Leu
Asp 11D lle GlySesl Qoekaiin, 7 4781 b 4a2 1 50D £ 253 O olaaeyst 00 s2 J3p. val pro Gin
Ala Pro Gl Ly Gl 128 Gt Bhes S0 1557780, Ot Biteconar 704535 Heaaor 201
1998, Trends Biotechnol. 16:76; Hansson, et al., 1999, J. Mol. Biol. 287:265; and
Lorenzo and Blasco, 1998, BioTechniques 24:308 (each of these patenis and
pub‘iications are hereby incorporated by’ reference in its entirety). Nucleic acids of the
invention or fragments thereof, or the encoded polypeptides or fragments thereof, may
be altered by being subjected to random mutagenesis by error-prone PCR, randohl
nucleotide insertion or other methods prior to recombination.
The present invention also encompasses immunespecific polypeptides conjugated to a
diagnostic or a therapeutic agent. Such molecules can be used diagnostically to, for
example, monitor the development or progression of a disease, disorder or infection as
part of a clinical testing procedure to, e.g., determine the efficacy of a given treatment
regimen. Detection can be facilitated by coupling the polypeptide of the invention to a
detectable substance. Examples of detectable substances inciude various enzymes,
prosthetic groups, fluorescent materials, luminescent materials, bioluminescent
materials, radioactive materials, positron emitting metals, and nonradioactive
paramagnetic metal ions. The detectable substance may be coupled or conjugated either
directly to the immunospecific polypeptide of the invention or indirectly, through an
intermediate (such as, for example, a linker known in the art) using techniques known in
the art. See, for example, U.S. Pat. No. 4,741,900 (hereby incorporated by reference in
its entirety) for metal ions which can be conjugated to antibodies for use as diagnostics
according to the present invention. Such diagnosis and detection can be accomplished
by coupling the polypeptide of the invention io detectable substances including, but not
limited to, various enzymes, enzymes including, but not limited to, horseradish
peroxidase, alkaline phosphatase, beta-galactosidase, or acetylcholinesterase; prosthetic
group complexes such as, but not limited to, streptavidin/biotin and avidin/biotin;
fluorescent materials such as, but not limited to, umbelliferone, fluorescein, fluorescein
isothiocyanate, rhodamine, dichlorotriazinylamine fluorescein, dansyl chloride or
phycoerythrin; luminescent material such as, but not limited to, luminol; bioluminescent

materials such as, but not limited to, luciferase, luciferin, and aequorin; radioactive

material such as, but not limited to, bismuth (*°Bi), carbon (“’*Q), chromium e,
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<400> 73 Trp Gly Arg Gin Ala Pro Arg Glu Gly Leu Glu Trp lle Gly 1510 <210> 74 <211> 14 <212>
PRT <213> Oryctolagus <400> 74 Trp Val Arg Gin Ala Pro Gly Lys Arg Leu Glu Trp lle Gly 1510
<210> 75 105002SEQLIST <211> 14 <212> PRT <213> Oryctolagus <400> 75 Trp Val Arg Gin Ala
Pro Gly Lys ¥R 1%8¥'&tP4rp Val Ala 1510 <210> 76 <211> 14 <212> PRYCEAER8)EIagus <400>
76 Trp Val Arg GIn Ala Pro Glu Lys Gly Leu Glu Trp lle Gly 1510 <210> 77 <211> 14 <212> PRT
<213> Oryctolagus <400> 77 Trp Val Arg Gin Ala Pro Gly Lys Gly Leu Glu Trp lle Ala 1510 <210> 78
<211> 14 <212> PRT <213> Oryctolagus <400> 78 Trp Phe Arg GIn Ala Pro Gly Lys Gly Leu Glu Trp
lle Ala 1510 <2db=l7 ¥¥Lb)> fidosiRd 28 PRTgsddidmartifitfaGetliaaye saB0m <8z Ofyaiplagus

<400> 79 Trp Fg AIGI 0233 HIQ S YRRl LSR8 gy 1y odine (1317, 1257,
1, 217, lanthanium (““La), hutetium (*""Lu), manganese (**Mn), molybdenum (*Mo),
palladium ('®Pd), phosphorous (**P), prascodymium (*’Pr), promethium ('*Pm),
rhenium ('*Re, '™Re), rhodium (‘“Rh), ruthemium (“'Ru), samarium ('*Sm),
scandiuin (47Sc), selentum ("Se), strontium (8581'}, sulfur (358), technetium (*°Tc),
thallium (1Ti), tin ("**Sn, !"’Sn), writium (H), xenon (***Xe), ytterbium ('vb, 1vb),
yitrium (*°Y), zine (®*Zn); positron emitting metals using various positron emission
tomographies, and nonradicactive paramagnetic metal ions. Additionally, any of the
above fracer radio metals may exhibit therapeutic effect when conjugated to an
immunospecific polypeptide in accordance with the methods of the invention.

An immunospecific polypeptide of the invention may be conjugated to a therapeutic
moiety such as a cytotoxin (e.g., a cytostatic or cyiocidal agent), a therapeutic agent or &
radioactive element (e.g., alpha-emitters, gamma-emitters, etc.). Cytotoxins or cytotoxic
agents include any agent that is detrimental to cells. Examples include paclitaxol,
cytochalasin B, gramicidin D, ethidium bromide, emetine, mitomycin, etoposide,
tenoposide, vincristine, vinblastine, colchicin, doxorubicin, daunorubicin, dihydroxy
anthracin dione, mitoxantrone, mithramycin, actinomycin D, I-dehydrotestosterone,
glucocdrticoids, procaine, tefracaine, lidocaine, propranclol, and puromycin and analogs
or homologs thereof. Therapeutic agents include, but are not limited to, antimetabolites
(e.g., methotrexate, 6-mercaptopurine, 6-thioguanine, cytarabine, 5-fluorouraci!
decarbazine), alkylating agents (e.g., mechlorethamine, thioepa chlorambucil,
melphalan, carmustine (BSNU) and lomustine (CCNU), cyclothohsphamide,‘ busulfan,
dibromomannitol, streptozotocin, mitomycin C, and cisdichlorodiamine platinum (II)
(DDP) cisplatin), antbracyclines (e.g., daunorubicin (formerly daunomycin)} and
doxorubicin), antibiotics (e.g., dactinomycin (formerly actinomyein), bleomycin,
mithramycin, and anthramycin (AMC)), and anti-mitotic agents (e.g., vincristine and
vinblastine).

In certain embodiments, the immunospecific polypeptide of the invention can be

conjugated to a therapeutic moiety such as siRNA usefu] for the ireatment or prevention

of diseases that are caused by over-expression or misexpression of genes and diseases

brought about by expression of genes that contain mutations. The mechanisms of
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1510 <210> 80 <211> 14 <212> PRT <213> Artificial Sequence <220> 105002SEQLIST <223>
Oryctolagus <400> 80 Trp Phe Arg Gin Ala Pro Gly Lys Glu Leu Glu Trp lle Gly 1 5 10 <210> 81

<211> 14 <212>PRT <213> Artificial Sequence <220> <223>
WO 2008/136694 PCT/PT2008/660018

siRNA activity and it mode of use are well known in the art, see, e.g., Provost et al.,
2002, EMBO J., 21: 5864-5874; Tabara et al., 2002, Cell 109:861-71; Ketting et al.,
2002, Cell 110:563; and Hutvagner & Zamore, 2002, Science 297:2056, each of which
1s hereby incorporated by reference herein in its entirety.

Moreover, an immunospecific polypeptide of the invention can be comjugated to
therapeutic moieties such as a radioactive materials or macrocyclic chelators useful for
conjugating radiometal ions (see above for examples of radioactive materials). In certain
embodiments, the macrocyclic chelator is 1,4,7,10-tetraazacyclodode’cane-}i,N‘,N",N“-
tetraacetic acid (DOTA) which can be attached to the antibody via a linker molecule.
Such linker molecules are commonly known in the art and described in Denardo et al.,
1998, Clin Cancer Res. 4:2483-90; Peterson et al., 1999, Bzoccnjug Chem 10:553; and
Zimmerman et al,, 1999, Nucl. Med. Biol. 26:943-50 each incorporated by reference in
their entireties.

The immunospecific polypeptide of the invention may be conjugated to a therapeutic
moiety that does not alter or modify biological response, but instead functions in
targeting and/or transport of the immunospecific polypeptide’ or fragment thereof.
Nonlimiting exampies of such moieties include protein A, G proteins, albumin, albumin
interacting peptides (e.g., gp60, gp30, gpi8; see, e.g., Schnitzer et al.,, 1992, J Biol
Chem 34:24544-24553); and protein transduction domains (see, e.g., Bogoyevitch et al,
2002, DNA Cell Biol 12:879-894) (each of the references cited above hereby
incorporated by reference herein in its entirety). Such moieties also include moties that
improve or increase the serum half-life of the immunospecific polypeptides of the
invention. Nonlimiting examples of moieties that increase or improve the serum half-
life of polypeptides include albumin and {fibronenctin, or active fragments thereof, as
well as albumin and/or fibronectine binding proteins, e.g., aIbumin and/or fibronectin
binding antibodies, or antigen binding fragments thereof (see, e.g., Holt et al., 2008,
Protein Eng Des Sel 21:238-288; Weimer et al., 2008, Thromb Haemost 99:659-667;
Yazaki et al.,, 2008, Nucl Med Biol 35:151-158; Huang et al., 2007, J Pept Sci 12:588-
595; and Stork et al., 2007, Protein Eng Des Sel 20:569-576, each of which is hereby
incorporated by reference in its entirety).

Techniques for conjugating such therapeutic moieties to polypeptides are well known;

see, e.g., Amon et al., "Monoclonal Aniibodies For Immunotargeting Of Drugs In
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Oryctolagus <400>81 Trp Phe Arg Gin Ala Pro Gly Lys Gly Arg Glu Trp lle Gly 1 5 10 <210> 82
<211>14 <212>PRT <213> Artificial Sequence <220>

W 2008/136694 PCT/PT2068/000018

Cancer Therapy", in Monoclonal Antibodies And Cancer Therapy, Reisfeld et al. (eds.),
1985, pp. 243-56, Alan R. Liss, Inc.); Hellstrom et al., "Antibodies For Drug Delivery",
in Controlled Drug Delivery (2nd Ed.), Robinson et al. {eds.), 1987, pp. 623-53, Marcel
Dekker, Inc.); Thorpe, "Antibody Carriers Of Cytotoxic Agents In Cancer Therapy: A
Review", in Monoclonal Antibodies '84: Biological And Clinical Applications, Pinchera
et al. (eds.), 1985, pp. 475-506); "Analysis, Results, And Future Prospective Of The
Therapeutic Use Of Radiolabeled Antibody In Cancer Thetapy", in Monoclonal
Antibodies For Cancer DetectionrAnd Therapy, Baldwin et al. (eds.), 1985, pp. 303-16,
Academic Press; and Thorpe et al., Immunol. Rev., 62:119-58, 1982 (each of which
reference 1s hereby incorporated herein by reference in its entirety).

The immunospecific polypeptide of the invention, or an epitope binding fragment
thereof, with or without a therapeutic moiety conjugated to it, administered éldne or in
combination with cytotoxic factor(s) and/or cytokine(s) can be used as a prophylactic or
therapeutic.

Altematively, an immunospecific polypeptide of the invention can be conjugated to a
second antibody to form an antibody heteroconjugate as described by Segal in U.S. Pat.
No. 4,676,980, which is incorporated herein by reference in its entirety.

Molecules of the invention may also be attached to solid supports, which are
particularly useful for immunoassays or purification of the target antigen. Such solid
supports include, but are not limited to, glass, cellulose, polyacrylamide, nylon,
polystyrene, polyvinyl chloride or polypropylene.

The invention also encompasses the use of liposomes for prolonging or increasing the
serum half-life of molecules of the invention. In certain embodiments an
immunospecific molecule of the inention of the invention, e.g., comprising a Vi or Vy
domain, may be conjugated to liposomes using previously described methods, see, e.g.,
Martin er al., 1982, J. Biol. Chem. 257: 286-288, which is incorporated herein by
reference in its entirety. The invention thus encompasses methods of preparing
liposomes with a prolonged serum half-life, i.e., enhanced circulation time, such as
those disclosed in U.S. Patent No, 5,013,556, Preferred liposomes used in the methods
of the invention are not rapidly cleared from circulation, 7.e., are not taken up into the
mononuclear phagocyte system (MPS). The invention encompasses sterically stabilized

liposomes which are prepared using common methods known to one skilled in the art.
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<223> Oryctolagus <400>82 Trp Phe Arg Gin AlaPro Gly Lys Gly LeuGluGly lle Gly 15 10
<210> 83 <211> 14 <212>PRT <213> Artificial Sequence <220>

WO 2008/136694 PCT/PT2008/000018

Although not intending to be bound by a particular mechanism of action, sterically
stabilized liposomes contain lipid components with bulky and highly flexible
hydrophilic moieties, which reduces the unwanted reaction of liposomes with serum
proteins, reduces oposonization with serum components and reduces recognition by
MPS. Sterically stabilized liposomes are preferably prepared using polyethylene glycol.
For preparation of liposomes and sterically stabilized liposome see, e.g., Bendas ef al.,
2001 BioDrugs, 15(4): 215-224; Allen et al., 1987 FEBS Lett. 223: 42-6; Klibanov et
al., 1990 FEBS Lett., 268: 235-7; Blum et al., 1990, Biochim. Biophys. Acta., 1029: 91-
7; Torchilin .ef al., 1996, J. Liposome Res. 6: 99-116; Litzinger et al., 1994, Biochim.
Biophys. Acta, 1190: 99-107; Maruyama ef al., 1991, Chem. Phiarm, Bull., 39: 1620-2;
Klibanov er al., 1991, Biochim Biophys Acta, 1062; 142-8; Allen et al., 1994, Adv.
Drug Deliv. Rev, 13: 285-309; all of which are incorporated herein by reference in their
entirety. The invention also encompasses liposomes that are adapted for specific organ
targeting, see, e.g., U.S. Patent No. 4,544,545, or specific cell targeting, see, e.g., U.S.
Patent Application Publication No. 2005/0074403. Particularly useful liposomes for use
in the compositions and methods of the invention can be generated by reverse phase
evaporation method with a lipid composition comprising phosphatidylcholine,
cholesterol, and PEG derivatized phosphatidylethanolamine (PEG-PE). Liposomes are
extruded through filters of defined pore size to yield liposomes with the desired
diameter.
5.5  Preparation and Characterization of Polypeptides of the Invention

The immunospecific polypeptides, or fragments thereof, of the invention may be
characterized for specific binding to an antigen and/or epitope using any immunological
or biochemical based method known in the art for characterizing binding pair
interactions. Specific binding of an immunospecific polypeptide of the invention to an
antigen and/or epitope may be determined for exzample using immunological or
btochemical based methods including, but not limited to, an ELISA assay, surface
plasmon resonance assays, immunoprecipitation assay, affinity chromatography, and
equilibrium dialysis. Immunoassays which can be used to analyze immunospecific
binding and cross-reactivity of the molecules of the invention include, but are not
limited to, competitive and non-competitive assay systems using techniques such as

western blots, radiotmmunoassays, ELISA. (enzyme linked immunosorbent assay),
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<223> Oryctolagus <400>83 Trp Val Arg Gin Ala Pro Gly Lys Glu Leu Glu Trplle Gly 1 5 10
<210> 84 <211>14 <212>PRT <213> Artificial Sequence <220>

WO 2008/136694 PCT/PTI008/0060018

"sandwich" immunoassays, immunoprecipitation assays, precipitin reactions, gel
diffusion precipitin reactions, immunodiffusion assays, agglutination assays,
complement-fixation assays, immunoradiometric assays, fluorescent immunocassays,
protein A immunoassays, to name but a few. Such assays are routine and well known in
the art’(see, e.g., Ausubel et al., eds, 1994, Current Protocols in Moleéular Biology, Vol.
1, John Wiley & Sons, Inc., New York, which is incorporated by reference herein in its
entirety).

