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are also involved in cancer (Spataro et al., Br. J.
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| ysine |inkage, and wherein the.first |lysine |Iinkage -
differs fromthe second |ysine |linkage. In one
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| ysi ne 6-1inked pol yubiquitin, |ysine 11-1inked
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does not specifically bind a second pol yubiquitin
coniprising a different |ysine-linked form of -
pol yubiquitin (i.e., not 1(63-1inked pol yubiquitin)
WO20BHE0BAbodi ment, the second pol yubi quitin ggnmsmmamuua
1(48-1inked polyubiquiiin. 15In one aspect, there is
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' HVR- H2 R- L3 of
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mutat[onﬁ resgil ma erprazq 9 roq :‘Iﬁ‘l %r&c%ssg'lf aﬁ!i {Sﬂlg glg%%ﬁ%gtle %gé‘l Qgggoﬂ (% rﬁ)rotems (see

eny AIPRATR
MeNawgebi af 2lg NagreRvelteasct ROTRGANR (3@@1)) gHem Y aiuanpn@élave also been found

to segiifc%&%fﬂ% ﬁ,g% Ae%é%% et ATNRGAC LGt 824:9: BRBERIA mutant

Somsert tyr05|ne amno acid f is tyrosine;

- form ofybiquisindied @ergadp@f@é fredlse bing phirlkcimaris @atishi tays g gliciently

mcorpo@mmwzefygb@nﬁﬁéﬁg @l £ SkfabOR 15 8%:bidG AN Bﬁeré @53 1BE potentially

am no I's sel’ected fromisol euci ne an
leadingrie demipt ndibitian 6f tierheriaheddlag PrPiEoTHicHrqCERRE sysigRfam 4t al, Proc.

Natl. AkM%J‘@‘yC@'@'@J’ggmo 2 am no acid sequence k I in
rstuvwxyz a QID NQ 826), wherein am nq acid

kIt 3 qlesréhaﬂrt i aould hp hﬁleéelﬁlowi oty f@@?’%}“@%&f}"ﬁ%andé‘%ﬁﬂ}?és thaticap

distingilidh befvel a@%&ﬁxbﬁﬁlﬁ SBiS&RkthRine nnﬂkatgwm hIREto havl ddp@Siiods dhd

IS selected from_proline and cid ois
methods {hiatgeg ffectivg g eH pd gngdl a?%&% ﬁnrgaqﬁ?%g 9y gregiated
pathwaRi€ 186 £186uibh HOvia& Hekdn ﬂmes g& eh ammamm %c&ﬁd:tﬁbdfs i s

- sel ect ed fron1ser1ne and X é— H]qﬁ db

tHITeGTeRITe Cited hpTeE- RE Vg Ppight 2 ‘é’l’“é’B%aé‘ P§ ’8?H°§% FTCH%COE’HH“‘" Y
referende Y @&ik B@zet@ N0 acid u is tyrosine; amno acid v is

al anine; amno acid-wis aspartic acid; amno acid x

is serine; amno acidy is valine; amno acid z is

| ysine; and amno acid a'" is glycine; and wherein

HVR-H3 conprises the am no acid sequence b'c' d' e P

g h" j' k' wherein amno acid b' is selected from

glutam c acid, serine, glycine, and tyrosine, am no

acid c' is selected fromglycine, tyrosine, serine,

and asparagine; amno acid d' is selected from

tyrosine, serine, |lysine, phenyl-alanine, and glutamc .

acid; amno acid e' is selected from serine,

tyrosi ne, glycine, and typtophan; amno acid f' is

sel ected fromglutam ne, tyrosine, serine, and

glycine; amino acid g' is4selected from glycine,

serine, tyrosine, nethionine, and al anine; am no acid

h' is selected fromglycine, alanine, proline, and



and valine; amno acid h' is selected from al ani ne
and glyeine; amno acid i' is selected from| euci ne,
met hi oni ne,” phenyl al ani ne, and i sol euci ne; am no
acid]' is aspartic acid; and amino acid k' is
tyrosine. In one enbodiment, the antibody further
conprises HYR-Hl, HVR-H2, and HVR- H3 sequences
corresponding to those set forth for clones apu2.01,
apu2. 02, apu2.03, apu2.04, apu2.05, 35apuZ2. 06,

apu2. 07, apu2.08, apu2 09, or apu2.10 in Figure 16A.
I n one enbodi nent, the antibody further conprises a

HVR- L3 seque c@ggg Esﬂr LHNEE aci d sequence ni
n-o p q 830} reguiating
Wr@sctmsumpmld% maveﬂnaﬂ’if glebéﬁﬂaﬁl?gg E) ggé’lls W

biolomga(?ac%v%gs%géaf&f‘H&?ﬂﬂﬁ&qmﬂm no acid n' is glutam ne;

is selected chi MNP Sindea first
L I Bt e i R e e

bind
polyubhqrﬁtm%o ggq firkt 3y sl RRAge OwHerdmths aﬁibﬁ@ @ﬂﬁnqtyﬁeﬁ@‘:ﬂg ind 4

I s sel ect ed f S for@R the firvl ©SHdBrkage
secondardmbtqacn dormprising asgeend; g ¢ r‘g( é%ﬁ ﬁe and t yrosi ne;

mﬁmﬁﬁgmﬂﬁué&hgbkmeh§MQ@|eCted from | euci ne, serine,

roline, and tyrosin deddlty bSdP ko bdlndiquitin is
t01"19re§'§‘é¥ﬁ‘3“t S%MS% e(? tﬁ;’&hfﬂ}aﬁ;‘%gel ected. frond bogiment

mnwd&pggg&ﬁﬁé&m&%ydb&akﬁqmﬁﬁeﬂb@ﬁﬁﬁ%%mmﬂ%%“Fb Phe™a
amno acid w is threonine. In one enbodi nent, the
anisolggft | body further conprises an HVR-L1 sequence of SEQ
: ID NO 79, an HVR-L2 sequence of SEQ ID NO 80, and
an R-L3 sequence corresponding to the HVRL3 sequence
set forth for clones apuOl, apu02, apu03, apu0O4,
apu05, apu06, apu0O7, apu08, apu09, apul 0, apul 1,
apul2, apul3, apul4, or apul5 in Figure 10C. -In one-
enbodi nent, the antibody further 10 conprises a
HVR- L3 sequence conprising the am no acid sequence
T QQS-S-- SSLI-T(SEQIDNO 728). In one
enbodi nent, the antibody further conprises an HVR-L
sequence of SEQ ID NO 79, an HVR-L2 sequence of SEQ
ID NO 80, and an HVR-L3 sequence corresponding to
the 1-1N/R-L3 sequence set forth for clones.apu2.01,
apu2. 02, apu2.03, apu2.04, apu2.05, apu2.06, apu2.07,
apu2. 08, apu2.09, or apu2.10 in Figure 16B. 15l n one
‘enbodi ment, art isolated antibody that specifically
bi nds |ysine-48-1inked pol yubiquitin is provided,
wherein the anti body does not specifically bind
monoubi quitin, and wherein the anti body conprises an
El VR- 111 sequence of SEQ ID NO 269, an Il VR H2
sequence of SEQ I D NO. 285, an HVR-H3 sequence of SEQ
ID NO 301, an HVR-L1 sequence of SEQ ID NO 79, an
Il VR-L2 sequence of SEQ ID NO 80, and an El VR-L3
sequence of SEQ ID NO 317. In one 20enbodi nent, an
i sol ated anti body that specifically binds
| ysi ne-48-1inked pol yubiquitin is provided, wherein
the anti body does not specifically bind :
nonoubi qui tin, and wherein the antibody conprises an
HVR- H1 sequence of SEQ I D NO 701, an HVR-H2 sequence
of SEQID NGO 712, an HVR-H3 sequence of SEQ I D NGO
723, an HVR-LI sequence of SEQ ID NO 79, an HVR-L2
sequence -of SEQ ID NO 80, and an HVR-L3 sequence of
SEQ ID NO 734. In one enbodi nent, an isol ated
anti body that specifically binds |ysine-48-1inked
pol yubi quitin is provided, wherein the anti body does.
not specifically bind nonoubiquitin, and wherein the
anti body conprises an HVR-H sequence of SEQ I D NO
701, an El VR-H2 sequence of SEQ ID NO 712, an HVR-H3
sequence of SEQ 1D NO 7234zand HVR-LI sequence of
SEQ ID NGO 79, and |I-1VR-L2 sequence of SEQ I D NO
80, and an 1--1VR-L3 sequence of SEQ ID NO 734. 30In
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(S3)
Lh