Immunospecific polypeptides, or fragments thereof, of the invention may also be
assayed using any surface pla:smon resonance based assays known in the art for
characterizing the kinetic parameters of the interaction of the immunospecific protein
with an antigen and/or epitope of interest. Any SPR instrument commercially available
mcluding, but not limited to, BlAcore Instruments, available from Biacore AB
(Uppsala, Sweden); 1Asys instruments available from Affinity Sensors (Franklim,
Mass.); IBIS system available from Windsor Scientific Limited (Berks, UK), SPR-
CELLIA systems available from Nippon Laser and Electronics Lab (Hokkaido, Japan),
and SPR Detector Spreeta available from Texas Instruments (Dallas, Tex.) can be used
in the instant invention. For a review of SPR-based technology see Mullet et al., 2000,
Metha&s 22: 77-91; Dong et al., 2002, Review in Mol. Biotech., 82:303-23; Fivash et
al., 1998, Current Opinion in Biotechnology 9: 97-101; Rich et al., 2000, Current
Opinion in Biotechnology 11: 54-61; all of which are incorporated herein by reference
in their entirety. Additionally, any of the SPR instruments and SPR based methods for
measuring protein-protein interactions described in U.S. Pat. Nos. 6,373,5 77;‘6,289,286;
5,322,7198; 5,341,215; 6,268,125 are contemnplated in the methods of the invention, all
of which are incorporated herein by reference in their entirety.

Briefly, SPR based assays involve immobilizing a member of a binding pair on a
surface, and monitoring its interaction with the other member of the binding pair in
solution in real time. SPR is based on measuring the change in refractive index of the
solvent near the surface that occurs upon complex formation or dissociation. The
surface onto which the immobilization occur is the sensor chip, which is at the heart of
the SPR technology; it consists of a glass surface coated with a thin layer of gold and
forms the basis for a range of specialized surfaces designed to optimize the binding of a

molecule to the surface. A variety of sensor chips are commercially available especially
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<223> Oryctolagus <400> 84 Trp Val Arg Gin Ala Pro Gly Lys Glu Arg Glu Trp lle Gly 1510
1050025EQLIST <210> 85 <211> 14 <212> PRT <213> Artificial Sequence <220> <223> Oryctolagus

<400> 85 Trp Val Arl% Gin Ala Pro Gly Lys Glu Leu Glu Gly lle Gly 1 5 10 <210>86 <211>14
<212> 0 2008/136694 PCT/PT2008/000018

from the companies listed supra, all of which may be used in the methods of the
invention. Nonlimiting examples of sensor chips include those available from BiAcore
AB, Inc., e.g., Sensor Chip CMS5, SA, NTA, and HPA. A molecule of the invention
may be immobilized onto the surface of a sensor chip using any of the immobilization
methods and chemistries known in the art, including but not limited to, direbt covalent
coupling via amine groups, direct covalent coupling via sulfhydryl groups, biotin
attachment to avidin coated surface, aldehyde coupling to carbohydrate groups, and
attachment through the histidine tag with NTA chips

55.1 Polynucleotides Encoding the Immunospecific Polypeptides of

the Invention

The present invention also includes polynucleotides that encode the immunospecific
polypeptides of the invention (e.g., polypeptides comprising a rabbit Vy or V;I_ domain,
comprising one or more CDRs identified by the methods of the invention, comprising
amino acid scaffold sequences or amino acid scaffold residues, etc.) or other
immunospecific polypeptides or fragments thereof produced by the methods of the
invention, and humanized versions thereof, and methods for producing same.
The methods of the invention also encompass polynucleotides that hybridize under
various stringency, e.g., high stringency, intermediate or lower stringency conditions, to
polynucleotides that encode en immunospecific polypeptide of the invention. The
hybridization can be performed under various conditions of stringency. By way of
example and not limitation, procedures using conditions of low stringency are as
follows (see also Shilo and Weinberg, 1981, Proc. Nail. Acad. Sci, U.S.A. 78, 6789-
6792). Filters containing DNA are pretreated for 6 h at 40° C. in a solution containing
35% formamide, 5 X SSC, 50 mM Tris-HCI (pH 7.5), 5 mM EDTA, 0.1% PVP, 0.1%
Ficoll, 1% BSA, and 500pg/ml denatwred salmon sperm DNA. | I—beridizétions are
carried out in the same solution with the following modifications: 0.02% PVP, 0.02%
Ficoll, 0.2% BSA, 100 pg/ml salmon sperm DNA, 10% (wt/vol) dextran sulfate, and 5-
20 X 10° cpm *P-labeled probe is used. Filters are incubated in hybridization mixture
for 18-20 h at 40°. C., and then washed for 1.5 h at 55° C, in a solution containing 2 X
SSC, 25 mM Tris-HCI (pH 7.4),:5 mM EDTA, and 0.1% SDS. The wash solution is
replaced with fresh solution and incubated an additional 1.5 h at 60° C. Fiiters are

blotted dry and exposed for autoradiography. If necessary, filters are washed for a third
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time at 65-68° C. and re-exposed to film. Other conditions of low stringency which
may be used are well known in the art (e.g., as employed for cross-species
hybridizations). By way of example and not limitation, procedures using conditions of
high striﬁgency are as follows. Prehybridization of filters containing DNA is carried out
for 8 h to overnight at 65° C. in buffer composed of 6 X SSC, 50 mM Tris-HCI (pH
7.5), 1 mM EDTA, 0.02% PVP, 0.02% Ficoll, 0.02% BSA, and 500 pg/m] denatured
salmon sperm DNA, Filters are hybridized for 48 h at 65° C. in prehybridization
mixture containing 100 pg/ml denatured satmon sperm DNA and 5-20 X 10° cpm of
32p.Jabeled probe. Washing of filters is done at 37°. C. for 1 h in a solution containing 2
X SSC, 0.01% PVP, 0.01% Ficoll, and 0.01% BSA. This is followed by a wash in 0.1
X SSC at 50° C for 45 min before autoradiography. Other conditions of high stringency
which may be used are well known in the art. Selection of appropriate coxiditions for
such stringencies is well known in the art (see e.g., Sambrook et al., 1989, Molecular
Cloning, A Laboratory Manual, 2d Ed., Cold Spring Harbor Laboratory Press, Cold
Spring Harbor, N.Y ; see also, Ausubel et al., eds., in the Current Protocols in Molecular
Biology series of laboratory technique manuals, .COPYRGT. 1987-1997, Current
Protocols, .COPYRGT. 1994-1997 John Wiley and Souns, Inc.; see especially, Dysoﬁ,
1991, "Immobilization of nucleic acids and hybridization analysis," In: Essential
Molecular Biology: A Practical Approach, Vol. 2, T. A. Brown, ed., pp. 111-156, IRL
Press at Oxford University Press, Oxford, UK) (each of which is hereby incorporated by
reference herein in its entirety).

The polynucleotides may be obtained, and the nucleotide sequence of the
polynucleotides determined, by any method known in the art.

A polynucleotide encoding an immunospecific polypeptide of the invention may be
generated from nucleic acid from a suitable source (e.g., a ¢<DNA library generated
from, or nucleic acid, preferably poly A+ RNA, isolated from, any tissue or cells
expressing the rabbit antibodies, in particular, rabbit variable domains, such as plasma
cells) by hybridization with immunoglobulin specific probes and/or PCR amplification
using synthetic primers hybridizable to the 3' and 5' ends of the variable domain
sequencé or by cloning using an oligonucleotide probe specific for the particular gene

sequence to identify, e.g., a ¢cDNA clone from a cDNA library that encodes the
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antibody. Amplified nucleic acids generated by PCR may then be cloned into replicable
cloning vectors using any method well known in the art.
Once the nucleotide sequence of the immunospecific polypeptide of the invention is
determined, it may be manipulated using methods well known in the art for the
manipulation of nucleotide sequences, e.g., recombinant DNA tecl;niqués, si:ce dirééted
mutagenesis, PCR, etc. (see, for example, the techniques described in Sambrook et al,,
1990, Molecular Cloning, A Laboratory Manual, 2d Ed., Cold Spring Harbor
Laboratory, Cold Spring Harbor, N.Y. and Ausubel et al., eds., 1998, Corrent Protocols
in Molecular Biology, John Wiley & Sons, NY, which are both incorporated by
reference herein in their entireties), to generate molecules of the invention having a
different amino acid sequence, for example to create amino acid substitutions, deletions,
and/or insertions.
In a specific embodiment, one or more of the rabbit CDRs identified by the methods of
the in§enﬁon are inserted within heterologous framework regions using routine
recombinant DNA techniques. The framework regions may be naturally occurring or
consensus framework regions, and preferably human framework regions (see, e.g.,
Chothia et al., 1998, I. Mol. Biol. 278: 457-479 for a listing of human framework
regioﬁs). Preferably, the polynucleotide generated by the combinati;on of the framework
regions  and CDRs encodes an immunospecific polypeptide, e.g., antibody, that
specifically binds to the antigen and/or epitope of interest. Preferably, as discuésed
sypra, one Or more amino acid substitutions may be made within the framework
regions, and, preferably, the amino acid substitutions improve binding of the antibodies
of the invention to said antigen and/or epitope. .
In another embodiment, libraries or rabbit immunoglobulins or immunoglobulin
variable domains or any other rabbit libraries available in the art, can be screened by
standard technigues known in the art, to clone the nucieic acids encoding the
immunospecific polypeptides of the invention.

5.5.2 Recombinant Expression of Immunospecific Polypeptides of

the Invention.

Once a nucleic acid sequence encoding an molecule of the invention has been obtained,
the vector for the production of the immunospecific polypeptide may be produced by

recombinant DNA technology using techniques well known in the art. Methods which
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are well known to those skilled in the art can be used to construct expression vectors
containing the coding sequences of the polypeptides of the invention and appropriate
transcriptional and translational control signals. These methods include, for example, in
vitro recombinant DNA techniques, synthetic techpiques, and in vive genetic
recombination. (See, for example, the techniques described in Sambrook et al., 1990,
Molecular Cloning, A Laboratory Manual, 2d Ed., Cold Spring Harbor Laboratory,
Cold Spring Harbor, N.Y, and Ausubel et al. eds., 1998, Current Protocols in Molecular
Biology, John Wiley & Sons, NY).

An expression vector comprising the nucleotide sequence of an immunospecific
polypeptide of the invention can be transferred to a host cell by conventional téchniques
(e.g., electroporation, liposomal transfection, and calcium phosphate precipitation) and
the transfected cells are then cultured by conventional techniques to produce the
polypeptide of the invention. In specific embodiments, the expression of the polypeptide
is regulated by a constitutive, an inducible or a tissue, specific promoter.

The host cells used to express the recombinant immunospecific polypeptides of the
invention may be either bacterial cells such as Escherichia col,z:, or, preferably,
eukaryotic cells, especially for the expression of whole recombinant immunoglobulin
molecule. In particular, mammalian cells such as Chinese hamster ovary celis (CHO),
in conjunction with a vector such as the major intermediate early gene promoter element
from human cytomegalovirus is an effective expression system for immunoglobulins
(Foecking et al., 1998, Gene 45:101; Cockett et al., 1990, Bio/Technology 8:2).

A variety of host-expression vector systems may be utilized to express the
immunospecific polypeptides of the invention. Such host-expression systems represent
vehicles by which the coding sequences of the polypeptides may be produced and
subsequently purified, but also represent cells which may, when transformed or
transfected with the appropriate nucleotide coding sequences, express the polypeptides
of the invention in situ. These include, but are not limited to, microorganisms such as
bacteria (e.g., E. coli and B. subtilis} transformed with recombinant bacteriophage
DNA, plasmid DNA or cosmid DNA expression vectors containing polypeptide coding
sequences; yeast {(e.g., Saccharomyces Pichia) transformed with recombinant yeast
expression vectors containing polypeptide coding sequences; insect cell systems

infected with recombinant virus expression vectors (e.g., baculovirus) containing the
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polypeptide coding sequences; plant cell systems infected with recombinant virus
expression vectors (e.g., caulifiower mosaic virus {CaMV) and tobacco mosaic virus
(TMV)) or transformed with recombinant plasmid expression vectors (e.g., Ti plasmid)
containing polypeptide coding sequences; or mammalian cell systems (e.g., COS, CHO,
BHK, 2_;93, 293T, 3T3 cells, lymphotic cells (see U.S. Pat. No, 5,807,715), Per C.6 cells
(rat retinal cells developed by Crucell)) harboring recombinant expression constructs
containing promoters derived from the genome of mammalian cells (e.g.,
metallothionein promoter) or from mammalian viruses {e.g., the adenovirus late
promoter; the vaccinia virus 7.5K promoter).

In bacterial systems, a number of expression vectors may be advantageously selected
depending upon the use intended for the immunospecific polypeptide being expressed.
For example, when a large quantity of such a protein is to be produced, for the
generation of pharmaceutical compositions of an immunospecific polypeptide of the
invention, vectors which direct the expression of high levels of fusion protein products
that are readily purified may be desirable. Such vectors include, but are not limited, to
the E. coli expression vector pUR278 (Ruther et al., 1983, EMBO J. 2:1791), in which
the immunospecific polypeptide coding sequence may be ligated individually into the
vector in frame with the lac Z coding region so that a fusion protein is produced; pIN
vectorsl(lnouye & Inouye, 1985, Nucleic Acids Res. 13:3101-3109; Van Heeke &
Schuster, 1989, I. Biol. Chem. 24:5503-5509); and the like. pGEX vectors may also be
used to express foreign polypeptides as fusion proteins with glutathione S-transferase
(GST). In general, such fusion proteins are soluble and can easily be purified from
lysed cells by adsorption and binding to a matrix glutathione-agarose beads followed by
elution in the presence of free gluta-thione. The pGEX vectors are designed to include
thrombin or factor Xa protease cleavage sites so that the cloned target gene product can
be released from the GST moiety. .

In an insect system, Autographa californica nuclear polyhedrosis virus (AcNPVY} is used
as a vector to express foreign genes. The virus grows in Spodoptera frugiperda cells,
The immunospecific polypeptide coding sequence may be cloned individually into non-
essential regions (e.g., the polyhedrin gene) of the virus and placed under control of an

AcNPV promoter (e.g., the polyhedrin promoter).
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In mammalian host cells, a number of viral-based expression systems may be utilized.
In cases where an adenovirus is used as an expression vector, the immunospecific
poly‘peptide coding sequence of interest may be ligated to an adenovirus
transcription/translation control complex, e.g., the late promoter and tripartite leader
sequence. This chimeric gene may then be inserted in the adenovirus genome by in
vitro or in vivo recombination. Insertion in a non-essential region of the viral genome
(e.g., region E1 or E3) will result in a recombinant virus that is viable and capable of
expressing the immunospecific polypeptide molecule in infected hosts. (e.g., see Logan
& Shenk, 1984, Proc. Natl. Acad. Sci. USA 8§1:355-359). Specific initiation signals
may also be required for efficient translation of inserted antibody coding sequences.
These signals include the ATG initiation codon and adjacent sequences. Furthermore,
the initiation codon must be in phase with the reading frame of the desired coding
sequence to ensure translation of the entire insert. These exogenous translational
control signals and initiation codons can be of a variety of origins, both natural and
synthetic. ‘The efficiency of expression may be enhanced by the inclusion of
appropriate transcription enhancer elements, franscription terminators, etc. (see Bittner
et al., 1987, Methods in Enzymol. 153:51-544).

In addition, a host cell strain may be chosen which modulates the expression of the
inserted sequences, or modifies and processes the gene product in the specific fashion
desired. Such modifications (e.g., glycosylation) and processing {(e.g., cleavage) of
protein products may be important for the function of the protein. Different host cells
have characteristic and specific mechanisms for the post-translational processing and
modification of proteins and gene products. Appropriate cell lines or host systems can
be chosen to ensure the correct modification and processing of the foreign protein
expressed. - To this end, eukaryotic host cells which possess the cellular machinery for
proper processing of the primary transcript, glycosylation, and phosphorylation of the
gene product may be nsed. Such mammalian host cells include but are not limited to
CHO, VERY, BHK, Hela, COS, MDCK, 293, 293T, 3T3, W138, BT483, Hs578T,
HTB2, BT20 and T47D, CRL7030 and Hs578Bst.

For long-term, high-yield prod,potion of recombinant proteins, stable expression is
preferred. For example, cell lines which stably express an immunospecific polypeptide

of the invention may be engineered. Rather than using expression vectors which
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contain viral origins of replication, host cells can be transformed with DNA controlled
by appropriate expression control elements (e.g., promoter, enhancer, sequences,
transcription t{erminators, polyadenylation sites, etc.), and a selectable marker.
Followiﬁ‘g' the introduction of the foreign DNA, engineered cells may be allowed to
grow for 1-2 days in an enriched media, and then are switched to a selective media. The
selectable marker in the recombinant plasmid confers resistance to the selection and
allows cells to stably integrate t"i_w plasmid into their chromosomes and grow to form
foci which in turn can be cloned and expanded into cell lines. This method may
advantageously be used to engineer cell lines which express the immunospecific
poiypeptide of the invention. Such engineered cell lines may be particularly useful in
screening and evaluation of compounds that interact directly or indirectly with the
immunospecific polypeptide of the invention. |

A number of selection systems may be used, including but not limited to the herpes
simplex virus thymidine kinase (Wigler et al., 1977, Cell 11:223), hypoxanthine-
guanine phosphoribosyltransferase (Szybalska & Szybalski, 1992, Proc. Natl. Acad. Sci.
USA 48:202), and adenine phosphoribosyliransferase (Lowy et al., 1980, Cell 22:817)
genes can be emploved in tk-, hgprt- or aprt-cells, respectively. Also, aniimetabolite
resistance can be used as the basis of selection for the following genes: dhir, which
confers resistance to methoirexate (Wigler et al., 1980, Proc. Natl. Acad. Sci. USA
77:357; O'Hare et al., 1981, Proc. Natl. Acad. Sci. USA 78:1527); gpt, which confers
resistance to mycophenolic acid fMuIIigan & Berg, 1981, Proc. Natl. Acad. Sci. USA
78:2072), neo, which confers resistance to the aminoglycoside G-418 Clinical
Pharmacy 12:488-505; Wu and Wu, 1991, 3:87-95; Tolstoshev, 1993, Ann. Rev.
Pharmacol. Toxicol. 32:573-596; Mulligan, 1993, Science 260:926-932; and Morgan
and Anderson, 1993, Ann. Rev, Biochem. 62:191-217; May, 1993, TIB TECH
11(5):155-215). Methods commonly known in the art of recombinant DNA technology
which can be used are described in Ausubel et al. (eds.), 1993, Current Protocols in
Molecular Biology, John Wiley & Somns, NY; Kriegler, 1990, Gene Transfer and
Expression, A Laboratory Manual, Stockton Press, NY; and in Chapters 12 and 13,
Dracopoli et al. (eds), 1994, Current Protocols in Human Genetics, John Wiley & Sons,
NY.; Colberre-Garapin et al., 1981, J. Mol. Biol. 150: 1; and hygro, which confers
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resistance to hygromycin (Santerre et al., 1984, Gene 30:147) (each of the above
references hereby incorporated in their entireties).
The expresszon levels of an immunospecific polypeptide of the invention can be
increased by vector amplification (for a review, see Bebbington and Hentschel The use
of vectors based on gene amplification for the expression of cloned genes in mammalian
qeﬂs in DNA cloning, Vol. 3. {Academic Press, New York, 1987)). When a marker in
the vector system expressing an immunospecific polypeptide is amplifiable, increase in
the level of inhibitor present in culture of host cell will increase the number of copies of
the marker gene. Since the ampiiﬁed region is associated with the nucleotide sequence
of the immunospecific polypeptide of the invention, production of the immunospecific
polypeptide will also increase (Crouse et al., 1983, Mol. Cell. Biol. 3:257) (each of the
above references hereby incorporated in their entireties).
The host cell may be co-transfected with two expression vectors of the invention, the
first vector encoding a heavy chain derived polypeptide and the second vector encoding
a light chain derived polypeptide. The two vectors may contain identical selectable
markers which enable equal expression of heavy and light chain poiypeptides.
Alternatively, a single vector may be used which encodes both heavy and light chain
polypeptides. In such situations, the light chain should be placed before the heavy chain
to avoid an excess of toxic free heavy chain (Proudfoot, 1986, Nature 322:52; Kohler,
1980, Proc. Natl. Acad. Sci. USA 77:2197). The coding sequences for the heavy and
light chains may comprise ¢cIINA or genomic DNA.
Once the immunospecific polypeptide of the invention has been recombinantly
expressed, it may be purified by any method known in the art for purification of an
immunospecific polypeptide, for example, by chromatography (e.g., ton exchange,
affinity, particularly by affinity for the specific antigen after Protein A, and sizing
column chmmatography), centrifugation, differential solubility, or by any other standard
technique for the purification of proteins.

5.6 Prophyiactie and Therapeutic Methods
Immunospecific polypeptides of the present invention that function as a prophylactic
and or therapeutic agents against a disease, disorder, or infection can be administered to
an animal, preferably a mammal, and most preferably a human, to treat, prevent or

ameliorate one or more symptoms associated with the disease, disorder, or infection.
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Thr Ala Ala Asp;-eveni;ion or management of a disease, disorder, or infection. In certgin embodiments,
one or more immunospecific polypeptides of the invention are administered to a
mammal, preferably a human, concurrently with one or more other therapeutic agents
useful for the treatment of a disease. The term "concurrently” is not lmited to the
adrninistration of prophylactic or therapeutic agents at exactly the same time, but rather
it is meant that immunospecific polypeptides of the invention and the other agent are
administered to a subject in a sequence and within a time interval such that the
immunospecific polypeptides of the invention can act together with the other agent to
provide an increased benefit than if they were administered otherwise. For example,
each prophylactic or therapeutic agent may be administered at the same time or
sequentially in any order at different poinis in time; however, if not administered at the
same time, they should be administered sufficiently close in time so as to provide the
desired therapeutic or prophylactic effect. Each therapeutic agent can be administered
separately, in any appropriate form and by any suitable route. ‘_
In various embodiments, the prophylactic or therapeutic agents are édministered less
than 1 hour apart, at about 1 hour apart, at about 1 hour to about 2 hours apart, at about
2 hours to about 3 hours apart, at about 3 hours to about 4 hours apart, at about 4 hours
to aﬁout 5 hours apart, at about 5 hours to about 6 hours apart, at about 6-hours to about
7 hours apart, at about 7 hours to about & hours apart, at about 8 hours to about 9 hours
apart, at about 9 hours to about 10 hours apart, at about 10 hours to about 11 ‘hours
apart, at about 11 hours to about 12 hours apart, no more than 24 hours apart or no more
than 48 hours apart. In preferred embodiments, two or more components are
administered within the same patient visit. ‘_
The dosage amounts and frequencies of administration provided herein are
encompassed by the terms therapeutically effective and prophylactically effective. The
dosage and frequency further will typically vary according to factors specific for each
patient .depending on the specific therapeutic or prophylactic agents administered, the
severit}.r and type of disease, the route of administration, as well as age, body weight,
response, and the past medical history of the patient. Suitable regimens can be selected

by one skilled in the art by considering such factors and by following, for example,
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202530 Thr Ala Thr Tyr Phe cys Ala Arg 3540 <210> 98 <211> 37 <212> PRT <213> Oryctolagus
<400> 98 Tyr Ala Ser Trp Ala Lys Gly Arg Phe Thr lle Ser Lys Thr ser Thr 151015 Thr Val Asp Leu Lys
lle Thr Ser Pro Thr Thr Glu Asp Thr Ala Thr 202530 Tyr Phe Cys Ala Ser 35 <210> 99 <211> 40
<212> PRT ¥218BGblagus <400> 99 Tyr Ala ser Trp Ala Glu Gly Ard PHETZUFHEE, Lys Ala Ser
Ser 151015 Thr Thr val Thr Leu Gin Met Glu Thr Thr Ser Leu Thr Ala Ala Asp 202530 Thr Ala Thr Tyr
Phe Cys Ala Arg 3540 <210> 100 <211> 37 <212> PRT <213> oryctolagus <400> 100 Tyr Ala Asn
Trp Ala Lys Gly Arg Phe Thr lle Ser Lys Thr ser Thr 151015 105002SEQLIST Thr val Asp Leu Lys lle

Thr ser Pro ThiThi-Glb,ASed TR &Eha0 a8 et RBedey s\l ArgshBan2d Orsk(lefcddder 40 <212>
PRT <213> Ogg&oégg%%{%ow 101 Tyr Ala Ser Trp Pro Gin Gly Arg Phe Thr lle Ser Val Thr Ser Ser
151015 " :

5.7  Compositions and Methods of Administering

The invention provides methods and pharmaceutical compositions comprising the
immunospecific polypeptides of the invention. The invention also provides methods of
treatment, prophylaxis, and amelioration of one or more symptoms 5ssociated with a
disease, disorder or infection by administering to a subject an effective amount of a
fusion protein or a conjugated molecule of the invention, or a pharmaceutical
composition comprising a fusion protein or conjugated molecules of the invention. Ina
preferred aspect, an immunospecific polypeptide or fusion protein or conjugated
molecule, is substantially purified (i.e., substantially free from substances that limit its
effect or produce undesired side-effects). In a specific embodiment, the subject is an
animal, preferably a mammal such as non-primate (e.g., cows, pigs, horses, cats, dogs,
rais etc.) and a primate (e.g., monkey such as, a cynomolgous monkey and a human). In
a preferred embodiment, the subject is a human.

Various delivery systems are known and can be used to administer a composition
comprising immunospecific ‘polypeptides of the invention, e.g., encapsulation in
liposomes, microparticles, microcapsules, recombinant cells capable of expressing the
immunbspeciﬁc polypeptide or fusion protein, receptor-mediated enddcytosis (See, e.g.,
Wu and Wu, 1987, I. Biol. Chem. 262:4426-4432), construction of a nucleic acid as part
of a retroviral or other vector, eic.

Methods of administering an immunospecific polypeptide of the invention include, but
are not limited to, parenteral administration (e.g., infradermal, intrémuscular,
intraperitoneal, intravenous and subcutaneous), epidural, and mucosal {e.g., intranasal
and oral rontes). In a specific embodiment, the immunospecific polypeptides of the
invention are administered intramuscularly, intravenously, or subcutaneously. The
compositions may be administered by any convenient route, for example, by infusion or
bolus injection, by absorption through epithelial or mucocutaneous linings (e.g., oral
rucosa, rectal and intestinal mucosa, etc.) and may be administered together with other
biologically active agents. Administration can be systemic or local. In addition,
pulimonary administration can also be employed, e.g., by use of an inhaler or nebulizer,

and formulation with an aerosolizing agent. See, ¢.g., U.S. Pat. Nos. 6,019,968; 5,985,
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Thr Thr Val Thr Leu Gin Met Glu Thr Thr Ser Leu Thr Ala Ala Asp 202530 Thr Ala Thr Tyr Phe Cys Ala
Lys 3540 <210> 102 <211> 37 <212> PRT <213> Oryctolagus <400> 102 Tyr Ala Ser Trp Ala Lys Gly
Arg Phe Thr lle Ser Gin Thr Ser Thr 151015 Thr Val Asp Leu Lys lle Thr Ser Pro Thr Thr Glu Asp Thr
Ala Thr 202898 PV BAEtys Ala Arg 35 <210> 103 <211> 40 <212> PRTSAZIBRI agus <400>
103 Tyr Ala Thr Trp Ala Lys Gly Arg Phe Thr lle Ser Lys Pro Ser Ser 151015 Thr Thr Val Thr Leu Gin
Met Glu Thr Thr Ser Leu Thr Ala Ala Asp 202530 Thr Ala Thr Tyr Phe Cys Ala Arg 3540
105002SEQLIST <210> 104 <211> 40 <212> PRT <213> Oryctolagus <400> 104 Tyr Ala Asn Trp Ala
Lys Gly Arg Phe; Bwdk3ata kywsd hrfes, Sarokdl G183 STir3Th 2%al shot hed GE30eRGkad MCThr Ser Leu
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99/66903, each of which is incorporated herein by reference in its entirety.
The immunospecific molecules of the invention may be delivered in a sustained release
formulation. The formulations Ii)rovide extended release and extended half-life of
administered therapeutic polypeptides. Controlled release systems suitable for use
include, without Hmitation, diffusion-controlled, solvent-controlled and chemically-
controlled: systems, Diffusion conirolled systems .inciude, for example reservoir
devices, in which the immun'ospeciﬁc molecules of the invention are enclosed within 2
device such that release of the molecules is controlled by permeation through a
difussion barrer. Common reservoir devices include, for example, membranes,
capsules, microcapsules, liposomes, and hollow fibers. Monolithic (matrix) device are a
second type of diffusion controlled system, wherein the immunospecific molecules are
dispersed or dissolved in an rate-controlling matrix (e.g., a polymer matrix). The
immunospeciﬁc molecules of the invention are homogeneously dispersed throughout a
rate-controlling matrix and the rate of release is controlled by diffusion through the
matrix. Polymers suitable for use in the monolithic matrix device include naturally
occurring polymers, synthetic polj?mers and synthetically modified natural polymers, as
well as polymer derivatives.
The amount of the composition of the invention which will be effective in the treatment,
prevention or amelioration of one or more symptoms associated with a disorder can be
determined by standard clinical technigues. The precise dose to be employed in the
formulation will also depend on the route of administration, and the seriousness of the
condition, and should be decided according to the judgment of the practitioner and each
patient's circumstances. Effective doses may be extrapolated from dose-response curves
derived from in vitro or animal modei test systems.
Generally, humanized immunospecific polypeptides, e.g., antibodies, have a longer
half-life within the human body than immunospecific polypeptides, ¢.g., antibodies

- from other species due to the immune response to the foreign polypeptides. Thus, lower
dosages of humanized immunospecific polypeptides, e.g., antibodies, and less frequent
administration is often possible. Further, the dosage and frequency of administration of

immunospecific polypeptides of the invention or fragments thereof may be reduced by
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151015 Thr val Asp Leu Lys lle Thr Ser Pro Thr Thr Glu Asp Thr Ala Thr 202530 Tyr Phe Cys Ala Arg
35 <210> 106 <211> 37 <212> PRT <213> Oryctolagus <400> 106 Tyr Pro Ser Trp Val Asp Gly Arg
Phe Thr lle Ser !i_ﬁys Thr Ser Thr 151015 Thr Val Asp Leu Lys lle Thr Ser Pro Thr Thr Glu Asp Thr Ala
Thr 202530 YW PiEIE&Ala Arg 35 <210> 107 <211> 39 <212> PRT <2HEYBAIMEMYIE
105002SEQLIST <400> 107 Tyr Ala AS Trp Val Thr Gly Arg Phe Thr lle Ser Ser His Asn Ala 151015
GIn Asn Thr Leu Tyr Leu GIn Leu Asn Ser Leu Thr Ala Ala Asp Thr 202530 Ala Thr Tyr Phe Cys Ala
Arg 35 <210> 108 <211> 37 <212> PRT <213> Oryctolagus <400> 108 Tyr Ala Asn Trp Ala Lys Gly

A9 Cys Thr I BEE S P SeidTResho 1T\ A anksudseienddi Reio sl Bhriiu Asp Thr
Ala Thr 202530 Tyr Phe 'Cys Ala Pro 35 <210> 109 <211> 39 <212> PRT <213> Oryctolagus <400>

109 Tyr Ala THFaplacaigEoR 1A G PRERRr lle Ser Ser His Asn Ala
In a specific embodiment, it may be desirable to administer ‘the pharmaceutical

compositions of the invention locally to the area in need of treatment; this may be
achieved by, for example, and not by way of limitation, local infusion, by injection, or
by means of an implant, said implant being of a porous, non-porous, or gélatinous
material, including membranes, such as sialastic membranes, or fibers. Preferably,
when administering an immunospecific polypeptide of the invention, care must be taken
to uge materials to which the immunospecific polypeptide or the fusion protein does not
absorb,
Treatment of a subject with a therapeutically or prophylactically effective amount of the
immunospecific polypeptides of the invention can include a single treatment or,
preferably, can include a series of treatments. The pharmaceutical compositions of the
invention may be administered once a day, twice a day, or three times a day. In other
embodiments, the pharmaceutical compositions may be administered once a week,
twice a week, once every two weeks, once a month, once every six weeks, once every
two months, twice a year or once per year. It will also be appreciated that the effective
dosage of the antibodies used for treatment may increase or decrease over the course of
a particular treatment.