5and net hionine; and amno acid j is histidine;
wherei n HVR- H2 corrpri ses the am no acid sequence k
| mopgr st uvwxyz a' (SEQ I'D NO 832), wherein anm no
acid k is selected fromserine and tyrosi n@CTamMe/062113
WO HRTH#I%4 s i sol eucine; anino acid mis selected from
serine and tyrosine; amno acid n is sel eft eg fro\r}r}dﬁd
antibod& Eﬂe&%c@wmaeampolmm@ua@nla“;@aP§H @Sﬁg@g %CEEB%M
erine and r osi g LAvRiduiine8 hiech sbecmtiysine
wherelnglérﬁhfrbédﬁaﬁ)as ’E%TFB%‘)F#}}GHY Pie aﬂsgcoglcb yqm:us1 sel ected from h
linkage, a?a%ﬁa}h&%m%[é%@iykﬁﬁé nﬁageal[ffefbd:roaﬂhﬁczzwmﬂ 13’5“1?1:3;&15’@019 ;&g ef:b%ll“em the
seilne an S %, lySad NRGBE fEyubREItino
antibodyafpitgr %Pe?lgcagég’@gf b(amwgﬁegg?i?ﬁdé énd&tlglr Qs H-i“ 1 Eﬂ N0 e
tysine 2RI pbifSichirOSHine?s- m%dwha@mmv YﬁwéPé °Y|é€ 1
Wis a ci di gig)am X|ssen|e
48-111’1(351%?1}‘?@“1&5’1%0@3? T H\;Cl}nﬁcdep; a%qaﬁo aci_d {gwﬁﬂkcg
AThOGnRaindnRah Bolley eitivedy BHERINET & bﬂld?;ﬁlﬁrs conpr i ses

the am d.s 1y bindg sedond polydblomitin
poiyub1q91m1|b9 PTan(?ﬁfL' Vgllgﬂrm{l %1%%%%%&3’/ Boes g(;t gklgirﬁlﬁganl]}g TrY 19 Sf:dd zIPP ¥ %[m) -
compnsﬁela @i@ﬂaﬁﬁi 1§ strenirtked fome of @I)(ylbvélﬁﬁhe (ge PQ} g[j g}?—fg? RS yul olg

embodm@ %,’ Eggﬁgﬁ‘gogg}'ﬁ%%n%i(@s _Gukedi SorkBegliect ed from glycine,

cine, glutamne d serin 0
ﬁlQ)anerﬁbodin&n’s eh Eoluted aiidefi ﬂlyﬁ%}ﬁq@ﬁ‘f%ﬂgﬁf A5 E63 e

Gl ot L SLRUSNGS aaThapaLdlyind sesBll poy it

,~--fpolyub1€fl%ﬁﬁpc’§/‘? ar gl ni ne henyl al ani IDH( ¥ tl}% i&?@n} Inone ,
compnsiﬁ]g anirent Teshe- lpﬂ@di fquf Blmélel(ld: PO I{@ ¢ e[%t eg rom

A5 840 oty digitgl yci ne am no acid :
embodméﬂnt 8@ 8%081”61&0@%%5 ro%g]fé Ut ani ge tyr osgncﬁl sel ”aFaﬁr olyubiquitin
meyﬂpadnamme proaiued sreibdlatest anglberin BatRcEioply YIS 88T &c el o
from cin th 10 Lk REORRSMking ayﬁd;dﬁélys]aﬂunkaga wherein the
comprisigg éfﬁ{sglé(g/l 5 5&5‘8&’1”. slbfsel ec?m&j f m tyr osi ne,
first 1ys1§é lﬂaﬁﬁgg ﬁ;ffeislﬁysmtmh@nd lyghft}tfﬁ%ﬁec“’lﬁﬁ (I ne, and :
ﬁ%aeu 1 A ABlgHish, andl Shaeib eictagibolly b;mistthwmémalﬁublqmﬂﬂ

d"f’s’ms@% ine, ty rosine. and al a | i@tk b Sdy f
mthasmhmmﬂse@drﬁqc@)bﬂnﬂmﬁﬁff@ﬂﬁ Ao %J?E%e}fnﬁgq ;b gfﬁrﬁﬁgo and

tisg acid, or is not present; amno acid ' is

the first g(ﬁﬁj%gqt ed fromt '
erSI ne, serin 9%481 Kked
thasmphaﬁlereoﬁ prayidgd e bs[oggegﬁptl Ogﬁ,l a o%g%ﬁ%m Q‘ﬁds 15 kS
lyubi u% & tel%ﬁil tlfler aﬂmotjy A3 h(ﬁ@peclﬂ&ﬂl@bﬁ]d ﬁlomblqiultnam;pnger | ne, or
:;Zidflp;ﬁz @Vzllt aqaitg)r‘)g; %F%%?Wnses atclefg‘é &I’?O réﬁ%tgig-ﬁ\?i);sﬁc]@;ﬁhce selecgcﬁd from
VR HVSHS ehecte dufd vk LAnEaiuns SEQEP NRe: 1-4all P vt/ 963675 Boo-
150, oYt S5 DR IShOp ] AP0 b prR senlybc A oy s 5>
77, 203- E?}t 597031'1 N 0- 59171 dmﬁWﬂ mmq end $0 Irgle%p 13p§9gsaéaﬁt'fzg 5{;1, Wa)ectwely
In one egbgﬂ@peﬁxé ﬂ;e;pt?‘ti? V deﬁ ‘;Jngl%ésyaft %?ﬁt 21% sgc%le%ﬁ'rsﬂ%t;d&gtﬁirll IéIXitT( -HI,
HVR—Hf FRM-Y, rvﬂz%feﬁﬂl—l\f ReM L tareyrisariek a@piwqcﬁléequ&me ad cr{joet o lrl] (59(2 D

resent, .amin G ¥Cis PR Pk lakific; ABkno PLIE S &ndsparaging;
NO: 8253,,1;71]%@1%}1160 %C‘do?g %ycflect ego f romstri}et11 ni ne and

amino abi€ H&lsBestedFont Saliot plpmésleame legeis 94 g?e&cw agno acid ¢ is selected
30as art i c aC| d; Sii cﬂf‘l rféomﬁgd) ghiove is gesectcyirfmm saene and tyrosine;
from Scrgg@En oaq nti body furt her co ommolsé i g
amino a&‘h/&sldlslectéﬂvaﬂwama rld BVRIOEFOERRATEH CeS U8 FR8pONAT Ny t o
th t f 18, tid sequence k I'm
et Lttt Lo
nopqRdvidBy z2’ (SEQ I NOOHE)- SHBHH po He anti" 8

co r | ses_at %%@eﬁtﬁ o%{‘g%nﬁ%@eﬂﬁﬁnesﬁle@tceﬂn fsrscimterel\fmm-nmlmﬂ
isoleuct wher ei n H\/R— H r| se %Qgec@eglﬁggl serine and
and sen@%rﬁﬁnsmdjemwoalbedé@g?ﬂc} P(%E@’Si‘“ﬁ?% d‘g% wher ei n

m no sEHa; ﬁﬁmdihcid slisﬂueonme amino acid 1 is

glycine; 61’?@%?@ r?elﬁ%éég%ﬁ%gﬁﬂé}??gﬁ?l s asparagine; anino acid

d is selected fromisol euci ne, valine, and | eucine;

amino acid e is selected ffrom serine, | ysi ne, and

valine; amno acid f is selected from seri ne,

tryptophan, glycine, and threonine, amno acid WO
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20

20NO 835), wherein.amno acid a is glycine; am no
acid b is phenylal anine; am no acid c is asparagine;
amno acid d is selected from'isol euci ne, "valine, and
I'euci ne; amino acid e is selected fromlysine and
WO IakA3he; anmino acid f is sel ected from t hPEBHS2986/062115
nethionine asparagine argi nine, and i sol euci ne;
selecte (I),{n Feélln%%edﬁgosmema 1218%0?1 flsrncf)rlronsszgegeellu n?dz%vfsllr iamne ar%?n% acid w is
aspartﬁqacxzisauneo amds:ois suierrind @i meqhnamdmpheldylmaya:m el amino acid a’
is 01}’81‘?%, %Ircgn —Z—I’ﬁ:%%nﬁﬁsteggm rrnglg]a!:lﬁ % & lt’]fié P& (ﬁn%é’qf 1 ri’ k1,

T4l he:
whcremw&aceﬂmmrsﬂsesd fréve glamnmcdcaedms eljcirn ewl tkropingremmo acid ¢’ is

select%%?ogam %(19(%{%% ﬁ&m@ segne én%gga{f%ngqim&%@d d; }gs:!?%]cgédr}mwgine serine,

ani ne
lysincazﬁewlarhxﬁ@ and @loearné arad; amimo peid acip eklagtei! ﬁom gtraettmgsing, ghyrine, and

tryptoﬁlﬁﬁ no ARG BYGLARY ﬁo?d“giut‘éﬁlﬁl‘@ o, scART, B ﬁ;‘»‘dﬂi %’uh@%ld g is

ol | ne; am no acid p1s tyrosine;, amno aci d

: Selecteléroecalwef sene. e eritierveethipyipg gndaningsiming 3oid b splected from

glycin® GlabRAE pro¥ad ahd ié@l%&bﬁréaﬂmm@mlﬁ@ is86lbded fronSp e AR, 1soleuome
amno acid s is selected rom 30 tryptophan, valine,

methiogigie; ARaine iy daeige, HE s RaTgFsARtr ANl it i P lﬁlenmwﬁlﬁ@f present;
amino @&l § it adpsrtit Beid: 8RN kAR 2@’ RAyRGhE TH oheSenDBliREA 6k &fu@my further
ar |n|ne aspar agi ne, valine, threonjne, serine, and.