5.7.1 Pharmaceutical Compositions _
The compositions of the invention include bulk drug compositions useful in the
manufacture of pharmaceutical compositions (e.g., impure or non-sterile compositions)
and pharmaceutical compositions (i.e., compositions that are suitable for administration
to a subject or patient) which can be used in the preparation of unit dosage forms. Such
compositions comprise a prophylactically or therapeutically effective amount of a
prophylactic and/or therapeutic agent disclosed herein or 2 combination of those agents
and a pharmaceutically acceptable carrier. Preferably, compositions of the invention
comprise a prophylactically or therapeutically effective amount of the immunospecific
polypeptides of the invention and a pharmaceutically acceptable carrier, .
In a specific embodiment, the term "pharmaceutically acceptable” means approved by a
regulatory agency of the Federal or a statc government or listed in the U.S.

Pharmacopeia or other generally recognized pharmacopeia for use in animals, and more
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151015 GIn Asn Thr Leu Tyr Leu Gin Leu Asn Ser Lea Thr Ala Ala AS Thr 202530 Ala Thr Tyr Phe
Cys Ala Arg 35 <210> 110 <211> 37 <212> PRT <213> Oryctolagus <400> 110 Tyr Ala Asn Trp Ala
Lys Gly Arg Phe Thr lle Ser Lys Thr Pro Thr 151015 105002sEQLIST Thr Val Asp Leu Lys lle Asn Ser
Pro Thr Thr 2% 367 Ala Thr 202530 Tyr Phe Cys Ala Arg 35 <210> PEFESPIY8HIH 105 pRT
<213> Oryctolagus <400> 111 Tyr Ala Asp Trp Ala Lys Gly Arg Phe Thr lle Ser Lys Thr Ser Thr
151015 Thr Val Asp Leu Lys lle Thr Ser Pro Thr Thr Glu Asp Thr Ala Thr 202530 Tyr Phe Cys Ala Arg
35<210> 112 <211> 37 <212> PRT <213> Oryctolagus <400> 112 Tyr Ala Asp Trp Ala Lys Gly Arg
Phe Thr lle SeparyisulirtySeriTimans 1 0ks ThimMetrAey kefers ya dldiftenSediavent fe. ThFGhndsp Thr Ala

Thr 202530 TyL £ R84S, Jé(e%& %@5 Sleke S xibiento or Vehihe With Sl 1 WElAgYS £400> 113
Tyr Ala Ser Trp val Asn Gly Arg Phe Thr lle Sér Ser Arg Asn Ala

administered. Such pharmaceutical carriers can be sterile liquids, such as water and
oils, including those of petroleum, animal, vegetable or synthetic origin, such as peanut
oil, soybean oil_, mineral oil, sesame oil and the like. Water is a preferred carrier when
the pﬁarmaceutica! composition is administered intravenously. éaline solutions and
aqueons dextrose and glycerol solutions can also be employed as lquid carriers,
particularly for injectable solutions. Suitable pharmaceutical excipients include starch,
glucose, lactose, sucrose, gelatin, malt, rice, flour, chalk, silica gel, sodium stearate,
glycerol monostearate, talc, sodium chloride, dried skim milk, glycerol, propylene,
glycol, water, ethanol and the like. The composition, if desired, can also contain minor
amounts of wetting or emulsifying agents, or pH buffering agents. These compositions
can take the form of solutions, suspensions, emuision, tablets, pills, capsules, powders,
sustained-release formulations and the like.

Generally, the ingredients of compositions of the invention are supplied either
separately or mixed together in unit dosage form, for example, as a dry lyophilized
powder or water free concentrate in a hermetically sealed container such as an ampoule
or sachetfe indicating the quantity of active agent. Where the composition is to be
administered bjf infusion, it can be dispensed with an infuston botéle containing stetile
pharmaceutical grade water or saline. Where the composition is administered by
injection, an ampoule of sterile water for injection or saline can be provided so that the
ingredients may be mixed prior to administration.

The corapositions of the invention can be formulated as neutral or salt forms.
Pharmaceutically acceptable salts include, but are not limited to those formed with
anions such as those derived from hydrochloric, phosphoric, acetic, oxalic, tartaric
acids, etc., and those formed wifh cations such as those derived from sodium,
potassium, ammonium, calcium, ferric hydroxides, isopropylamine, triethylamine, 2-
ethylamino ethanol, histidine, procaine, etc.

5.7.2 Kits

The invention provides a pharmaceutical pack or kit comprising one or more containers
filled with one or more of the immunospecific polypeptides of the invention.

Additionally, one or more other prophylactic or therapeutic agents useful for the
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151015 Gin Asn Thr Leu Tyr Leu GIn Leu Asn Ser Leu Thr Ala Ala Asp Thr 202530 Ala Thr Tyr Phe
Cys Ala Arg 105002SEQLIST 35 <210> 114 <211> 39 <212> PRT <213> Oryctolagus <400> 114 Tyr
Ala Ser Trp Val Asn Gly Arg Phe Thr lle Ser Ser Asp Asn Ala 151015 GIn Asn Thr Val Asp Leu GIn
Leu Asn SeMHMHPA% Ala Asp Thr 202530 Ala Thr Tyr Phe Cys Ala AR 38 E48Y%IE <0115 37
<212> PRT <213> Oryctolagus <400> 115 Tyr Ala Asn Trp Ala Lys Gly Arg Phe Thr Ser Ser Lys Thr
Ser Thr 151015 Thr Val Asp Leu Lys lle Thr Ser Pro Thr Thr Glu Asp Thr Ala Thr 202530 Tyr Phe Cys
Ala Arg 35 <210> 116 <211> 37 <212> PRT <213> Oryctolagus <400> 116 Tyr Ala Asn Trp Ala Lys
Gly Arg Phe THraknSat oy < TireSer dar 481 0¢ 51rhrdvdilindhel phaBiactiaisdh ek RrokThr The Glu Asp

Thr Ala Thr 202530, ]y ﬁg@p?éﬁ&é@lﬂﬁgaﬁéﬁgéﬁgﬁl Jp!ka?g]k]'? c§1%p<r?sgx‘?g>oggg; more containers

filled with one or more of the ingredients of the pharmaceutical compesitions of the
invention. Optionally associated with such container(s) can be a notice in the form
prescribed by a governmental agency regulating the manufacture, use or sale of
phannéceuﬁcals or biological products, which notice reflects approvai by the agency of
manufacture, use or sale for human administration.

The present invention provides kits that can be used in the above methods. In one
embodiment, a kit comprises one or more immunospecific polypeptides of the
invention. In another embédiment, a kit further comprises one or rgzore other
prophylactic or therapeutic agents useful for the treatment of a disease, in one or more
containers. In other embodiments, the prophylactic or therapeutic agent is a biological
or hormonal therapeutic,

5.8  Characterization and Demonstration of Therapeutic Utility
Combinations of prophylactic and/or therapeutic agents-‘can be tested in suitable animal
model systems prior to use in humans. Such animal model systems includé, but are not
limited to, rats, mice, chicken, cows, monkeys, pigs, dogs, rabbits, etc. Any animal
system well-known in the art may be used. In a specific embodiment of the invention,
combiﬁations of prophylactic and/or therapeutic agents are tested in a mouse model
system. Such model systems are widely used and well-known to the skilled artisan.
Prophylactic and/or therapeutic agents can be administered repeatedly, Several aspects
of the procedure may vary such as the temporal regime of administering the
prophylactic and/or therapeutic agents, and whether such agents are administered
separately or as an admixture.

Once the prophylactic and/or therapeutic agénts of the invention have been tested in an
animal model they can be tested in clinical trials to establish their efficacy. Establishing
clinical triais will be done in accordance with common methodologies known to one
skilled in the art, and the optimal dosages and routes of administration as well as
toxicity profiles of the compositions of the invention can be established using routine
experimentation.

Toxicity and efficacy of the prophylactic and/or therapeutic protocols of the instant

invention can be determined by standard pharmaceutical procedures in cell cultures or
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1050025EQLIST <213> Oryctolagus <400> 117 Tyr Ala Ser Trp Ala Glu Gly Arg Phe Thr lle Ser Lys
Ala Ser Ser 151015 Thr Thr Val Asp Leu Lys met Thr Ser Leu Thr Thr Glu Asp Thr Ala 202530 Thr Tyr
Phe Cys Ala Arg 35 <210> 118 <211> 37 <212> PRT <213> Oryctolagus <400> 118 Tyr Ala Asn Trp
Ala Lys Gly X BHE4P4le Ser Arg Thr Ser Thr 151015 Thr Val Asp LeuPS<HRE0FHISSEr Leu Thr Thr
Glu Asp Thr Ala Thr 202530 Tyr Phe Cys Ala Arg 35 <210> 119 <211> 38 <212> PRT <213>
Oryctolagus <400> 119 Tyr Ala Ser Trp Ala Lys Gly Arg Phe Thr lle Ser Lys Thr Ser Ser 151015 Thr
Thr Val Asp Leu Glu Met Thr Ser Leu Thr Thr Glu Asp Thr Ala 202530 Thr Tyr Phe Cys Ala Arg 35

<210> 120 <2}pednetal anbfils <2§3x@r&a@iam%@m2@ﬂaﬁéda Rl Tip fdeLystedy Arg Phe

Thrlle Ser Lys %l%ig‘gén G c} ?ﬁ'oég & ggse%ggipaggu 1381}! e&ectlve in 50% of the population).
The dose ratio between toxic and therapeutic effects is the therapeutic index and it can
be expressed as the ratio LDso/EDse. Prophylactic and/or therapeutic agents that exhibit
large therapeutic indices are preferred. While prophylactic and/or therapeutic agents
that exhibit toxic side effects may be unsed, care should be taken to design a delivery
system that targets such agents to the site of affected tissue in order to minimize
potential damage to uninfected cells and, thereby, reducé side effects.
The data obtained from the cell culture assays and animal studies can Be used in
formulating a range of dosage of the prophylactic and/or therapeutic agents for use in
humans. The dosage of such agents lies preferably within a range of circulating
concentrations that include the EDsp with little or no toxicity. The dosage may vary
within this range depending upon the dosage form employed and the route of
administration utilized. For any agent used in the method of the invention, the
therapeutically effective dose can be estimated initially from cell culture assays. A dose
may be formulated in animal models to achieve a circulating plasma concentration
range that includes the 1Cs (i.e., the concentration of the test compound that achieves a
half-maximal inhibition of symptbms) as determined in cell culture. Such information
can be used to more accurately determine useful doses in humans. Levels in plasma
may be measured, for example, by high performance liquid chromatography.
6. EXAMPLES
The following methods can be used with naive or immunized rabbits

6.1 Isclation and Characterization of Immunospecific, Stable Vy and V,
Domains
The following method provides for the identification and isolation: of distinctive rabbit
variable domains which exhibit unique properties compared to human, mouss, or camel
antibodies, presenting high affinity, specificity and stability
6.1.1 Materials and Methods

Rabbit Immunization (Optional)
New Zealand White rabbits were immunized with purified Vif, HIV GP41, HIV

integrase, TNF-alpha, vWF, or Deltad4 over the course of twelve week. The rabbits were
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Thr Thr Val Glu Leu Lys Met Thr Gly Leu Thr Thr Glu Asp Thr Ala 202530 Thr Tyr Phe Cys Ala Arg 35
<210> 121 <211> 39 <212> PRT <213> oryctolagus <400> 121 Tyr Ala ser Trp val Asn Gly Arg Phe
Thr lle Ser Ser His Asn Ala 151015 GIn Asn Thr Leu Tyr Leu GIn Leu Asn Ser Leu Thr Ala Ala Asp Thr
202530 Ala Tt FFBHEEys Ala Arg 35 <210> 122 <211> 37 <212> PRTCEYEXGBRERgus <400>
122 Tyr Ala Asn Trp Ala Arg Gly Arg Phe Thr lle Ser Arg Thr Ser Thr 151015 Thr Val Asp Leu Glu lle
Thr Ser Pro Thr Thr Glu Asp Thr Ala Thr 202530 Tyr Phe Cys Gly Arg 35 <210> 123 <211> 37 <212>
PRT <213> Oryctolagus <400> 123 Tyr Ala Ser Trp Val Asn Gly Arg Phe Thr lle Ser Arg Thr Ser Thr

151015 Thr Vgl AspdesnLisMel EhaRend et BRedh aGIAsREN YA AOT02025 3 $0H882SEQLIST
Tyr Phe Cys lle Arg 35 <210> 124 <211> 37 <212> PRT <213> Or ctola%us <400> 124 Tyr Ala Arg

Trp Ala Lys ABPPEHy PEIPERFG &nsh il a0FRA= FopRT: 6 SR P Pet YIS Y EEr Pro Thr
Thr Glu Asp TiarAdacbRém Research, Hamilton, MT). Five days after the final boost, spleen and

hone marrow were harvested and used for total RNA preparation

RNA Isolation and Library Construction

Tissue Samples were harvested and prepared for total RNA isolation using TRI reagent
(Molecular Research Centre) according to the manufacturer’s protocol. Isolated total
RNA was dissolved in 500p] of RNase-free water and concentration and purity were
determined by spectrophotometry. First strand cDNA was synthesized from total RNA
using an oligo (dT) primer and reverse transcriptase (Superscript; Invitrogen) using the
manufacturer’s protocol. *

Primary amplification of the genes coding for the variable regions of the heavy chains
and light chains was performed using the sense primers presented in table 1 (5 part of
the variable region; FIG. 1) and the antisense primers presented in table 2 (3’ part of the
constant region of the heavy and light chains; FIGS. 2A-B) |
Table 1. Sense Primers for Isolation of Rabbit VH or VL domains From c¢cDNA

Preparation
Domain | Primer Seqguence
SDVHI-F 5*GGG CCC AGG CGG CC CAG TCG GTG GAG GAG
TCC TGG 3* (SEQ ID NO:10)
SDVH2-F 5* GGG CCC AGG CGG CC CAG TCG GTG AAG GAG
VH TCC GAG 3’ (SEQ IDNG:1 1)
SDVH3-F 5* GGG CCC AGG CGG CC CAG TCG YTG GAG GAG
TCC GGG 3’ (SEQ ID NO:12)
SDVHA-F 5* GGG CCC AGG CGG CC CAG SAG CAG CTG RTG
GAG TCC GG 3 (SEQ ID NO:13)
SDVKI1-F 5* GGG CCC AGG CGG CC  GAGC TCG TGM TGA
CCC AGA CTC CA 3’ (SEQ ID NO:14)
SDVK2-F 5" GGG CCC AGG CGG CC  GAGC TCG ATM TGA
VL CCC AGA CTC CA 3’ (SEQ IDNOQ:15)
SDVK3-F 5 GGG CCC AGG CGG CC  GAGC TCG TGA TGA
' CCC AGA CTG AA 3’ (SEQ ID NQ:16)
SDVA-F 5 GGG CCC AGG CGG CC  GAGC TCG TGC TGA
CTC AGT CGC CCT C 3’ (SEQ ID NO:17)
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202530 Tyr Phe Cys Ala Arg 35 <210> 125 <211> 37 <212> PRT <213> Oryctolagus <400> 125 Tyr
Ala Asn Trp Ala Lys Gly Arg Phe Thr lle Ser Lys Thr Ser Thr 151015 Thr Val Asp Leu Glu lle lle Ser
Pro Thr Lys Glu Asp Thr Ala Thr 202530 Tyr Phe Cys Ala Thr 35 <210> 126 <211> 37 <212> PRT
<213> OrycBRAGHUELHOY> 126 Tyr Ala Asn Trp Ala Lys Gly Arg Phe Thr &SRR Eer Thr
151015 Thr Val Asp Leu Lys lle Thr Ser Pro Thr Thr Glu Asp Thr Ala Thr 202530 Tyr Phe Cys Val Arg
35<210> 127 <211> 37 105002SEQLIST <212> PRT <213> Oryctolagus <400> 127 Tyr Ala Asn Trp
Ala Arg Gly Arg Phe Thr lle Ser Lys Thr Ser Thr 151015 Thr Val Asp Leu Lys Met Thr Ser Pro Thr Thr

Glu hsp T Algile 2ZRARIN ARG R BB RIBBA Ar a4 Wmaia RRTenRIC>

Preparation
Demain | Primer Sequence
VH SDG-R 5 CCT GGC CGG CCT GGC CAC TAG TGA CTG AYG

GAG CCT TAG GTT GCC C 3’ (SEQ ID NO:18)
SDVKj10-R 5 CCT GGC CGG CCT GGCC TTT GAT TTC CAC
ATT GGT GCC 3’ (SEQ ID NO:19)

SDVEKjO-R 5 CCT GGC CGG CCT GGCC  TAG GAT CTC CAG
CTC GGT CCC 3’ (SEQ ID NO:20)

VL SDVKA42j0-R | 5’ CCT GGC CGG CCT GGCC  TTT GAC SAC CAC
CTC GGT CCC 3’ (SEQ ID NO:21)
SDVA-R s CCT 6GC  CGG  CCT  GGC €
GCCTGTGACGGTCAGCTGGGTCCC ' 3° (SEQ ID
NO:22)

The primary PCR was performed in 50 pl reaction volume using 25 pmol of each
primer. 2.5 pl random primed or oligo-dT cDNA was used as template (equivalent of 5
pg mRNA). The reaction conditions for the primary PCR were 11 min at 94° C,
followed by 30/60/120 sec at 54/55/72° C for 30 cycles, and 5 min at 72° C. All
reactions were performed with 2.5 mM MgCl2, 200 uM dNTP (Roche Diagnostics,
Brussels, Belgium) and 1.25 U AmpliTaq Gold DNA polymerase (Roche). '
PCR products were separated on a 1% agarose gel and the DNA ecluted using the
QlAguick gel extraction kit or QIAEXII (Qiagen)

All primers have the Sfil site. DNA fragments were Sfi-cut, purified, and cloned into
phagemid vector. The phagemid contained a suppressor stop codon and sequences
encoding peptide tags for purification (Hisg) and detection (HA).

Library Ligation and transformation

Approximately 50ng of linearized vector DNA (as determined by gel electrophoresis
against known amounts) were ligated with approximately a 1-3 fojd excess of insert in
20ul reactions containing 1X ligase buffer (50mM Tris pH7.5, 5SmM MgCly, 1mM
dithioerythritol, 1mM ATP, pH 7.5) and 1U T4 DNA ligase (Roche), for ligation of

cohesive-end ligations. Ligations were incubated 16-18h at 12-14°C,
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<400> 128 Tyr Ala Thr Trp Ala Lys Gly Arg Phe Thr lle Ser Lys Thr Ser Thr 151015 Thr Val Asp Leu
Lys Val Thr Ser Pro Thr Thr Glu Asp Thr Ala Thr 202530 Tyr Phe Cys Ala Ser 35 <210> 129 <211> 37
<212> PRT <213> Oryctolagus <400> 129 Tyr Pro Ser Trp Ala Glu Gly Arg Phe Thr lle Ser Lys Thr
Ser Thr 151815%¥ NP Asp Leu Lys lle Ala Ser Pro Ala Thr Glu Asp ThrPAIXFRPSISEHE Tyr Phe Cys
Ala Arg 35 <210> 130 <211> 37 <212> PRT <213> Oryctolagus <400> 130 105002SEQLIST 151015
Thr Ala Asp Leu Arg lle Thr Ser Pro Thr lle Glu Asp Thr Ala Thr 202530 Tyr Phe Cys Ala Arg 35
<210> 131 <211> 37 <212> PRT <213> Oryctolagus <400> 131 Tyr Ala Asn Trp Ala Lys Gly Arg Phe

;g;ggosef Ly IS er & dB0As LhrvalAsackeind yediet SheSextewdbrinisbatal Asicehr Ala Thr
for 10min. Simultaneously, electrocompetent Z.coli ' were thawed on ice. 2ul of each

ligation reaction were added to the electrocompetent bacteria, transferred to a cuvette
and stored on ice for Imin. Electroporation was performed at 2.5kV, 25pF, and 200€.
Cuvettes were immediately flushed with 1ml of SOC medium at room temperature and
the cultures shaken at 250mpm for 1h at 37°C or 30°C. Cultures were then spread on LB
agar 'platés containing 100pg/ml ampicilin, 30pg/ml kanamiycin, and 17pg/ml
chloramphenicol and incubated overnight at 37°C or 30°C.

Phageniid vector was isolated and electorporated into host cells according to
manufacturer’s protocols. After electroporation, 5ml of SOC was added and cultures
were shaken for 1h at 37°C. 10m! of SB medium/carb was then added for 1h at 37°C.
4511 of 100mg/m! carbenicillin was next added and cultures were shaken for another
1h at 37°C before adding iml of VSCMI13 (helper phage; 10" pfu/ml) to each 15 ml
culture. A total of 170m! SB medium/carb added to the cultures, which were shaken for
2h at 37°C. 280yl of 50mg/ml kanamycin was added and the cultures continued
shaking O/N at 37°C. On the following morning, the cultures were centrifuged and the
phage supernatants precipitated by adding 25ml of PEG-8000 (polyethylene
plycol)NaCl and incubation on ice for 30min. Phage was cenirifuged from the
supernatant and pellets were resuspended in 2 ml of TBS/BSA 1%, spun down and
filtered th.réugh a 0.2um filter into a sterile tube. : '
Library Panning

Iimnubirlized antigens (Vif, Gp41, Integrase, TNF-alpha, vWF, Deltad) were used to pan
the phage expression library for immunospecific binding. Antigen was bound fo a
microtitre plate by incubation overnight O/N at 4°C. Plates were then washed and
blocked with TRS/BSA 3% for 1h at 37°C. 50l of freshly prepared phage library was
added to each well and incubateé for 2h at 37°C. Panning consisted of several rounds
of binding phage to an antigen immobilized to the well of an ELISA plate, washing,
elution by trypsinization (cleaves the antibody fragment off the phage surface), and
reamplification. During each round, specific binding clones were selected and
amplified. These clones predominated after 3 or 4 rounds.

Wells were washed with 150ul TBS/0.5%Tween 20. Washing steps were increased

fom S in the first round to 10 in the second round and 15 in the third and fourth round.
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Tyr Phe Cys Ala Arg 35 <210> 132 <211> 38 <212> pRT <215> Oryctolagus <400> 132 Tyr Ala Thr
Trp Ala Lys Gly Arg Phe Thr lle Ser Lys Thr Ser Ser 151015 Thr Thr Val Asp Leu Lys Met Thr Ser Leu
Thr Thr Glu Asp Thr Ala 202530 Thr Tyr Phe Cys Thr Arg 35 <210> 133 <211> 37 <212> PRT <213>
Oryctolagus*¥280/8'1388%tyr Ala Asn Trp Ala Lys Gly Arg Phe Thr lle Ser Brd T RP&&PHIE151015 Thr
Val Asp Leu Lys Met Thr Ser Pro Thr Thr Glu Asp Thr Ala Thr 202530 105002SEQLIST Tyr Phe CS
lle Arg 35 <210> 134 <211> 37 <212> PRT <213> Oryctolagus <400> 134 Tyr Ala Ser Trp Ala Glu Gly
Arg Phe Thr lle Ser Arg Thr Ser Thr 151015 Thr Val Asp Leu Lys Met Thr Ser Pro Thr Thr Glu Asp Thr

Ala Thr If further rounds of panning were desired, phage eluates were transferred to 2ml E.coli
cultures that had been prepared by inoculation with 2l of ER2537 and incubated while
shaking for 2h at 37°C until O.D=1. The elutate exposed cultures were incubated for 15
min at RT. 6ml of prewarmed SB medium/carb was added and shaken-1h at 37°C
followed by the addition of 1ml of VCSM13 (helper phage) and 91ml of prewarmed SB
medium/carb. Cultures were shaken for 2h at 37°C, followed by the addition of 140ul
of 50mg/ml kanamycin and then shaken O/N at 37°C. Antigen coated plates were
prepared as described for the next round of panning. Panning of second round was then
repeated following the same protocol.

After panning, the pooled phage were tested by binding to antigen coated plates
(prepared as described) and detected by HRP-conjugated anti-HA (1:2000) to assess
whether it was worthwhile to continue with the analysis of single clones.

Construction of CAT-fusion Single-Domain Antibody Libraries

The CAT gene was amplified from pCAT (Stratagene) by PCR and inserted into pET-
derived plasmid using EcoRI and Sphl restriction sites to create the pE-CAT. The
5'PCR primer originally used to clone the variable domains was also designed to
contain two sequential and different Sfif cloning sites, and an amber codon (TAG) just
before the beginning of the CAT gene. To clone our single-domain antibody libraries
fused into the CAT gene, SDVH and SDVL fragments were generated by PCR from
each p-SDVH (plasmid expressing VH domains) and pSDVL (plasmid expressing VL
domains) library vectors or from phagemid vectors selected by panning. The resulting
SDVH and SDVL PCR fragments were gel-purified, digested with the restriction
endonuclease Sfil, and cloned independently into the appropriately Sfil cut vector pE-
CAT. The pSDVH-CAT and pSDVL-CAT constructs are under the control of the
strong Lac promoter that also includes an N-terminal Hists affinity tag and the
ampicillin resistance gene. Altenatively, SDVH or SDVL fragments may be cloned into
readily available vectors designed to express cloned sequences as fusion proteins with
CAT, e.g., the PCFN1 vector (see Maxwell, et al., 1999, J Prot Sct 8:1908-1911,
incorporated herein by reference in its entirety; F1G. 5). .

Chloramphenicol resistance analysis

Chloramphenicol resistance assays were performed by transforming ER2738 cells

(New England Biolabs, Inc) with each single-domain CAT-fusion library. The
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202530 Tyr Phe Cys Ala Arg 35 <210> 135 <211> 37 <212> PRT <213> Oryctolagus <400> 135 Tyr
Ala Ser Trp Ala Lys Gly Pro Phe Thr lle Ser Lys Thr Ser Thr 151015 Thr Val Asp Leu Lys Met Thr Ser
Pro Thr Thr Glu Asp Met Ala Thr 202530 Tyr Phe Cys Ala Arg 35 <210> 136 <211> 37 <212> PRT
<213> OryclBRGUE'L#46Y> 136 Tyr Ala Ser Trp Ala Lys Gly Arg Phe Thr FEEBF1&4PA&er Thr
151015 Thr Val Asp Leu Lys lle Thr Ser Pro lle Thr Glu Asp Thr Ala Thr 202530 Tyr Phe Cys lle Arg
35 <210> 137 105002SEQLIST <211> 39 <212> PRT <213> Oryctolagus <400> 137 Tyr Ala Ser Trp
Val Asn Gly Arg Phe Thr lle Ser Ser Asp Asn Ala 151015 Gin Asn Thr Val Asp Leu Gin Met Asn Ser

Leu Thr Ala Alg, A%t 202aR30AahE TgcRae CysoAlmBrgf 39C and incubated at 37°C for 1
hour, Next, 10 ml of SB medium with 3 [l of 100 mg/ml ampicillin was added to each
library. A total of 15 ml of each culture was shaken for 1 hour at 37°C. Subsequently
4.5 ul of 100 mg/ml ampicillin was added and cultures shaken for one hour at 37°C.
Then, 85 ml of SB medium with 85 ui of 100 mg/ml ampicillin was added and cultures
grown overnight at 37°C. The following day, 600 4l of each culture was used to
inoculate 20 m! of SB medium containing 100 ug/ml of ampicillin. Expression of CAT-
fusion single-domain proteins was induced by addition of 0.5 mM IPTG when the
optical density of cultures reached 0.9 (at 600 nM). After 2 hours of incubation at 37°C,
100 ul aliquots of each library were plated on agar plates with IPTG (200 pg/ml) and
various concentrations of chloramphenicol. Plates were incubated at 37°C for 16-20
hours. The level of resistance was quantified as the highest level of chloramphenicol at
which colonies appeared after the 37 °C incubation period.