compris HI gl R Za it VRS Seqppisss shEespapiinggo fpepecpet{oity or lones

~ apu01,8pbeod a@ﬁm AP0 pags, Gpli@6|a§u(ﬂ7§ﬂﬂ10$ laﬁuoace:pﬂlzo Ul )@paC) 4u)B, apuld,

erine; amno acid z is valine; amno acid a' is

orapui%ﬂf\’v@ms IMyandi®fo acid b’ is glycine; and wherein
H¥RnEns @Rt 82 Sntiftdy adtiptesast ookt SRGUEBER s€botd from HR-HI,

HYR 8, BYR b3, e V-] oo i atiio gbd {1 pQ

- NO: 8245 inthe@in atrﬁnogicmtﬁnglgcm hkino acit hds ;ﬂnemwﬁh?amns aﬁrymmidrces asparagine;

i S _tyros m no. aci.d, h’
ammo acrﬂ 5] 15 1sgic:e|u(anfg aming agid ¢ 1st sefgetg% goné F’ﬁ: e and and (c:]JyIa,llamne ino ac1ed fis

tyrosmt,ynmsn anig,g Iasden'@d ﬁnmdcﬂue an$ glyéme eninn ec;ld hmsdgcteakfmh deringsand
glycmeT Llﬁ‘ﬁlb D&d ; g@l&?ﬂgﬁ%hqsdgéucﬁ%aﬁcﬁ%tﬁ%@ fnd aﬂfﬂona%ld%% hgs‘uﬁme

as ar | C-acl
Whm@m@c@ma@@wews@@%mmn@ kdm mopach tu oW xjysza’ (SEQ ID NO:

828}, wﬁ&%ﬂ%ﬁ% acﬂdrl)( 1@&%11@ hadipRnts 1sotle!?1€m@ BB Gy nﬁ?%sin@ Enino acid

H2, ario VR- H3 sequénces correspondi ng
nis Ser% aﬂﬁﬂiweldseﬁ tyfaspaerantipg acd s §F0iAniaA acidfyy Seripg amino acid r is

‘ryrosmf,a BMBo Add s MkBorlifb, 23RH 3cif Pis sGRE IR acRRUSEEine. AR BB v is
apu3. 09, apu3.10, and 3.11 in Flgures 23A and 23B. In
alanine;RENQARKOY IS REITEIC ideaBIRNG REGHT SEFFpIIEYILY 1nyang:gmino acid 7 is
lysine; %%%%d%eﬂpffcﬁie%d Wﬂ@reﬁmm%%ﬁéﬁmacw sedfuendt b’ ¢
. % in amno,_acid | utam ne;
d’e P%rﬁ hd %éﬁ%Q NGs %?Wkaqrﬁ%nmaml% isgefegteq; from sering pdglysipe;

amino &IQMsHRbRL AR adil G OS bdtBe; @i WiAL is@elthedlﬁii) o6l 2
from.,seri and tyrosine; am.no acid A i ectg}a
tidine;

tryptophap: ARRGACH e 1S SHACES TR FHES: TR T TEBIS BB, @@F’é‘&@

amino aﬁﬁ@,rrissaédtaiefmaﬂgufamﬁmmn&ma Neubifie @mn@lla@nmé; nfeeilceﬁieeﬂpamgme
am no

y
and vaiyg BBt i SR 0 SRS T Oy YT dseeglt frm eucne
methmnml phﬁﬁ}&&lﬁﬁﬁe ar@ifbdincie; athido dci JSBIa@Gﬁle deid;aodaieeigiidie is

i S, 10not . 1. A0
wrosine; g B R e Ry PR AR PR s R e i
sequencanxdrresp@rllchmg:tn Hese anﬁbrthlﬁdrmbmmde @, a@@é,laeﬁ@dapﬁlﬁﬁmapﬂ.%, '
I OhpH 0 hr j l.al ani ne I n one
apu2.06,23rﬁg%gfig ﬁé‘ir%tofg’ atpﬁgf}%%? ?%“égg Hgglgﬁtr%%llg%s an HVR-L1 sequence
hlfonSE@adanmthﬂ@ﬁb@dy fisiRr tnpgiscpudATeLdfeqSBEC doDphidng the
ino o8 g °(GRI PR - i
amino oot B B g PR - PR PSR, Rk bl g s
apul 9, apu20 apu2l, apu22, apu23, and apu24 in
Figure 11C. In one enbodi fent, the antibody conprises

a 15 FI VR-L3 sequence conprising the am no acid
sequence QQ Y-S-S Y-S S-L-FT (SEQID NO 772). In
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giutamin'éﬁ‘ﬁiiﬂbl-hbﬂd%tl isglumniise; prigwiagie ) 1s SR TR R e 2

| NO: 728}. Mn omerdediwent, tha wyingfy

‘nonoubi quitin, and wherein the antibody conprises an
HVR- H sequence of SEQ ID NO 744, an HVR-H2 sequence
of SEQ ID NO 755, an HVR-H3 sequence of SEQ I D NO
766, an HVR-LI sequence of SEQID NO 79, an IIVR-L2

- se u?%ge of SEQ ID NO 80, and an El VR L3 BeHUBWEE S

“Oé%’%.‘z NOQ 777. In one enbodinent, an isol ated

anti body that specifically binds lysine- gg(%tle,ﬁjgg§ql&%§§ci-i
~not _specifically hi DR QUB Ll iom sai awdgToging 2 261
p’ is selegipd FHOEYE Hﬁgﬂ‘}éﬂé‘% agﬁlo I—I\/R‘Eil H seq %gncee of %I%go LR NObo acid
s Selelg:t(%%/ﬁgna?gh&ﬁé frson @'?m@ .@m@i ;?ng 8&?& ngBZII,VR} E%lno’; preécnt:

] -113.sequence.. kiR 0838y i|mpro rliginot T ;
i selegtglfpene e e §Ed?1oBQN5 79, an HVR L S8 u,%%(:dﬁ%gf%@ﬁ@is
omino s Hadlas S ﬁ-mtnpmm}awg Sﬁhﬁe@m]eg%ﬁgjﬁmﬁt it FEBOIRATC:

_hi_ one aspect., c 5 sehyi :
threoning JR0C @P‘gré‘lﬁlﬁtﬂlggl%dgﬁm nant PZ\?I%#?QOI g{luf?éo%'&%iﬂlngat% e HEVR-
79, an HERIL2Bagyncohf SHY IRNC: Ao 28t Br'ehnt POfed” ant ibodi es i s .
13 soquf)l Q80 WheL eh b oA Bkitbag diess, AOSSpED] fa.EhFTY

sequABES L fronoubiqui tin, Discl gﬁ dis ahlrbold?(%@{h@qnﬁbody further
apulo,a@ﬂﬁ,iab@ldyapui‘&tapldém}‘@?’é‘é e @6#’ %?1_e af or enent iTo(ne D

s QLB €8, O colipfidh o D akin whiscpi Q1> SlrErfeh i T

comprises A FF V5 45 es ot SDGC%QZ%%I}/%SQSIaglq{\}EnggéﬁbémEQm.NO:
nent1 oned anti bodi es
i £i cal | yohi RSic: 80, andel BRI Guedubrvatetsmondiss iy YR
79,m®§3§ﬁ%qug1%68%§%nt - the a tiwgf&yafu?@“% 2 (ROt Spu2 07,
I3 sgqudﬂ&gswaﬁmhfoodm@fsaﬂh"empﬂuﬁﬁ iUt Aated glgot’ei n. 1'n one
apuZ.OS,erqB%gl ﬁ%.lotiggig@fgﬂ@ody further nodul ates at | east

SR&"pol ytibi qui ti n-medj at ed .si g ¥.1inded. ONE
e hoditvsment, Fh5é°1a‘ﬁ’fl‘ﬁlﬁl?8§7 gﬁf?%glr%gq”'r}’%fdg ?{S@gt i_ll cast

LR ik Tho RBHoa} @sts sotgpraiiceily bpatpRRAS T Bife

. one.
' POly“blqéur%ésg)?rrent , the ant]j %ﬁ)g%gfaﬂ% Eihﬁiq Fiidwcat 83nat-Hb eagince of

wherein O entiolyemPEs LR AL e srgnating pathway. | :

el AL
\tor - = :

75, m VB gLorEtao SOMpPT S e *HicT ol o der d S B0V S8 viced

embodinldlt. AEoIASPRGkodyahiiasdcifells biedskiedPiigkadpeYRET B F's

provided, |n one.as sih 1 R wheaEa Hle @ntivbdy comprises .
wherein gqe@%ﬂy@qi}ff&e%wt 5&%831%81355&%? mt@?]cfeﬁﬁ {111111, W e

o HVRIH :0R€nRSPSEY 1D al0Msbhod FOR-B? éq'sﬁ%{cﬁéf% fgﬁg&{,@g;ﬂgﬁmﬁs

“the disclo e i ] 4=\ £ [ SOND, anHVRsLi2rsguance of
Sequencﬁ’n‘%fsSFQéjélbe;?z{rﬁpiEzYIg%?g g%legi %mggi d nol ecul.e egngngg&ﬁ&
SEQ 1D Noes@aid hatyr-In derueocrd SERSRS Qitfét o "1 1 CqRFT"bo ybclni s

~ _produced. |n _ one.aspe ‘ istpk@file ¢ orhpreinghavgtipgty does
antibodyghat g@flﬁ%lyg%‘ﬁ ﬁ’tmg%@ g%kgin@%%o y ofspir he edi LOSHIL Ié%lgéjf)f

not specOBAlyBARACEI iitalahy whoes heabl I FPHEY € Pr ovi

In one a " a hag:pin kdenti mEvRyEBheppree sEFEID NO:
SEQ ID §P: Fi Wﬁ?gﬁ%%eﬁu%?éa -pcg%)yubi ui tinat ed @E@tﬂﬁm-%@ .84 an
723, andSANDLEsdqfienp VSR ED NELAPrPdF TOREUEE B GEER Sanpl e

wi th at f%ﬁﬁﬁ e5anti body of the disclosure. In one
HVR-L3FeHERte 0 re’1's provided the use of an effecti Vg}. 3 finked

AMRUALQ] hatl i gasliedoneisantd bobylyghat sprei e & s ¢ &5P5H>

the manufacture of a ned] CaNE: JRhodbhGithigateeNt  of
pOl)’Ubiqa.timiV@@-gg éle GFtle@/n(éﬂei 1]106 ﬂ)e(gécs grg?%% %g%\llj\lzgl Ell(t " sequence selected from
embodiniyshegtibatyi fotha oppiisth Bileidi T TH 4 pa e ,)tg. oy 2336 599

: o e ! o 800229.236,132%: ]
. VR-H%EI%%?{;{{R-% 2 &, IRERG 3f@hnyt STSEY DRt 9129838 $ea

on assocl ated wif gul atd-20.76d. SEQ 1D NOs: 101-
629, and@oP-y4h SHQIDINO: ﬁ1~a?9p'zé‘tlizéﬁt3,3|§t3%é’s6nﬁgtg ﬁlé%]idcggpr i'si Sg :

109, 25348, ﬂ%%%@%ki‘-@%,%p& he:-pAL, beTSEQID BDF:8ct-Pela bt BFPectvey:
»“-at 1'east one anti body of the di Su%1|1 %%&@Bdf}o%mg_m, HVR-H2,

Tn one e@bditokinhgrtaptitiode CERPTER £ Ipast ey crj&iband p?é]:a]erggEQ II]?NO' 831)

ne_enbedi. - e qRakdieicid sqlrorrer®. ¢ 4 ht Dh S

HVR‘H%‘?‘%%T i ment g??%gp%%gease is selected fromcancer, a

nmuscul ar di sorder, a ubi qu}' ti n- pat hway-rel at ed

genetic 35 disorder, an imune/inflammatory

di sorder, and a neurol ogi cal disorder. In one
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assessing the effect of said contacting step on the

sanple. In another enbodi nent, an isolated anti body

that specifically binds to a |ysine-63-1inked

15pol yubiquitin is provided, wherein the anti body

woORnds2384 an epitope in the |ysine-63-1inked PCT/0S2006/062115

pol yubi quitin. In one enbodi nent, the epitope
SR MR GRS R TR
acid d|1sys$ledftai' foin k413K @€blaacthy/ Wi plityldldhine] dmigywoideas sefed@d from serine and

o IR I 0 GBLL 08 NCLAGER B o1 R0 551 HS v

tyrosirel @nid®Pacidler seZ&isd/%&‘sﬂrsEﬂne andyrdoig; ahﬁhb—aBﬁ i 1s$€]bet517ﬁ'om isoleucine
her such
ot R R iy TR IARR T oopRiB BBy BT fprce

Imna Im ﬁs 13800 nd b {30PQ1 1D O: SR Uwhdreis ehipe teddlk fsselptdddpnBserine and

tyrosm& amu%ioam I 13 1s<ﬁﬁflcm&rammf)2ao1dﬁ3§ 15 %%%pte%%%g?sgﬂne%glg 'Brg‘%n)?;_a?:gno acidn is
selectel] fromalpmlineandsswm amhm @huhtels Bqleddd’eﬁoememméd imehadesnogcidpis

selecteg g"?ngltcs%ng\g %?J %Heamfg) ctg ES}H E%in@ ar?dt)@;%ﬂfe anﬁno aglg ris

selected &om 5@ ine 8ad ty®Fine; Agynosgid SW@OHB NHEO 831(1 tigpedpeieil frmezenne and
{ I

tyrosm@ '?J.bqllljlﬁal atc d%q %rotgﬁég, a?:%g)l agﬂg ulé %arﬁne?] %ﬁ?&é&jﬁ Esodéf)atrﬁ&)c;ldgasnnno acid x
is sering; |aeu®@czdr?r1@vme aminy-aciggaglysig ﬁnmln%%@aﬁglyweganﬂzwherem
HVR-I‘B%HIHB§868 A Imid acz@gtg]hgcy R e fgh i P iONG ASPee E]” 8w

I solated anti body t'hat speC|f|caIIy binds to a first
whercingnipe pidiiis ictreled FpRisgimmlutic agdelibhe S ByRbIYaTHe ﬁﬂd c*is
selected Rorf gfy{:ﬁ‘é ttyr!)s\l&' ROelcER] HHSnidt, afd {ehih® bmRLA0 438 bdbcted from

posi tion ubi_qui tin nDIecuIe |s §TOVIded wher ei n
tyrosing, ﬁﬂéﬂwq%%ﬂrymd@éésol%}fm% BEip peid ) 1 SPlsteA fomSreginee i ginie:

'phcnylémﬁlhﬁé U ipetishdr ﬂaxﬁ:ﬁHTEHd 361G adfind RS is IR tdITRPEPbILES trjamﬁm '

second |ysi ne ue at a secand ann
serine, SRR TgHO KA AT HeE BT, SR B Qo pine, and

valine; irmhéi hcuali\’ds {chetcs eoandcihE] th@orftk] ﬁmﬁ@ﬁ:ﬁﬂ, iySins, aﬁh ]frf)lafe, anﬁﬂo acid

ST T N N T

selectectfemﬁtryq:hopﬂr&r, nseleaﬁilel bmﬁyi,e, aad hlmn'em amad agid ki ib @dbﬁted from tryptophan,
nan. an |bod In o s

wrosin HBf B SR ero b OB AR LSO E1RPL HOR AR, serin,

phenylalamnb,gndlwptwhmam is lygtiyesgmmgcewdm insetasied rﬁomgﬂ%é@, partic

acid, an@&sengi,e ! ngﬁgese&bM1$9 %(i%(?’l? %?ch fo‘@ F@lg%?%g%ﬁmé(g{la}%%e?r eIS 1%0‘[

di scl’osure ‘can eng t

 present; @wing acidg’ fsselerteifronsoonips, ﬁ@'rm,gvahmfs, glbitiheg e thyiovief, pigjs not
present; %8%%@1% [Bt )s s dafgbglggge%e?%g?rﬁg am&, Igtfq'[n@ théhi&{il%véng%oﬁ@: oris

b|n
not presammnqmgtq' ps@e]@ctachfnpxg baesne, alanv@ and glycme ot is not present; amino acid

7 is selcfdf Eé%g&n@gélﬁ@ggpmzéxénﬁﬁeﬁt %ﬁ%lﬁ) I':Q}!yc%% of ot

ure shows riomary structure

present; gping lgrig tiis solpciah &O@c}#élﬁﬁtﬂilecﬂ“@ feagige, elf is e@m&% amino acid v’ is
aspartic 9&& )éH&JﬁxﬁliHb bdidviiS QRA{RE] Bk bx'ﬂif&ﬂﬁe%t, tﬂ%‘ B Ry ml@ffe

am no acid sequence of human ubiquitin (SEQ
HVR- HWVRBH?)and MYEHE ey s Cﬁ’éesp%"éi%l}%g“’?eﬁﬁﬁ fouth fagelongs %Il -él apuls,
apul9, aymexﬂuw @pliob eapt:zs Eﬁ@dghbﬂ hiFighewsA andsiaBenat i ¢
on

epi ction of the formed. between the |ysjne-
Wg? RIS, 5 SRy CRMBRIEER ¥ 154°" B BEUFRE © e s H9r3