Stability Analysis t

Confirmation of the stability of clones selected by pamning and/or chloramphenicol
resistance assays {or combinations of both) was performed by monitoring the wnfolding
transition in response to heat or increasing concentration of guanidium chloride
(GdmCH by intrinsic fluorescence. Expressed and isolated clones were diluted to a
concentration of 6 pM. Intrinsic fluorescencewas determined at a wavelength of 280 or
295nm, with emission spectra recoded from 310 to 440 nm. Fluorescence spectra were
corrected for background fluorescence of the solution. FIG. 6A depectis the
representative unfolding transition curve of a Vi domain of the invention in response to
increasing heat. FIG. 6B depectis the representative unfolding transition curve of a Vi
domain of the invention in response fo increasing concentrations of GdmCl; prior to
fluorescence measurement, 6 UM samples of protein were incubated overnight at 25 °C
for each concentration of GdmClL

Sequence Analysis

Vector clones selected by panning and/or chloramphenicol resistance, or combinations
of both, were inoculated into culture, and the cultures were induced with 1 mM PTG
(isopropyl-B-D-thiogalactopyranoside) and tested for binding. DNA fingerprinting
(analysis of different sizes of fragments after amplification by PCR), and A/l analysis

(enzyme which digests DNA in scveral sequences) of antibody fragments encoding
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<210> 138 <211> 39 <212> PRT <213> Oryctolagus <400> 138 Tyr Ala Asn Trp Val Asn Gly Arg Phe
Thr lle Ser Leu Asp Asn Ala 151015 GIn Asn Thr Val Phe Leu GIn Met Thr Ser Leu Thr Ala Ala Asp
Thr 202530 Ala Thr Tyr Phe Cys Ala Arg 35 <210> 139 <211> 11 <212> PRT <213> Oryctolagus
<400> 139 THS EFEPBEIy Thr Leu Val Thr Val Ser Ser 1510 <210> 140%3 AR/ W998s pRT <213>
Oryctolagus <400> 140 Trp Gly Pro Gly Thr Leu Val Thr Val Ser Ser 1510 <210> 141 <211> 11 <212>
PRT <213> Oryctolagus 105002SEQLIST <400> 141 Trp Gly Gin Gly lle Leu val Thr val ser ser 1510
<210> 142 <211> 11 <212> PRT <213> oryctolagus <400> 142 Trp Gly Gin Gly Ala Leu Val Thr val

Ser Ser 1510ped Oz ohdis Aeke berfotidad Pﬁﬁaﬁﬁl&S%@i&@ﬁ@@Qdﬁﬁé@@%ﬂ:&%ﬁm&&oﬁm Gly Thr Leu
val Thr lle Ser Ser1510 <210> 144 <211> 11 <21%I PRT <213> g/ctol gus <40 é_ﬁ Trp Gly Gin
Gly Thr Leu \RadagioRss s fhpposubjected to DNA sequence analysis expresse without

gene III product for further analysis.

6.1.2 Results
Heavy Chain Variable Domain
Tables 3-6 present representative framework sequences of rabbit heavy chain variable
domains selected by the stability assay and/or the stability assay with phage panning.
Sequence analysis of selected clones relative to initial pools indicated that the following
sequences provide enhanced stability and/or affinity: for the VH FR1 domain,
QEQLMETESGGGAEGGLVKPGASLTLTCTAS (SEQ ID NO:57); for the VH FR2
domain, WVRQAPGKGLEWIG (SEQ ID NQO:69); for the VH FR3 domain,
Y ATWVNGRFTLSRDIDQSTGCLQLNSLTAADTATYYCAR (SEQ ID NO:95); and
for the VH FR4 domain, WGQGTLVTVSS (SEQ 1D NO:139).
Ad@itioual point mutation studies indicated that the presence of one or more of the
following amino acid residues. conferred enhanced stability and/or affinity to the Vu
domain: a phenylalanine at position 46 (within the FR2 domain), a glutamic acid at
position 53 (within the FR2 domain), an argimine at position 54 (within the FR2
domain), a giycine at position 36 {within the FR2 domain), an alanine at position 58
(within the FR2 domain), and an arginine at position 126 (within the FR4 domain).
Analysis and point mutation studies within the CDR domains also indicated that the
presence of a cysteine at position 44 (the final CDRI residue) and/or a cysteine at
position 59 (the first residue in CDR2) conferred enhanced stability and/or affinity. It is
believed that these cysteines act to stabilize the three-dimensional structure of the
domain, Amino acid positions are according to the positions within the sequence
alignments presented in FI1G3.
Table 3. Amino Acid Sequences of Vg FR1 domains selected by methods of the

invention
SEQ ID WO ALJTGNMENT POSITION 1-31 v
23 QQQLV-—-ESGGR—--—-—LVKPDETLTITCTvs
24 —QSVE~-ESGGG-—--~LVIPGTELTLICTVS B
25 ~QSLE--ESGGEG--~~LVQPGGSLKVSCKAS
26 ~QSLE--ESGGR~-~~LVTPGTPLTLTCTVS
27 OOQLM~~KSGGG——-—~LVQPGGSLTLSCKAS B
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<210> 145 <211> 11 <212> PRT <213> Oryctolagus <400> 145 Trp Gly Pro Gly Thr Leu val Ala val
Ser Ser 1510 <210> 146 <211> 11 <212> PRT <213> oryctolagus <400> 146 Trp Gly Gin Gly Thr Arg
val Thr val Ser ser 1510 <210> 147 1050025EOLI5T <211> 11 <212> PRT <213> Oryctolagus <400>
147 Trp Gly BR2RIFHEeu val Thr Gly Ser Ser 1510 <210> 148 <211>AGTETPHS/HRHE 21 3>
Oryctolagus <400> 148 Trp Gly Gin Gly Ser Leu val Thr lle Ser Ser 1510 <210> 149 <211> 11 <212>
PRT <213> Oryctolagus <400> 149 Arg Gly Gin Gly Ser Leu val Thr lle Ser Ser 1510 <210> 150
<211> 23 <212> PRT <213> Oryctolagus <400> 150 Glu Leu Val Leu Thr Gin Thr Pro Pro Ser Leu

Ser Ala Ser @&Gly 151015 Glu b val A+G BeAR-cys20WPROS $5 2TTIBADS <212> PRT <213>
Oryctolagus £4@0> 151 -0OSVE--ESGGR-~~-~LVKPDETLTLTCTVS
30 ~Q8VE~~RBESRGR~~=~LVTPGTPLTLTCIVS
31 QEQLV-~ESGGG-~--~LVQPGGSLKLSCKAS
32 Q0QLV~--ESGGG--~~LVQPGGSLKLSCKAS
33 ~QSMK~~ESEGR~~~-~LVTPGGSLTLTCTVS
34 ~Q8VE=~-ESRGR-~-~LVTPGGSLTLTCTVS
35 | =QSVE~-~ESGGG—~-—LVQPGGSLKVSCKAP
36 ~QSLE--BESGGR-~~~LVTPGGSLTLTCTVS
37 ~08VE--ESGGR~-~~LVTPGGSLTLTCTVS
38 QOEQLM--ESGGG----LVQPGGSLTLSCKAS
39 ~QSLE~-ESGGER~~~-LVTPGTPLTLTCTAS
40 Q0QLV~~ESGGEG~~~~LVQPGGSLTLSCKAS
41 -QSVE=-ESGGR~—~-LVTPGTPLTLTCTVS
42 ~-QSVE--ESRGG-——-~~LVQPGGSLKVSCKAS
43 -08VE~-ESRGG--~—-LFKPTDTLTLTCTVS
44 ~QSVE~-ESGGR~=~~LISPGGESLTLTCTVS
45 . ~0SLE--ESGGR-~-—-LVKPDETLTLTCTVS
46 ~0SVE=~ESRGR---~-LVTPGTPLTLTCTAS
47 -Q8VE=--ESRGR----LVKPDETLTLTCTVS
48 ~QSVE--~ESRGD----LVKPEGSLTLTCTAS
49 ~QSLE~--ESGGR-—~~LVTPGTPLTLTCTIS
50 - ~0SLE--ESGGR=-~~~LVTLGTPLTLTCTVS
51 -QSLE-~ESWGR-—-~LVKPDETLTITCTVS
52 : ~08VE-~ESGGG—~~~LVQPGGSLKLSCKAS
53 OEQLV~--ESGGG~—~—-LVKPEGSLTLTCKAS
54 -0SVE~~ESGGEN=~~-LVTPGTPLTLTCTVS
55 O0QLM~-~ESGGEE~-~~LVQPGGSLKLSCKAS
56 QEQLMETESGGGAEGGLVKPGGSLELCCKAS
57 QEQLMETESGGGAEGGLVKPGASLTLTCTAS
58 -=~QSLE-ESGGR~~~=-LVTPGTPLTLTCTVS
59 -—-Q8VE-ESRGD-~-—LVKPGASLTLTCTAS
60 ——QSVE-ESGGR---—-LITPGGSLTLTCTVS
61 ~~Q8LE~ESGGD-—--~LVKPGASLTLTCTAS
62 ~~Q8VE-ESRGR~~-~LVTPGTPLTLTCTVS
63 OEQLMETESGGG~~~~LVKPGASLTLTCTAS
64 ~—0OSLE~ESGGD~=--—LVQPGASLTLTCTAS
65 -QQ0LV~ESGGD-~~-~LVKPEGSLTLTCTAS
66 C-OSLE-ESGGD----LVKPEGSLTLTCTAS
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Glu Leu Asp met Thr Gin Thr Pro Ala Ser Val ser Glu Pro val Gly 151015 Gly Thr val Thr lle Lys cys
20 <210> 152 1050025EQLIST <211> 23 <212> PRT <213> Oryctolagus <400> 152 Glu Leu val Leu
Thr Gin Thr Pro Ser Pro val Ser Ala Ala val Gly 151015 Gly Thr val Thr Ile Lys cys 20 <210> 153
<211> 23 <MD 20PRF66H1 3> Oryctolagus <400> 153 Glu Leu Asp Leu TREBTTP88 9 R1a Ser val Ser
Glu Pro val Gly 151015 Gly Thr val Thr lle Lys cys 20 <210> 154 <211> 23 <212> PRT <213>
oryctolagus <400> 154 Glu Leu val Leu Thr Gin Thr Pro ser Ser Ala Ser Glu Pro Val Gly 151015 Gly
Thr Ala Thr lle Lys Cys 20 <210> 155 <211> 23 <212> PRT <213> Oryctolagus <400> 155 Glu Leu

Val Leu Thr Gl Ihr Pro sqiSan ek $Stqtantla YahGIFiS MabaGly stuciédl Fnihsis 6F/s 20

the invention

SEQ ID WO ALTGNMENT POSITION 45-58

67 WVRQAPGEGLEWIG

68 WVRCQAPGKGLQYIG

€9 WVRQAPGKGLEWIG

70 WVRQAPGKGLDWIG

71 WVRQAPGEGLDWIG

72 WVRQAPGKGLEYIG

73 WGRQAPREGLEWIG

74 WVRQAPGKRLEWIG

75 WVROAPGKGLEWVA

76 WVRQAPEKGLEWIG

77 WVRQAPGRGLEWIA

78 WERQAPGKGLEWIA

79 WFRQAPGKGLEWIG

80 WERQAPGKELEWIG

81 WERQAPCGKGREWIG

82 WFRQAPGKGLEGIG

83 WVRQAPGKELEWIG

84 WVROAPGKEREWIG

85 WVRQAPGKELEGIG

86 WVRQAPGKGREWIG

87 WVROAPGKGREGIG

88 WVRQAPGKGLEGIG

89 WFROAPGKEREWIG

20 WFROQAPGKELEGIG

8l WEFRQAPGKGREGIG

g2 : WVRQAPGKEREGIG

83 WERQAPGKEREGIG

Table 5. Amino Acid Sequences of Vy FR3 domains selected by methods of

the invention 3

SEQ ID NOC ALICNMENT POSITION 70-110

94 YASWAKGRETLIS~KTSSTTVDLKITSE——
TTEDTATYFCAR

25 YATWVNGRFTLSRDIDQSTGCLOLNSL—~
TAADTATYYCAR :

g6 YATWAKGRFTIS-KTS—
TTYVNLOMETTSLTTEDTATFFCAR |
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<210> 156 <211> 23 <212> PRT <213> Oryctolagus Page 41 105002SEQLIST <400> 156 Glu Leu
Asp Met Thr Gin Thr Pro Ala ser val Ser Ala Ala val Gly 151015 Gly Thr Val Thr Ille Asn Cys 20 <210>
157 <211> 23 <212> PRT <213> Oryctolagus <400> 157 Glu Leu Asp Leu Thr Gin Thr Pro Ala Ser val
Glu Val Ala VR BHK/ 8415 Gly Thr Val Thr lle Asn Cys 20 <210> 158 <FLEPFHSIUPRT <213>
Oryctolagus <400> 158 Glu Leu Asp met Thr GIn Thr Pro Ser ser val Ser Ala Ala Val Gly 151015 Gly
Thr val Thr lle Asn cys 20 <210> 159 <211> 23 <212> PRT <213> Oryctolagus <400> 159 Glu Leu
Val met Thr GIn Thr Pro Ala ser Val ser Ala Ala val Gly 151015 Gly Thr val Thr lle Asn Cys 20 <210>

160 <211> P35<212>PRT <2135 RfIRIagus 00> 160 105002SEQLIST
KTSSTTVTLOMETTSLTARDTATYFCAR
98 YASWAKGRFTIS~KTS—-TTVDLKITSP~—
TTEDTATYFCAS
99 VASWAEGRFSIS—
KASSTTVTLOMETTSLTAADTATYFCAR
100 YANWAKGRFTIS-KTS~ TTVDLKETSP—H
TTEDTATYFCVR
101 YASWPQGRFTIS-
YTSSTTVTLOMETTSLTAADTATYFCAK
102 YASWAKGRFTIS-QTS~TTVDLKITSP—~
TTEDTATYFCAR
103 YATWAKGRFTIS-
KPSSTTVTLOMETTSLTAADTATYFCAR
104 YANWAKGRFTIA~
; KTSSTTVTLOMETTSLTAADTATYFCAR
105 YASWAKGRFTIS~KTS~-TTVDLKITSP -~
TTEDTATYFCAR
106 YPSWVDGRFTIS~KTS-TTVDLKITSP——
TTEDTATYFCAR
107 YZDWVTGRFTISSENAQNTLYLQLNSL-—
TAARDTATYFCAR
108 YANWAKGRCTIS-KTS-TTVDLKITSP——
TTEDTATYFCAP
109 YATWVNGRLTISSHNAQNTLYLQLNSL—-
TAADTATYFCAR
110 YANRAKGRFTTS—-KTP-TTVDLKINSE~~
TTEDTATYFCAR
111 YADWAKGRFTIS~KTS~-TTVDLKITSP~—
‘ TTEDTATYFCAR |
112 YADWAKGRFTIS-KTS-TTMDLKITSP—-
TTEDTATYFCGR
113 YASWVNGRFTISSRNAQNTLYLOLNSL -~
| TAADTATYFCAR
114 YASWYNGRFTISSDNAQNTVDLOLNSL-~
TAADTATYFCAR
115 YANWAKGRFTSS~KTS~TTVDLKITSP-~
TTEDTATYFCAR
116 YANWAKGRETIS-KTS-TTVDLEIASP——
TTEDTATYFCVR
117 YASWAEGRFTIS~KASSTTVDLKMISL--
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Glu Leu Val Met Thr Gin Thr Pro Ala Ser val Glu Ala Ala Val Gly 151015 Asp Ser Val Thr lle Asn Cys
20 <210> 161 <211> 23 <212> PRT <213> Oryctolagus <400> 161 Glu Leu val Leu Thr Gin Thr Pro
Ala ser val Ser Glu Pro val Gly 151015 Gly Thr Val Thr lle Lys Cys 20 <210> 162 <211> 23 <212>
PRT <213> ¥R/2401déef84<400> 162 Glu Leu Val Leu Thr Gin Thr Pro serBSfRIZMSA0MIE Ala val Gly
151015 Gly Thr Val Thr lie Ser Cys 20 <210> 163 <211> 23 <212> PRT <213> Oryctolagus <400>
163 Glu Leu val met Thr GIn Thr Glu Ser Pro Val Ser Ala Pro val Gly 151015 Gly Thr Val Thr lle Lys
Cys 20 <210> 164 <211> 23 <212> PRT <213> Oryctolagus <400> 164 Glu Leu Val Leu Thr Gin Thr