HVR-HICHIVRI-H3, Riblere@l FICR MR do@piighhl the @fmra aSid e@nehcti Db gdict e 1] (SEQ ID
| ecul e.. Figures 2A-2C, sho v hain HVR |
wo: s33] Rl i e TS FBGT s dt ero T BN, e el Baarinc
amino ack®ie sflectal fom kae@ynr zling akdiBaditenisido mod /i b&hﬂ{:ttld thiofh, serdute,
. described in_Exa si gnat or
sine, a5 i PR e P AR S b AP B SRRk eang Pkgpipg e ac
recogni zed K48 l'inked 10polytth|qU|t|n The
desi gnator "both" indicat#&s.that the antibody

mol ecul e recogni zed both K48- li nked and K63-1i nked
pol yubi qui tin. The designat or "all" i ndi cates that :
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Human VH subgroup |1 consensus framework m nus

ext ended hypervafiabl e regions (SEQ I D 35NGCs:

116-118, 844-846, 863-865, and 882-884) Hurman

VH subgroup Il consensus framework m nus Kabat CDRs
wolhi2434 NOs: 119, 847, 866, and 885) WD  PCT/US2006/062115

2007/ 120334PCT/ US2006/ 062115 Human VH subgroup |11

consensus framework m nus extended Ef%(f:pervarl abl e

&8 selch:g |fr@W§elclgE@qW giy?@e,la?:g_mo Eg&]él ig cteé ér?mgggsmeaﬁaleucme

leucine 388 PR Sk AT BRI ¢ GaRtQEd FindRBEWRIN afd xﬁbtﬁmﬂﬁa@ ahd £bRsacid j
( NOs: 123, 851, 870, and 889 Hurran .
is hlsudﬂ@c'gb?%‘i‘ HY R et Rs s 1 e S ERcf HEFR/AF 5'ff)f BYWRyzZE

(SEQ 16 8@ 908, ki MNEBG ackiRdis séideddd fro85ro8he3 pheyihiafind aspanid acid,
wnoonta S s 1 scpaior. 2, Lramelk suies abee
glutamiAe e@Rb @id 2 iprateydiito Aidwis teosinenaldah dejdyeis vadcied o leucine,
R UINE AT AT T T
from seﬁﬂ%l, @i:bbﬁn& Jand ﬂ}@kdlpﬂﬁij adino ke P & tsrednirepanind acaxbﬂ’lsmmé from serine,
sprssyp RS0 SR AP SEONGOHE e FPNRUATE YRRt T R i

aspartic 23d;, anfhiBh/acid¥0d scridt GmARZpidhiuisreatin// Iamkappld z51 bgm@upd htpilno acid &’

ensusrﬁ\@? \/(\:glglkns %Qaﬁola\% 132 1898 o g%h’aﬂQl(SEQ

.. .con
is glycingy app group W cdnsensus fr

ID NO: em@iiefani\d@no B8y’ @g@tmngca@ld g SOy mﬁyxgmm apindepd dtis
tyI'OSI.ﬂe an?ll}.o X\C@ C IS glilg%ﬁ%%]%%%ﬁ%eé Uﬁ%ﬁo M%Cﬁ iS %BSH%D g:runo aCl-d

heavy chai ns ers sCri pt/bol*d indicate

b is thraningomem adidgbis plnioeemieseidd in goleerineatspino acid K’ is aspyrggacid:

sl -
e 0] A APt ) o,
H3 sequengprenogesppmpstiridso |th§>s¢ setiforth fas clopgsienaldi 8PuRd 3 vl apu2. 14,

--apu2 15 %@@{@hﬂb@ 15 Ol b tuoRiogiHI8 B 8 E el aya heavy chain

sequencds of anti- pol yubiquitin ant| bod¥NR' |
meerafp@gn@b dheiapikody FYmITEEDY #ﬁa%ow‘gsemcq el Hl,
HVR-HDORUBS Qe FVR S Ict%ﬁlgﬁéebeﬁi atoihoXia BRjugncd Ab cﬁhﬁ ¢ h1j(SEQID

20fi gures show the heavy iin HVR ences
NO: 835%11%]13%1 amppeAcHisis élﬁﬁ‘%r‘mﬂﬁ ﬁﬁﬁblf I?Pamé%i' a%@??éfﬂfi’mﬂ

amino ad ORESeH I ROkBAYR, ﬁilﬁn@ FhdRudes, fniab adi(h&s Isﬂéﬁt@l&hﬁdlysme and
are nunbered-.accor

metiiong 3pyis SRS DT ARy B4 AP PR g BaT oY Hoacine
amino adid 14 &ﬁ&t%cﬂBglﬁé]ﬂdehﬁﬁ,\@d phﬂwlalah-MR amimpcéduehceds roh
s SR AL TR BT TP SEULES. ARSELILIAL
methionifm @fPdreind Avid ik BisBdhd; gahﬁem }E’\I’R}mmhaprhwhq/ amgin@ hakd sH\ztRnce kim
L
tyrosine; aﬁnufd aanti i ez;olendnc ameﬁb apigiis sefrated Api noingchdevpms.iand ‘dﬂrmnmc;

er ed %or dj ng. Lo, the %ﬁ‘g%ﬁﬁ’ﬁ%ﬁ 1B R Yipro§ihY,

amino acé 01585) T BeH BE I'gures 1 eavy chain
aspartic @iglseting Iand mlpmpmm\dﬂmaop rgegjyrinscasinoicidnis selectrd fipm

b t aming acidu
nypmpha%bxl a%n% SEImq]ls yp Afggcq%éﬁg%en%%4§%f[ &% ﬂm@w% qui %nln?} 3Oandd

s selectedifiowhgiming aspeweigni v2iek, Woame,émneb@dyysglﬁe@mq geidplp tyrosine;

amino ac?ﬁp ;s%pah %] ag{u%% 1sq ! apiﬁdan'nﬂo mg&nl (aﬁ)mo a-Eﬁez is valine;
ows t

ure s chai n HVR s€éguences,
amino acalrad isfigsineasnd amng:mcwcm & siYWRﬂr@éGﬁ@ R{B, coma%ses e i acid

sequence@eé"eg?aﬂt’ Ry e P o HddS@,@t@a\@ hab), ﬁﬁ&&]ﬁbﬁlﬂ@la@lﬂ@&s EHride: amino
have an am no acid at the indicated position.

wcid & i Apsiies: e a6 81 i RlHEIGR: AIRISFEd InRTBPE TN 251 % s trosine;
amino ac iR BlarddAD §hindGcRY St 8PP18haflOShRd DR’ B 8h&Me; amino acid k’ is

threonine; amino acid I’is alanine; amino acid m’ is isoleucine; amino acid n’ is aspartic acid; and

9



35Fi gures 11A-11C show heavy chain and |ight chain
.HVR | oop sequences of anti- pol yubiquitin antibody
nol ecul es apul7-apu24 that specifically recognize
K63-1inked pol yubiquitin and which were recogni zed by
wanoemdsedy specific for pentahistidine, as BEBFURIDEEH2115
in Exanple 1(B). The figures show t he heavy

HVR
ammwr_,é Q &ﬂfgﬂ%ﬂe o El'gﬁc %ﬁpﬂ(gma%ts’rgn ‘?’%‘3? dg( CQIHprbsesnng &—91 a %Ivghﬁi and HVR-
H3 sejtrates een&pm%g’mﬂ&s sal lf(ﬁthrfm‘tcldna;\a@uih@i 3100, apci.oB, aju3tlhe
' d d
O R LI LI SR S R e
bdhmwEHEEhgaﬁﬁhdamﬂabmomsmth@HﬁRﬂdmagmmnbammnﬁg@hwumnoamd

f
Samece b¥QUI€%§E%%E apu %9%§ 87? Emﬁﬁﬁ nﬁggn?XIﬁlgmnme
annnqﬁ@idwublsdmtddl frwtﬂ@smaném@smen@mm AACRE(selpctethiadny sirige angdgyrosine;

aniinodagi%g\r pe?c%ted [Erogxs@ﬂ&l ad o@ne aﬁ'h}gJLércﬁsB i& %caeﬁ%oqlesghﬁetan& E/‘?osme

ng 1 nteractions Det ween various concentrations

 aminogid{CHeseaatell Fomarelinbisepiricnhhlewils: wpne ik sleged from saine,

10

15

prolmQ mmlné kg ‘Ao gl:s)fﬁ{mn% delde QQ&&%‘A %m‘léicﬁlg o ARG, or is

ysi's, escri Fi gur es

not prqs%qrmm @w F@@W ﬁ@mhmwwnmggﬂes@&a@ﬁ@@@d Bplews@e g amino
acid cgmfeeé& O affizhe; hROLNY! %&ig_ieﬁyma@[&t ’.[Ip&ﬁl)émﬁgdn%@dﬂ tBSantibody

based - on thé sequence of

apu05, which '
comp SRRVl 199 Ee ST N0 I RORT et BLTHQ 12 NGLS0, andan
HVR- ﬂf@@ﬁan&%@nb@o@;mh@ I—ﬁlR Eb@qﬁdnwee@nﬁfwweﬁmpmaapms apuil9,

HVR se The desi gnat or

apu20; aﬁui’dnap% GPL@g’taé‘é aw%étm %%‘F‘F lﬂ% IEP’&F&?OE}P&% fa 9@? Copprises a

HVR-B98ch@nde28mbikidt thé Hifinb REd ©gicact P-OSY SIDT-SAFALAOTSHEWID NO: 772). -

I one B R o ey b S BevR TR Barb SRR ggm HVRL2
sequenk:mil SEQLTENG:1%8] antifae }B/mmmnd:eﬁ:otrébﬁdiﬁdhfgaé the: ©T VRAES SHAAC: sct

rorn R L 8 e b L R AP N ESERLE E hdmp1o

20

25

and apalef0n Sigatl 28l Eidhe agbdmhmdmm@ antibokth eonpinagemn EMRSRI scgsaye of

be
se0 A BEAVT BAOIRLS oA 58 BB P SR cnie

to the Tﬂ‘@p@ﬁy@ﬂ}bmcjpﬂﬂm EhNDbey nmol ecul es based on the
ze
g}ﬂﬁe&&gmgfeng@%@&&é&émbwt@ Gl Al ol §§np hze .