Eg; Sgrlfe-”yo;? ‘V.I;Liluo di? W%UUZE)I:QLI&)T GIlu Thrval Thr e Asn Cys ‘_g <210>L
< > < S <A 18 U o} et THr GIn Thr Pro, Ser ser S
ser val Pro VAR g W?&‘Ktﬁ‘ﬁﬁzé O EON L AR 1T y
TTEDTATYFCAR
119 YASWAKGRFTIS-KTSSTTVDLEMTSL-~
TTEDTATYFCAR
120 YANWAKGRFTIS— KASSTTVELKMTGL~w
TTEDTATYFCAR
121 YASWVNGRFTISSHNAQONTLYLOLNSL~-
TAADTRATYFCAR
122 VYANWARGRFTIS-RTS-TTVDLEITSP-—
TTEDTATYFCGR
123 YASWVNGRFTISRTS--TTVDLKMTSL~--
TTEDTATYFCIR |
124 - YARWAKDRVTISKTS-~TTVDLKITSP-—
TTEDTATYFCAR
125 YANWAKGRFTISKTS--TTVDLEIISP~-
TRKEDTATYFCAT
126 YANWAKGRETISKAS-~TTVDLKITSP~-
TTEDTATYFCVR
27 YANWARGRFTISKTS~~-TTVDLEMTSE~~
‘ TTEDTAIYFCAR
128 YATWAKGRFTISKTS-—TTVDLKVISP--
TTEDTATYFCAS
129 YPSWAEGRFTISKTS~~TTVDLKIASE~~
ATEDTATYFCAR
130 YASWAKGRFWISRTQ~—TTADLRI$SP~-
TIEDTATYFCAR
131 YANWAKGRFTISKTS-~TTVDLKMTSL~~
TAADTATYFCAR
132 VATHAKGRFTISKTSS-TTVDLKMTSL—~
TTEDTATYFCTR
133 VYANWAKGRFTIS-RTS-TTVDLKMTSP——
TTEDTATYFCIR
134 YASWAEGRFTIS- RTS—mTVDLKMTSP——
TTEDTATYFCAR
135 YASWAKGPFTIS-KTS-TTVDLKMTSP~-
TTEDMATYFCAR
136 YASWAKGRFTIS-KTS~-TTVDLKITSP--
TTEDTATYFCIR
137 YASWVNGRETISSDNAQNTVDLOMNSL~~-
TARADTATYFCAR
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151015 Gly Thr val Ser lle ser cys 20 <210> 166 <211> 23 <212> PRT <213> oryctolagus <400> 166
Glu Leu val Leu Thr Gin ser Pro Ser ser Lys ser val Pro val Gly 151015 Asp Thr val Thr lle Asn Cys 20
<210> 167 <211> 23 <212> PRT <213> Oryctolagus <400> 167 Glu Leu Asp Leu Thr Gin Thr Pro Pro
Ser Leu ser RA28841446%1y 151015 Glu Thr val Arg lle Arg cys 20 <210>A6BR219840881821 2> PRT
<213> Oryctolagus <400> 168 Glu Leu Asp Leu Thr Gin Thr Pro Ala Ser Val Glu Ala Ala val Gly
151015 Gly Thr val Thr lle Lys cys 20 1050025EQLI5T <210> 169 <211> 23 <212> PRT <213>
oryctolagus <400> 169 Glu Leu Val met Thr Gin Thr Pro ser Pro val Ser Ala Ala val Gly 151015 Gly

Thr Val Thrigsger €ys 20 <2103 Ll RERr 2o O A T veZigrrpa/ciolagus <400> 170\Glu Leu val
Leu Thr GIn Thr Pro ser ser Ly%ﬁb\@{,ﬁ;%&%lrgly 151015 _}

Table 6. Amine Acid Sequences of Vy FR4 domains selected by methods of

the invention

SEQ ID NO ALIGNMENT POSITION 126-136

139 WGQGTLVIVSS

140 WGPGETLVIVSS

141 WGEQGILVTVSS

142 WGQGALVTVSS

143 WGPGTLVTISS

144 WGQGTLVTASS

145 . WGPGTLVAVSS

146 WGOGTRVTVSS

147 WGPGTLVTGSS

148 WGOGSLVTISS

149 RGOGSLVTISS

Light Chain Variable Domain
Tables 7-10 present representative sequences of rabbit light chain variable framework
domains selected by stability aés_ay and phage panning. Sequence analysis of selected
clones relative to initial pools indicated that the following sequences provide enhanced
stability and/or affinity, for the VL FR1 domain, ELVLTQTPPSLSASVGETVRIRC
(SEQ ID NO:150) or ELVLTQTPSSVSAAVGGTVTINC (SEQ ID NO:155); for the
VL FR2 domain, WYQQKPEKPPTLLIS (SEQ ID NO:74) or
WYQQKPGQRPKLLIY(SEQ ID NO:181); for the VL FR3 domain,
GVPPRFSGSGSGTDYTLTIGGVQAEDVATYYC  (SEQ ID  NO:183) or
GVSSRFKGSGSGTQFTLTISGVQCADAATYYC (SEQ ID NO:205); and for the VL
FR# domain, FGAGTNVEIK (SEQ ID NO:206) or FAFGGGTELEIL (SEQ ID
NO:210).
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Asp Thrval lle lle Asn Cys 20 <210> 171 <211> 22 <212> PRT <213> oryctolagus <400> 171 Glu Leu
val Leu Thr GIn ser Pro Ser Val ser Gly Ala val Gly Gly 151015 Thr val lle lle Asn cys 20 <210> 172
<211> 23 <212> PRT <213> oryctolagus <400> 172 Glu Leu val Leu Thr Gin Thr Pro Ser Ser Val Glu
Ala Ala val GKPEE9%1E5%8y Thr val Thr lle Lys cys 20 <210> 173 105002%HEFIR898480018 23 <212>
PRT <213> Oryctolagus <400> 173 Glu Leu Val Leu Thr Gin Thr Pro Ala Ser Val Glu Ala Ala val Gly
151015 Gly Thr Val Thr lle Lys Cys 20 <210> 174 <211> 15 <212> PRT <213> Oryctolagus <400>

174 Trp Tyr Gin Gin Lys Pro Glu Lys Pro Pro Thr Leu Leu lle Ser 1 <210> <211> <212> <213> <400>

5175 Additional point mutation studies indicated that the presence of a phenylalanine at

position 39 (within the FR2 domain) and/or the presence of a lysine at position 42
(within the FR2 domain) and/or the presence of a cysteine at position 91 (the final FR3
residue) conferred enhanced stability and/or affinity to the Vi domain. Amino acid

positions are according to the positions within the sequence alignments presented in

FIG. 4.

Table 7. Amino Acid Sequences of Vi FR1 domains selected by methods of
the invention

| SBQ ID NO ALIGNMENT POSITION 1-23
150 ELVLTQTPPSLSASVGETVRIRC
151 ELDMTQTPASVSERPVGGTVTIKC
152 ELVLTQTPSPVSAAVGGTVTIKC
153 ELDLTQTPASVSEPVGGTVTIKC
154 ELVLTCTPSSASEPVGGTATIKC
185 ELVLTQTPSSVSAAVGGTVTINC
156 ELDMTQTPASVSAAVGGTVTINC
187 I ELDLTQTPASVEVAVGGTVTINC
158 ELDMTQTPSSVSAAVGGTVTINC
159 ELVMTQTPASVSARVGGTVTINC
160 ELVMTQTPASVEAAVGDSVTINC
161 FLVLTQTPASVSEPVGGIVTIKC
162 ELVLTQTPSPVSAARVGGTIVTISC
163 ELVMTQTESPVSAPVGGTIVTIKC
164 ELVLTQTPSSKSVPVGETVTING
165 ELDMTQTPSSKSVPVRGTVSISC
166 ELVLTQSPSSKSVRPVGDTVIINC
167 ELDLTQTPPSLSASVGETVRIRC
168 ELDLTQTPASVEAAVGGTVTIKC
168 ELVMTQTPSPVSARVGGTVTISC
170 ELVLTQTRSSKSVPVGDTVIING
171 ELVLTQSPS~VSGAVGGTVIING
172 ELVLTQTPSSVEAAVGETVTIKC
173 ELVLTQTPASVEAAVGGTVTIKC
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15 PRT Oryctolagus 175 10 15 Trp Tyr Gin GIn Lys Pro Gly Gin Pro Pro Lys Leu Leu lle Tyr 1 <210>
<211><212> <213><400> 5 176 15 PRT Oryctolagus 176 10 15 Trp Tyr Gin Gin Lys Pro Gly Gin
Pro Pro Lys Arg Leu lle Tyr 1 <210> <211> <212> <213> <400> 5 177 15 PRT Oryctolagus 177 10 15
Trp Tyr Gin PEAAYEB$’Ely Gin Pro Pro Lys Leu Leu lle Tyr 151015 <210ST#7Ag008/000018

Table 8. Amine Acid Sequences of Vi FR2 domains selected by methods of
the invention

SEQ ID NO ALIGNMENT POSITION 38-52

174 WYQQRPEKPPTLLIS

175 WYQQKPGQPPKLLIY

176 WYQQKPGQPPKRLIY

177 WYQLKPGQPPKLLIY

178 WYQQKPGQPPKPLIY

178 WFQQKPGQEPPRLLIY

180 WYQQKRPGKPPTLLIS

18l WYQQORPGQORPKLLIY

182 WYQQKAGKPPTLLIY

Table 9. Amino Acid Sequences of Vi, FR3 domains selected by methods of
the invention .

S8EQ ID HO ALIGNMENT POSITION 60-351 \

i83 GVPPRFSGSGSGTDYTLTIGGVQAEDVATYYC
184 GVSSRIKGSGSGTEFTLTISGVQCDDRAATYYC
185 AVSSRFKGSRSGTEYTLTISDLECADAATYYC
186 GVSSRFKGSGSGTERFTLTISDVQCDDAATYYC
187 GVPSRFKGSGSGTEFTLTISDLECADAATYYC
188 GVPSRFRGSGSGTEFTLTISGMKAEDAATYYC
189 GVSSRFXGSGSGTORFTLTISDLECDDAATYYC 4
150 GVPSRFKGSGSGTEYTLTISGVECDDAATYYC
is1 GVPPRFSGSGAGTQFTLTISDLECDDAATYYC
192 GVPSRFKGSGSGAQFTLTISDLECDDAATYYC
183 . GVPSRFKGSGSGTOFTLTISDLECDDARTYYC
194 GVPSRFKGSGSGTEFTLTISGVQCDDAATYEC
195 GVPSRFKGSGSGTOFTLTISDVVCDDAATYYC
156 GVPSRFKGSGSGTDFTLTISSVECDDAATYYC
| 197 GVPSRFSGAGSGTQFTLTISDLECDDAATYYC
198 GVPPRFSGSGSGADYTLTIGGVQAEDAATYYC
199 GUVPSRFKGSGSGTQFTLTISDVQCDDAATYYC
200 GVSSRFKGSGSGTORTLTINDLECDDAATYYC
201 GVPSRFKGSGSGTQFTLTISDVVCDDAATYGC
202 GVPSRFKGSGSGTOFTLTISGVOCDDAATYYC
203 GVPSRFSGSGSGTEFTLTINDLDCDDAATYYC
204 GVPSRFKGSGSGTQFTLTISDLECADAATYYC
205 GVSSRFKGSGSGTQFTLTISGVQCADAATYYC
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<211> 15 <212> PRT <213> Oryctolagus 105002SEQLIST <400> 178 Trp Tyr Gin Gin Lys Pro Gly
Gin Pro Pro Lys Pro Leu lle Tyr 151015 <210> 179 <211> 15 <212> PRT <213> Oryctolagus <400>
179 Trp 'he Gin Gin Lys Pro Gly Gin Pro Pro Lys Leu Leu lle Tyr 151015 <210> 180 <211> 15 <212>
PRT <213> BR&it44er94<400> 180 Trp Tyr Gin Gin Lys Pro Gly Lys Pro Fr&PRAI8A§19R) |le Ser
151015 <210> 181 <211> 15 <212> PRT <213> Oryctolagus <400> 181 Trp Tyr Gin Gin Lys Pro Gly
Gin Arg Pro Lys Leu Leu lle Tyr 151015 <210> 182 <211> 15 <212> PRT <213> Oryctolagus <400>
182 Trp Tyr Gin'Gin Lys Ala Gly Lys Pro Pro Thr Leu Leu lle Tyr 151015 <210> 183 <211> 32 <212>
PRT <213> Oryctolagus <400> 183 Gly-Val Pro Pro Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Tyr Thr

151015 Leu T e 31y ChaYaht? R lestchen e larity dosudivk GuRciRB30nagods of
105002SEQLIS :

the invention

SEQ ID WO ATIGNMENT POSITION 106-116B
206 F-—-GAGTNVEIK-

207 F=-—-GGGTEVVVK~

208 F~-GGGTELEIL-

208 F-—GGCTQLTVIG
| 210 FAFGGGTELEIL-
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<210> 184 <211> 32 <212> PRT <213> Oryctolagus <400> 184 Gly Val Ser Ser Arg Phe Lys Gly Ser
Gly Ser Gly Thr Glu Phe Thr 151015 Leu Thr lle Ser Gly Val Gin Cys Asp Asp Ala Ala Thr Tyr Tyr Cys
202530 <210> 185 <211> 32 <212> PRT <213> Oryctolagus <400> 185 Gly Val Ser ser Arg Phe Lys
Gly Ser Arg Ser Gly Thr Glu Tyr Thr 151015 Leu Thr lle Ser Asp Leu Glu Cys Ala Asp Ala Ala Thr Tyr
Tyr Cys 202530 <210> 186 <211> 32 <212> PRT <213> Oryctolagus <400> 186 Gly Val Ser Ser Arg
Phe Lys Gly Ser Gly Ser Gly Thr Glu Phe Thr 151015 Leu Thr lle Ser Asp Val Gin Cys Asp Asp Ala
Ala Thr Tyr Tyr Cys 202530 <210> 187 <211> 32 <212> PRT <213> Oryctolagus <400> 187 Gly Val
Pro Ser Arg WhiAllyES Gl A& EyISer Gly Thr Glu Phe Thr 151015 Leu Thr lle Ser Asp Leu Glu Cys
Ala Asp Ala Ala Thr Tyr Tyr Cys 202530 <210> 188 105002SEQLIST <211> 32 <212> PRT <213>
Oryctolagus <400> 188 Gly Val Pro Ser Arg Phe Arg Gly Ser Gly Ser Gly Thr Glu Phe Thr 151015

1. A method for producing a rabbit Vi or Vy domain that immunospecifically

binds to an antigen and that shows a desired solubility, stability, and/or lack of
aggregation, wherein said method is a first method comprising:

a) selecting from a phage expression library a set of DNA sequences that encode
Vu or Vi, domains that immunospecifically bind to said antigen, said phage
expression library prepared from DNA or cDNA sequences that encode Vi or
VL domains ahd that were obtained from a biological sample of a rabbit
containing cells that express immunoglobulins; and

b) expressing said set of sequences, or a subset thereof, in bacteria as a fusion
protein with CAT, selecting bacteria that have chloramphenicol resistance by

virtue of CAT expression, and obtaining sequences encoding rabbit Vg or Vi,
domains from the selected bacteria, whereby said bacterial resistance to
chloramphenicol conferred by said CAT-fusion correlates with solubility,
stability, and/or lack of aggregation of said sequence fused to CAT and
wherein said selection is at a chloramphenicol concentration sufficient—to
select for said desired solubility, stability, and/or lack of aggregation, wherein
the recombinant Vg or V| domain has a Tm of at least 54°C and/or exhibits a
Kd for said antigen of no greater than 20 nM;

or a second method comprising:

a) expressing sequences-of DNA or ¢cDNA that encode Vy or V. domains in
bacteria as a fusion protein with CAT, wherein said DNA or cDNA sequences
were obtained from a biological sample of a rabbit containing cells that
express immunoglobulins;

b) selecting bacteria that have chloramphenicol resistance by virtue of CAT
expression, and obtaining the set of sequences encoding rabbit Vy or Vi
domains from the selected bacteria, whereby said bacterial resistance to
chloramphenicol conferred by said CAT-fusion correlates with solubility,
stability, and/or lack of aggregation of said sequence fused to CAT and
wherein said selection is at a chloramphenicol concentration sufficient—to

select for said desired solubility, stability, and/or lack of aggregation wherein
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Leu Thr lle Ser Gly Met Lys Ala Glu Asp Ala Ala Thr Tyr Tyr Cys 202530 <210> 189 <211> 32 <212>

PRT <213> Oryctolagus <400> 189 Gly Val Ser Ser Arg Phe Lys Gly Ser Gly Ser Gly Thr GIn Phe Thr

151015 Leu Thr lle Ser Asp Leu Glu Cys Asp Asp Ala Ala Thr Tyr Tyr Cys 202530 <210> 190 <211>

32 <212> PRT <213> Oryctolagus <400> 190 Gly Val Pro Ser Arg Phe Lys Gly Ser Gly Ser Gly Thr

Glu Tyr Thr 1510151k eecFmbileaBeY Giy Wal Gin Dy $isp BspAln Kiat TH- Tymdiyr CysiBD2530 <210>

191 <211> 32 <212> RRT <1§13> Or)éﬁlolagrus <41:89,>%§1%J\§’| Val Pro Pro Arg Phe Ser Gly Ser Gly Ala
€ u

Gly Thr Gin Phe T rdlfﬁéi etﬁgﬁ%r RS re,itseﬁ U yS /glsp Asp Ala Ala Thr Tyr Tyr Cys

202530 <216> 19ei2d e FPoup 1 Ph AR ExRESio 0 tilctola IS Ragetd cd0B0H 26E&Q¢ BT «t400> 192
Gly Val Pro Ser Arg,Phe Lys Ser Gly Ser la. Gin 'he Thr 151015 Leu.Thr lle, Ser Asp Leu Glu
Cys nsp Aap Ala ALt TP Top oS s g iRl S d acn SBRE BTl ctomgus
<400> 193 Gly ValfporSeedfopRhaidysiGlysSarctlysSer BhsdhhnfPhe Thr 151015

2. .The method of claim 1, wherein said rabbit biological sample is from a rabbit

that has been immunized with said antigen.

3. The method of claim 1, wherein, in said first method, step a) is repeated one or
more times or wherein, in said second method, step ¢) is repeated one or more

times.

4. The method of claim 1, wherein said bioiogﬁcal sampie comprises plasma

cells, lymphoid, bone marrow, or appendix tissue.

5. The method of claim 4, wherein said sample comprises Iymphoid tissue and

said lymphoid tissue is spleen tissue or lymph node tissue.

6. The method of claim 1, wherein said antigen is not immunogenic in mice or
rats.
7. The method of claim 1 wherein said selection is at a chloramphenicol

concentration of at least 1.8 mM.

8. A polypeptide that immunospecifically bﬁnds an antigen, wherein said
polypeptide comprises one or both of a rabbit Vy or V; domain, and at least
one of

(a) a Vg FR1 domain having the amino acid sequence
QEQLMETESGGGAEGGLVKPGASLTLTCTAS (SEQ ID NG: 57);

(b) a Vi FR3 domain having the amino acid sequence
YATWVNGRFTLSRDIDQSTGCLQLNSLTAADTATYYCAR (SEQ lID
NO: 95);
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Leu Thr lle Ser Asp Leu Glu Cys Asp Asp Ala Ala Thr Tyr Tyr Cys 202530 <210> 194 <211> 32 <212>
PRT <213> Oryctolagus <400> 194 Gly Val Pro Ser Arg Phe Lys Gly Ser Gly Ser Gly Thr Glu Phe Thr
151015 Leu Thr lle Ser Gly Val Gin Cys Asp Asp Ala Ala Thr Tyr Phe Cys 202530 <210> 195 <211>
32 <212> PRT <213> Oryctolagus <400> 195 Gly Val Pro Ser Arg Phe Lys Gly Ser Gly Ser Gly Thr
Gin Phe Thr 51015 Leu Tt®) lleeSeYAsF R/l \Gain@ys Abpvisp AfbeAlafinoTyedigr Gygi262630 <210>

196 <211> 32 <21 TP QF WE% > 2P02SEQLIST Gly val Pro Ser Arg Phe
Lys Gly Ser Gly Se%r?éviﬁ%r Asp P%%gﬁlr 1 1gﬁéﬁg%$§e§§§ Val Glu Cys Asp Asp Ala Ala Thr
Tyr Tyr Cys 202530 <2106d1197 <2Mi1>BR3<2domPRT k182 Chectolagus <40@> 1@7@hed/al Pro Ser
Arg Phe Ser Gly S | [ r Thr L lu Cys Asp Asp
Ala Ala Thr Tyr Ty?{:\%gggg%é%%@%qjg%%%%f gg?‘!j; fgﬁéi@%?o%igﬁs%ow 198 Gly
Val Pro Pro Arg Phe Ser Gly Ser Gly SER Glydataatsp Taviipr 154 0Lbrieu Thritle Glyu@hed/al Gin Ala
Glu Asp Ala Ala The J¥EEA-@YS: 11, (SEQ ID NO:210).

9. The polypeptide of claim 8 further comprising af least one of

() a Vg FR2Z domain having the amino acid sequence
WVRQAPGKGLEWIG (SEQ ID NO: 69);

(g a Vy FR4 domain having the amino acid sequence
WGQGTLVTVSS (SEQ ID NO:139);

(h) a Vp FR1 domain having the amino acid sequence
ELVLTQTPSSVSAAVGGTVTINC (SEQ ID NO: 155);

() V. FR2 domamm having the amino acid sequence
WYQQKPEKPPTLLIS (SEQ ID NO: 174) or WYQQKPGQRPKLLIY (SEQ
ID NO:181);

) a Vy FR3 domain having the amino acid sequence
GVPPRFSGSGSGTDYTLTIGGVQAEDVATYYC (SEQ ID NO: 183); or

(k) a VL FR4 domain having the amino acid sequence FGAGTNVEIK
(SEQ ID NO:206).

10.  The polypeptide of claim § or 9, wherein said polypeptide further comprises at
least one of
{a) in the Vi FR2 domain, a phenylalanine at position 46;
(b) in the Vy FR2 domain, a glutamic acid at position 53;
(c) in the Vi FR2 domain, an arginine at position 54;
(d) in the Vy FR2 domain, a glycine at position 56;
(e) in the Vi FR2 domain, an alanine at position 58;
(f) in the Vi CDRI domain, a cysteine at position 44;
(g) in the Vy CDR2 domain, a cysteine at position 59;
(h) in the Vi FR4 domain, an arginine at position 126;
(1) in the Vi, FR2 domain, a phenylalanine or a tyrosine at position.39;

(j) in the Vi FR2 domain, a lysine at position 45; or
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202530 <210> 199 <211> 32 <212> PRT <213> Oryctolagus <400> 199 Gly Val Pro Ser Arg Phe Lys
Gly Ser Gly Ser Gly Thr Gin Phe Thr 151015 Leu Thr lle Ser Asp Val Gin Cys Asp Asp Ala Ala Thr Tyr
Tyr Cys 202530 <210> 200 <211> 32 <212> PRT <213> Oryctolagus <400> 200 Gly Val Ser Ser Arg
Phe Lys Gly Ser Gly Ser Gly Thr Gin Phe Thr 151015 1050025EQLIST Leu Thr lle Asn Asp Leu Glu
Cys Asp Asp Ala Ala Thr @riﬂWWs@@Qﬁamm@xjmﬁmmmSSQMMD PRT <213> Oryctolagus

<400> 201 Gly val Pro S Ser Gl hr Gin Phe 15 Leu Thr lle Ser
Asp Val Val Cys Asp Aspg&ﬁ?&%llﬁ &ﬁé—ﬁg ns(?{/s % gé (653 SZB%n<fHE 3%5 SPRT <213>
Oryctolagus <4OO>\f2ﬂﬁ)@Wqﬁm®eﬁ1gmgaaﬁe inyBIGYy Bend3lyr8ereGlyclir Gin Phe Thr 151015 Leu
Thr lle Ser Gly val Gin Cys Asp Asp Ala Ala Thr Tyr Tyr Cys 202530 <210> 203 <211> 32 <212> PRT

<213> Oryctolagus <400> 203 Gly Val Pro Ser Arg Phe Ser Gly Ser Gly Ser Gly Thr Glu Phe Thr
151015 LeuTthr lleAAsrolvppptca Abpt Cysnspsspifitallya HihdsTyanT ymEysn20253%in  said

polypeptide comprises one or both of a rabbit Vg or Vi domain, and at least
one of

() 2 Vg FR2 domain having the amino acid sequence
WVRQAPGKGLEWIG (SEQ ID NO: 69);

(¢) a Vg FR4 domain having the amino acid sequence
WGQGTLVTVSS (SEQ ID NO:139);

(hy a Vp FR1 domain having the amino acid sequence
ELVLTQTPSSVSAAVGGTVTINC (SEQ ID NO: 155);

() V. FR2 domain having the amino acid sequence
WYQQKPEKPPTLLIS (SEQ ID NO: 174) or WYQQKPGQRPKLLIY (SEQ
ID NOG:181);

() a Vp FR3 domain having the amino acid seguence
GVPPRFSGSGSGTDYTLTIGGVQAEDVATYYC (SEQ ID NO: 183); or

| (k) a VL FR4 domain having the amino acid sequence FGAGTNVEIK
(SEQ ID NO:206); and

wherein said polypeptide further comprises at least one of

(a) in the Vg FR2 domain, a phenylalanine at position 46;

(b) in the Vi FR2 domain, a glutamic acid at position 53;

{c) in the Vg FR2 domain, an arginine at position 54;

(d) in the Vi FR2 domain, a glycine at position 56;

{e) in the Vy FR2 domainﬁl an alanine at position 58;

(f} in the Vi CDRI domain, a cysteine at position 44;

(g) in the Vi CDR2 domain, a cysteine at position 59;

(h) in the Vg FR4 domain, an arginine at position 126;

(i} in the V¢ FR2 domain, a phenylalanine or a tyrosine at position.39;

(3) in the Vi, FR2 domain, a lysine at position 45; or

(k) in the V. FR3 domain; a cysteine at position 91

wherein said positions are according the positions of the Vy domain or

Vi domain sequence alignments in FIGS. 3 and 4, respectively.
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<210> 204 <211> 32 <212> PRT <213> Oryctolagus <400> 204 Gly Val Pro Ser Arg Phe Lys Gly Ser
Gly Ser Gly Thr Gin Phe Thr 151015 Leu Thr lle Ser Asp Leu Glu Cys Ala Asp Ala Ala Thr Tyr Tyr Cys
202530 Page 52 105002SEQLIST <210> 205 <211> 32 <212> PRT <213> Oryctolagus <400> 205
Gly Val Ser Ser Arg Phe Lys Gly Ser Gly Ser Gly Thr Gin Phe Thr 151015 Leu Thr lle Ser Gly Val Gin
Cys Ala Asp Ala Ala Thr Tyr Tyr Cys 202530 <210> 206 <211> 10 <212> PRT <213> Oryctolagus

<400> 206 Rhe Gl S e.Ly, 0 10> 07 <21:L> 1 2> P T<213>
Oryctolagusl?gkloogf %%&E%Jé{{f&[&&?h% il %Jgf \17(a?1 EVI: }JBTR %0 <212>
PRT <213> Oryctolagsiset4tos @%@M@Ip@ﬁﬁhydﬁma@hﬂl@d@m{te Cél; 8680is24051209 <211>

11 <212> PRT <213> %%@@%%cﬁ% go@'&%ﬁ'&’r@é’&%ggrﬁﬁ Leu Thr Val Thr Gly 1510
<210> 210 <211> 12

wherein a Vg or Vi domain of said polypeptide folds to form a soluble,
non-aggregative polypeptide that allows selection at a chloramphenicol
concentration of at least 1.8 mM when fused to CAT; wherein the Vi or Vi
domain has a T, of at least 54°C; and wherein the Vy or Vi domain is not

camelized.
[3. The polypeptide of claim 12 which does not comprise a rabbit Vy domain.

14. The polypeptide of claim 12, which does not comprise a Vi domain of a

species other than rabbit.
15. The polypeptide of claim 12, which does not comprise a rabbit Vi domain.

16. The polypeptide of claim 12, which does not comprise a Vi domain of a

species other than rabbit.

17. The polypeptide of any one of claims 12-16, which does not comprise a CH,

domain.

18.  The polypeptide of any one of claims 12-16, which does not comprise a CH;

domain.

19, The polypeptide of any one of claims 12-16, which does not comprise a CH;

domain.

20. The polypeptide of claim 12, wherein said antigen is not immunogenic in mice

or rats.
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105002SEQLIST <212> PRT <213> Oryctolagus <400> 210 'he Ala Phe Gly Gly Gly Thr Glu Leu Glu

lle Leu 1510

21.

22.

23.

24,

25.

26.

27.

28.

The polypeptide of claim 12, wherein said polypeptide is further conjugated to
a therapeutic agent, an albumin-interacting peptide, a fibronectin interacting

peptide, fibronectin, albumin, protein A, or protein G.

An antibody comprising the polypeptide according to claim 8, 9, 10, or 11 or
an antigen binding fragment thereof;

wherein a Vy or Vi domain of said polypeptide folds to form a soluble,
non-aggregative polypeptide that allows selection at a chioramphenicol
concentration of at least 1.8 mM when fused to CAT; wherein the Vy or VL
domain has a Ty, of at least 54°C; and wherein the Vy or V. domain is not

camelized.

The antibody or fragment of claim 22, wherein said antibody is a single chain
antibody, a single domain antibody, a minibody, a diabody, a bispecific
antibody, or a nanobody; or wherein said antibody is an antibody fragment

that is a Fab, Fab’, F(ab’), or Fv fragment.

The antibody or fragment of claim 22, wherein said antibody or said fragment

does not comprise a CH; domain.

A chimeric or humanized version of the antibody or fragment of any one of

claims 22-24.

The antibody or fragment of any one of claims 22-25, wherein said anfigen is

not immunogenic in mice or rats.
The antibody or fragment of claim 22, wherein said antibody or fragment is
further conjugated to a therapeutic agent, an albumin-interacting peptide, a

fibronectin interacting peptide, fibronectin, albumin, protein A, or protein G.

A fusion polypeptide comprising CAT fused to a Vy or Vi domain, said Vi or
V1 domain comprising the polypeptide according to claim 8, 9, 10, or 11.
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29.

30.

31.

32,

33.

34,

35.

The fusion polypeptide according to claim 28, wherein said Vy or Vi domain
folds to form a soluble, non-aggregative polypeptide that allows selection at a
chloramphenicol concentration of at least 1.8 mM when fused to the CAT;
wherein the Vy or Vi domain has a Tm of at least 54°C; and wherein the Vy or

Vi domain is not camelized.

A fusion polypeptide comprising CAT fused to the antibody or fragment

according to any one of claims 22-27.

A fusion polypeptide comprising CAT fused to the polypeptide according to

any one of claims 12-21.

A polynucleotide encoding a fusion polypeptide according to any one of
claims 28-31.

An expression vector comprising the polynucleotide according to claim 32.
A host cell comprising the polynucleotide according to claim 33.

The host cell according to claim 34, wherein said cell is a bacterial cell.
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