Iquitin esc

polyubifigin fsipgrvided, vdigoiw thi @tﬁewe%rwamclﬁwﬁy é@q @@ﬁ@éﬂmmaand
whereik th€ anthE‘rgr o8 RI'IS-EQ &n HORL I@péﬁl‘%ﬁce A sRO DN BERLE ﬁVtRhﬁﬁ sequence of

certain’c di'd not have an amino acid at the

SEQ I @i Bataad \RobB seamnce AFPHQ TaNPy34fow HYRAL sequenasohbiel BNO:
79, an 1@@1@ Ph gé;q%h Ehet B¢ éﬁt@ KRPRAK0, %H%@mﬂﬁs %ﬁé&@b%(ﬁﬁﬁﬁb' $ed1 one

aded text indicates e sequence 1S

cmbodlrne@rﬂru ipdtedragtivade Thpsefieady émé%'g@%fuwg@%volmwm is provided,
wheren?t% £1ﬁ§&)§rr31@ésrlﬂt NRAsAGURNAGRnbibidulR; FakneRiR aBebd compnscs
n

ext indicates_that the ant i hody denpnstrated_stron

an Hv%ﬁh BRARRCT o SERDHNG G & opm TEAR é@%wm%f@gfzﬁ%gﬁ NOR 7¥8

sequeno% of SEQ ID NOF?&;J EJEH?}II‘LEIA BidnckOBSBEH OWNO @9, aﬁbl VR - B;Eiequence of
nces o e heav vari a i ons of

sm0 RS Mo P R 1 N Dot Stholth PR polied

antibod$ PeiGhEdifall Mndsagz@@mﬂme(%dbiqmﬁeﬁ m@ﬂlc;eubm:wm ih@antibody does

g ..01- apu d mhj reco an

notspecg RN ORI, £ FodEl Ik Ay FaRE 3R RN Sege of

SEQ IDINO: Bx@ap HYR2? Fagedct gmm:s_smmvmuw Hiera i sezjmam_cn oFRAR) D NO:
nces, H H3, ht chal _

762, an BYRUNEE Rngelftsbn . 800o B0 Lol SN NG 50, o an

HVR- Lizﬁqmmcmof SEQBIN@I W3nbtovh ambocmnenaml rsolawd ptibady thitepecifically

cat e ition L: It
s R AR BT, 00, AL alg%é@bgws%fig%@ﬂ?@bz%
bel ow. Shaded text indicates that the sequence is
identical to the ami no aclWd sequence of the

' correspondi ng HVR sequence in the Fab apu05.
35Fi gures 17A and 17B show the am no acid sequences
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Figure 18 depicts the results of the phage ELI SA
assay described in Exanple 2 where the binding of
each of second-generation Fabs apu2.01-2.20 to
K48-1inked pol yubi quitin, K63-1inked polyubiguihishszi1s
wo 2000m@Bd¥ qui tin, and bovi ne serum al bumi n was assessed.
Fi gures 19A and 19B depict the results of western
“blotting experi escrd.hedk bn séxanp bESEDD. NG Hérae
monoubigygia 404 Ie?lﬁleaﬁgﬁoglﬁ'%%ﬂof' the Fabs rol%ulﬁgd] LT MR 11
HVR-H2 Gk @ResoamiD Wo: "apms%\ﬂigg FROBICF PE06 1 8- |’n91fied .
- tetraubi quiti gure. ¢ SEOWS Nans @ bsEmaBV L3 sequence ot
sequence g JPSNW% fie 'akg‘g%pcﬁ f @?

oduced from cl.ones,apul 8 te ..
SEQ 1D ERUPA m@g& mmbiéﬂei;;a %d;oi{t@zwmﬂzé@t ﬁg?}gi‘?f Eﬁlﬁlﬁ; :ﬂ;ﬂl‘?d
._Flgures. arn i héek ndtiBecifRalli Hisl 10¢n0 3
polyubiqogingt ?rpﬁaedg@ﬁeer?lflﬁ%nt S gjgscr inbeg i {blgéa_;g%l &, 12vr-Eb W4hErce of
wherein QA ilﬁab{ﬁ@ﬁmﬁh@ dpi I—fai?;éﬁm}tﬁb ai%%-' ?—IV{ ZL hg:c;t ;53 Q1D NO:
'mg@o. i A, K48: L BN @B D, Gt [ IVIRAL Bisvuch: :
SEQ ID Nijy ne%f{g’f‘ ?%glll rl{‘g to iQtrmei I i],ged K6 3- ffisﬁb%l? NO: 777
79, an HVELiiequEntd of SER TRN@ 890md ehBWE Y HSIBP i Rg ~of
apu2. 11-ap 10, i, iDRbdsiig 8 sdhfcbBtidenivldedrminant on
‘ Intog{: ?Séj.a jaéldsl% F(%doagﬁ% Fhe absenc§ %F; £ésqsd1;r9‘gde Quherein the
polyubiquithmm bielahitedy o1 218-of haREBE RSP TT N, lgures i
] 21A and.21 h Slufifin bbigdiSed it airisolated antibody that compe
~ antibody @Wﬁ%ﬁ?%cﬁpﬁ?gﬁéﬁl (?)%%e?i r;e_nt_s to detect the
any of the WidieRiitohatattibodicsiahiplingfo REOIYE™ d8LEY | bed in Exanpl e
o34 dokl L b O m@nddbiyuidac| udes sanpl es 20 t hat
the a_}mboﬁ?‘ogs ﬁont‘l%e%?ﬁr _g,ci‘f)i t at-ed %ﬁ?h .a sugc,écgl}?] lggﬁ%tt@a %@ﬁg%ﬁnmd
| Inkfo6 Bsphétrvios df HepiptmIegiices ALPRUSP St el s he biot 1n =~
rotein. In o'flie grlr'{ll;o%im%ﬂ't,B th.E %ﬁb&@%hféﬁﬂmiﬁﬁegrdﬂaion wethe polyubiquitinated protein.
P i'miunopreti pitated with apu2. 07 Ligrgm&gat&aspéwglg pathway. Tn one
embodiment]. (6 Siitiofitk Bxcthen SRS B PAT 8 BI Ot e ns. Both blots '
bodimen'w&e %Eo%%’ mervwnmﬂitsaﬁ 1843 bneRloBu‘Gimtitinb‘(lﬁdyt.ed ﬁg@llﬂge pz?l?day.
em depi cts the resul t stégéo’%&q)gv@%% e El| SA A58 a¥hway.
embodimentl®s oribdde Girthan stEdRtAD fe” : “he bindjn each '
ntdik Esfegeneriai o moleofescaREn i ¥ the et T byl mone
| pol yubi qui.tin, 1 - b 0k ethald 1 eleyitiabiprtickt aal] comprising the vector
aspect, avﬁcﬁ?{é‘ﬁﬁ?"%@f‘fﬁsﬁe ng§4§§%%vﬁ Ee serum al bugihn dvx@s aSSESSRE 1n one
~ is provided- Trehe @§ped Ffccl tice @@Blest pwdecing 28 AheY 24 '8 98 %fﬂren es of .11
' the heavy chali AL iRkl Brelie Bloang, afmpaligneduring a host ce
aspect, alaﬁl?qd\))gc?r‘%?%nr% ar?unatng%dgﬁﬁged apu2. 16 whi ch_speci Licald Yibody is
comprising @C@glﬁigiﬁﬁﬂ fhgle&;d brwkcéregglﬁlél ay‘;yggguﬂig;gh s Wé& . )
) apus. -apuo. , : SE LA, amBb thodly. 0 isclosure an
Pmd“"ed-gl? 5ﬁf‘§’§dsané’\lﬁp?%legnﬁ%a i?d ghai n HVR sequences, 1-11, H2, _
harmacatdailyRcoepihifie chergdr gpatvised-" ND, " i ndi cates that the L
- m?ns SI%U%EQ&, Was. et ofdedetignbd praencAm melydfuin gisp tpRspdauitinated

are numbered according to the | DWIREE iRg sy Shibatly of the
protein inags seferle i PEYidesk | BRP™ et Cttmgxt{ﬁgi@% cates that the

disclosur® ﬁ‘g&%nagﬁad $hek i€ ploviziad th @sd dfen affetive areeut oferiran or° gyfibody of the
the 5

correspondi ng HVR seguen S BPUBsed8 or condition associated with -
disclosurdorye epnglagiure 2% PEHFCI fﬁret%? grgaﬁl ts of western

. edldsbd i i me@éﬁm e Jeatpplélﬂf & disease or
dYSregulaglA)frg\%g :ﬁg‘%&lﬁﬁ? E?ﬁﬁ?ﬁendﬁ&@dld}s b hm i i e
| ' i i bR&H com g
condition] ssgeiptpth REgh tdysred tlﬁg p(?ffa B@?%ﬁ?"ﬁt?nn ng %d p%%%nhmg@labse_tn?e com:rlsu;a
administfigifn%% '{'ge' Bzgi_eﬁt_oaﬂ aIERkid kmecht b 681daitnioe chntilpgdy of ghe disclosure. In o
e

Laubl.quitin of noubi Quj tiA. i 24:B,88RAWS hiirh@. In one
embodimpitn thergtiefit laﬁu?}?fel?g?‘_aéa{%%“gﬂ%’%i7‘@?%3{ e‘?’( _GS?iai nked ted senetic
embodim%ﬁti' t]agh?ca@@%ts?wj%&l&:&ﬂ f(dﬁé@{niptshdalab@ed% é;.blﬂulgjmjbw—r? ged &

I et s S St detirotd®i ' @ifnent, the disease
disorder, jam oS TElART _ryldisar{aiareanéif@eu\%%wgl%ﬂﬂ .]Ig‘dh drtbo@iment, the dise

is selectc%io 931411&9031%%9}%&@3&@651%&331&ashrowsleukemia, muscular dystrophy, multiple
1 ) 2

concentration-dependent bipdin W2 Qhdbotfe t@dle syndrome,
sclerosisi pmmpisrdppize tteryd 4%’5)3F?Si‘fké:éisut°eﬁgr§ﬂ%i %E%e I'n a%ﬂ t he _

. abs 91 oA didngast Pidkreadehde] and dage( 68sdapnk ed
Athelm%rgtd?%_%%i qullgt in. Fi gure 24D shows concentrati on-
dependent bi ndi ng of apu3.07 1gGto i mobilized
1(63-1inked tetraubiquitin and the absence of binding
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The practice of the present invention will enploy,

unl ess ot herw se indicated, conventional 20techniques

of nol ecul ar bi ol ogy (including reconbi nant

t echni ques), mcrobiology, cell biology, PCT/US2006/062115
WO WIBEABH stry, and i rmunol ogy, which are within the

skill of the art. Such techni ques are explalﬂgglfﬂhh¥ai

hﬂ}bé :ﬂﬁecl hh@hat uf 8cterBitaly thesprestivd peerflaPiaRtE AT o

oratory Nanual third toindih provided,
protein 1@@@;})1916 szus@aqtegiocﬁ‘ Eep’{@&np 4 golﬁb?%hﬁx o Eol&éﬁﬁbﬁﬁﬁ@g pidtein pm ide

compnsui% g% ng i t to Qﬂkelst (ﬁblhlftlhdic‘@ of @Rdlsq]osurﬁp@sf}qﬁ@vnmgetae bmcﬁng

"Met hOdSI RinGn BE €85!
of the atle 65 sy Penee PRTREST B o s ASaPer 350 oj%%t i

Monﬂéﬁé&p 8lneBbd af sepaeiis. polytEigHtinagg @ro'g;@}, o

ine Polyerase, Reacti,enyvii a&Mdétbh@mlebodalofms
= WL

disclosuBcPherson, B. D. Haines and G R Tayl or eds

1995 Har | ow and .Lan i gig@in ia cell,
Dagorkor AR e R e T P e e

: comf;rlm Q}Hﬂa@cgl teRen bath aBRA aliecbn’&fbody 139@8}11501% ancphsaeé%ng t%e effect of |

pl ay: rﬁl}A Lgbor atory Manual" (Barbas et al., 2001).
saldcon@@“gqu etflbns As used herein, the terns
@k aspaen awbihgd of daiérmam the BEction £l E ASNGE SB@’”‘” %Hlé‘% é{lP‘le

defred as all eci n 8ol BB o ifeRbir€and
sample 1@5)\!@9@1@@?@’%8‘6"2 1]2 ﬁa{E‘j}fgtreato a 76- amino acid

Ofekivf had/tongrctibg Maa@tfh%ﬁ@lj ysi ne residue at am nd :
gssesmﬁtgﬁo%eﬁ n@muﬂ@ﬂtaah dsolded @ttty et shedcallantinds aci yspg3-inked

am no acid am no acid. 4 0 dl 1%_6311“1
polyubiqyAtin u%@@owﬁéiieu‘”hmt%é % é?‘i‘ﬁ"%%“ildﬁgtg i te@{#)ﬂ% “‘a% e 63-linke

polyub1q1§1§rr A bnetRB6difSntOthe Rpkdpe Qqchjdmﬁs@msj lrslgqﬂt héfsi gblqmtm subumt and a

nmeric chains of u ui f B&dﬂné}mm: " .
second u@mlwhtlﬁ@f i st R sty poclob b Fafkoiope
includes % ea tHﬂg E‘Hsfdh@m 4 ast Lﬁﬂdpﬂt@) subuitit sedtted frmnt(ﬁd—lﬁ Pro-19, Ser- 0 Asp 21,

E i nked ubl 1 ke
The-s5, D@ﬁlﬁeh%éﬁhé gl e G e’g’ﬂ%g%‘%éﬁ@.“%%“ﬁ the epitope
' includes 21(1%%% dnk RERG: RQl Sbidamiguitn sublbd Selectd fomklep-8, Thr-9, Glu-34, Gly-35,

ubli quitin and163f ol Ui it b b
le36, robyuspd Flm el ok APy enoPHL At o Gitel gpober sue
embodnrlgﬁt,at‘ﬁ& eﬂl’éﬁﬁe MQh@é&l'a‘t 1st Bd REit@sin aPot ylbllgm(qm sr@hun:t pedected from Glu-18, -

st ngul shed fromt mre t s of | | t
. Pro-19, Sgr-&0. @ﬁsg.@; ﬁlngS@ Iee*x g@%ﬁ &e ?&sn—6 Hel'gq &Hﬂélh%z Ahatt least one

§ngl’e protein. As used

 residue 1HEE£§1[& ubﬁcﬂﬁmtsﬁlilﬂﬁt sefebted friotk eﬁu Tl Iy@qulﬁﬁlt, Giy-3 % Her36, Pro-37, Asp-

1 ni ced pol yubi qub#{sr ssare l'i nt er changeabl e,
39, Gln—@nbleuﬂéféfg Pola Fﬁal"%@“& Yol ecul e conpri si ng at

th %@é&sg&p & issRRARMIsRy R d)echﬁ MI@f\hﬁdm 1ot higrsipol swbigitiHy sorprising at

least oneg;]tpgmléé? bqlglgsccltﬁrjﬁhtrs? llgfsi%qﬂegglgp a?a ﬁég?nqgo aagld (%i?tfoh 'opépuquﬂﬂi molecule is

provided, %ﬁﬁ?én {hle %ﬁ:@ sf Qbat ot spudifi ¢a[1y bind tws @dondrﬂo@rubllqgﬁg epyriging at least A

| i nked pol ubl ti.n"
one isopepgifiebont ¢ %S%@dyﬂﬁﬁ’i‘%’iﬁ?‘f%ﬂe 'f‘rﬁ‘?“g'&ct A ED ?"q‘;&?ﬁm R molecule,

and whe%egnotH@ﬁIfo £a rhapthhemeedid ﬂ'ﬂ)@ltlﬁhst dbffexi msmsannlﬁodm n@t he flisglpwre can be

lquitin noieties in-th e Alnibody, 2
in any qguqu;rtqf derme3Far examplendt aqﬁigpgp ?ftet < dmnggse?e Eageoe z%(?ﬂuﬂ@n ntibody
humamz{gy L B(’Jﬁ %r a4A8n Hﬁtﬂ%dﬁﬂ eltdne, errﬁoﬁmam,emltibtpdya{f thg digclogyre is not a

sine’linkage "differs' secon o1 NKAQeribed
human annbhdmaioéskat“ﬁ’ ittif @O 97y @"t“b‘i’({f ?fﬁ@c T aggl%%% Jv%/g(gn one "

\?\70961’1%17:Ll Sg Uk f hﬂ?lbgaé/: Slie &R%sﬂf&@ﬁrhﬁfr futl bergﬂm dr i firagmérg thereof (e.g., a fragment

l'ves a different ne resid KR4 aKZ8tioen-binding
comprlsk'lg?m anif ey bk, COP@PQ“er‘Qng‘Y By éso;)ec P?Qre 1? Kesecond

wWeghodBe ubiquitin noiety and
fragmen Xf%%gf&é %F%ﬁsgﬁ&nm ety. As used herein,
the term"ubiquitin pathway" refers to a biochem cal
pathway in a cell or 25reconstituted in vitro that
| ncl udes ubi quitin and/ or ol yubi qui tin. An
‘i sol ated" antibody is one which has been identified
and separated and/or recovered froma conponent of
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by use of, for exanple, a spinning cup sequenator, or

(3) to honogeneity by SDS- PAGE under reduci ng or

nonr educi ng condi ti ons using, for exanple, Coonassie

blue or silver stain. Isolated 35 antibody includes
wobfenantd body in situ within reconbinant cel PST/EPHEE06211S

at | east one conponent of the anti body's natura

envi ronnent W | | . xJ%dW@§ 'y, however,

i sol at ed ant £BEERP Tepared by at | east one

@mef i Bakd @8 pﬁxﬁ:ﬁ'p struc\ﬂﬁ ﬁmarqmm e8BIRaRtt TiSPOUELHER 115

used herejn, the t - ROdyitin
i S fansﬂgnatﬂa%ﬁ%%ég% s
(SEQ I NoeRThavigahdlysine @sidies eflienicd v bg @dﬁrlhlé@d?"tt Rigyre jlyshows a

' t 1§51 al ubiqur
schema%gegt?ﬂ?réotj t%%ﬂ(gt‘ognﬁﬂ)ekvyeegth@ %‘sﬁg |4k Or 1@sibdb PR Ha i ubiquitin

erein
molecu eaﬂd the ﬁabm:mkﬂ gfpibd msidustof b@@yﬂd qbgugmgnqlqgulgn ant i body

%h %R q’ﬁla s?% ktga L ha Fﬁgkfhl)o‘f)%!eciu}én&é m&tﬁ‘-golgnﬁbl@ltm antibody

I'n ol ecu used herein,

molccaleﬁiﬁectﬁmg rdchgriang; Fo-fnkbd Bﬂ!ﬁ"lbiqqmﬁfﬂs Idﬁsﬁﬂ g}fag‘}pge n]l(‘?)‘) a'lﬂl ¢
demgna}aei ﬁb ca%&lgﬂlta thefc‘a Qlﬁ@@qbzﬁecﬁfe sﬁ&ﬁﬁ:h ctuyedkl‘(élgdinhgl to

qui tin. n the
- polyubidaitit. Tﬂé@téslgnaﬂ)k‘éld)ﬂpdﬁw et ‘PF ?P g:’ﬁ‘gﬁi‘} T?"é??%?eg %rﬁélrgf

Jinked anﬁ ﬁdﬁ? ?Medtpggfﬁblhﬁtlﬁ: ana %ﬁgxﬁfor biln didngted BarBintibaik eublecule
qui‘t hrase ".subst tlalk% i1 A sesionator
recoomlt@iu:lggatlﬁ%t-lmgpq %ndthf@é l%qﬁé)olyuhlglaﬂv N mono iquitin. eait
“n.p.’ m(ﬁ#ﬁ?& %péér@lln |ch€n€sﬁh% YA h&Rtan famﬁs atila etdhd’lﬁdleatq:ﬂ, posiiprot T figures
cient i gh degree o arit o

showﬂn@m.cbawat%égquetcaﬁa %H§ noagid 951 %%%rﬁmﬁ“%d
accordtﬂgtfoetﬁel'ité%at?ﬂﬁglbwﬁﬁr s?itﬁﬁ ks @&ssibed biied \If]\ll t E a ol sl

rererence/ conpara cu e Suc

igwete At SW&FW&%% Etg)gflo?%sg A gfr%n %%lygﬂgmwe eﬁl% &
molecute‘é‘@be‘éﬁbdl@%edo@mﬁﬁﬂ ¥h3-lihktet bdytﬁinqulwl i de$coidoia Ex gy HfA‘) Thc

| t tical f 3
desigraios i i (o P PO O Bt QR e

polyub amﬁ ThdWsiy@didi €8gth’ anmcmsutmthe efitihodyt @ote@ﬂecregognw oth K63-

i v 8 ool
s S CRRIEP BB T8 Ryl o ams
recognBDBth Bﬁ%nldede&si K ARcifreblsbONR el gy e & designator
“np.’ ?@f%‘f’ él% 0% a5 (:zl-lox:tezéJ 855’&%6% Hﬂﬁ) a\‘,ﬁlaﬂﬁe flﬁfca’n%&lﬁ)smon The figures

ce corrpara or nol ecu ({ umbered
show thaﬂiﬂhxs_/tchml FBIR spquesehacdt H2; B¢ 8y uﬂé@tl%t?t I%i’F‘l“?’lS aren

t N8k glsthibedBnigles a 20sufficiently
mmmﬂ% éﬂgdgﬁ?g%]ognﬁf erence between two NUMEric val ues

(Gewer&l angd 4@nigd Hizats0i PSP GIPIATY ZCGTRP LR AR COS el SPsHE arnework

. Wstakt ﬁveﬁﬁfn%&(k@@feﬁ&ﬁdﬁbﬂﬁ%x@is follows:
sequencesI}or us‘%ﬁxiﬁ éat?ﬁ at 0 e of Skl is

conS|der gl ) 5 be
§]§Ugﬁﬁb I éérgatslfxs! ﬁs‘a@ﬁ%ﬂ&ﬂﬁhﬁﬁ I(hbtatt@hc{ﬁfl@)ﬂt) No: t1A 839,
b|o ogi cal “characteristic nmeasured by said val ues
858, andd7g). , Kd val ues). The difference between said two
VALHESY i Subsk b ! BXAERhETan@Read einud dxandelhopirvatighy regions (SEQID
reater than a i%g%g reater than 25about 30%
Noslg?éétéﬁoﬁﬁ%ﬁﬁéﬁﬂuFl nd/ or greater than about 50%
afyBad W GhdoRdp Of cohdtBsy dlatew b |m11uja &abat CDRs (SEQ ID'NOs: 115, 843,
r ef erence/ conparator nolecule. "Binding affinity"
862, agdei§él al |y refers to the strength of the sumtotal of
ngﬁﬁmﬂ Siiardup TBtoashi fismbetivernys axigidad hw g Tgeions (SEQID

te_ of an anti body) and its

NOs: Iﬂprtéﬁs RG] gﬁ‘{fgf’éegég and(S%:?-% ? anti gen). Unless i nd| c g

OH&@mMVHeum@mmuﬂedmhgneﬁmnmﬁtk?ﬁﬂﬁ@%@ﬁ@?ﬁ?@@Q 19, 347,

to ntrinsic binding 30affinity which reflects a 1: 1
8663@@%@?action bet ween nmenbers of a binding pair (e.qg.

anti body and antigen). The affinity of a nolecule X

for its partner Y can genefhlly be represented by the

di ssoci ati on const ant (Kd) Affinity can be neasured

by comon net hods known in the art, including those
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" ID NOst mfiai: i848r8 5k 8 269t

Numbe(sen gwsmr/bcdmame pino pgd %“@*%F‘iﬁ?‘”ﬂ’é‘ﬁ t

“In one enbodi ment, the "Kd" or "Kd val ue" according
to this invention is neasured by a radi ol abel ed
antigen binding assay (RIA) perfornmed with the Fab

version of an antibody of interest and its grii; ﬁkmgllg
WO 283e8Hed by the fol | owing assay. Sol ution %ﬁﬁ]d?zﬁg

affinity of Fabs for antigen is neasured by

g[llv @%glufbg 1 kbWt FraheMofki cifths @y peatarighle seions (SEQ
l'a anti %en in the presence 5of a
PRP-E88I ed anti gen, then capturing

Eﬁvﬁ%degf%Perhéfgbgglau@mabaFemmeﬁDms 25 DS B adkSs9)
en, et

: b .
é@m&bVH@hceef@h@W‘?%zﬂfna? exﬁ%&‘*ﬁé’é’%fi’/?“%%e 2‘%2‘%“? ?sﬁQ %)l 12?368124 ,
125 g5 RNeXs Al fagomsed overnight with 5 pg/m of a '

capturing antj-Fab t| bo N A4 and 892
ﬁ‘}@iﬁ%m‘feﬁ@ﬁ%lf%m? %Xba(tgﬁ uen(tb 1@6bl§%z:ke and $92)

uInlan Qbabivhio} 2 hasibnek Sy mtaidb@mpmmbbggm@ (SEQH 1(\19 127-

ive hours tenperature (approximtely 23C).
129, 855 B5Ta8 HoHo @35?%&%‘{1 10pl ate (Nunc #269620) 100 pM or

26 pM [ 1251] - \aunibble B G | uti ons.

of a Fah. of interes (o tNOM 130, 896 900, and 904)
pestegEn L {’“S&{/E%‘WWH&SEQ%F% 12 o

ant 1 bod _
@Iuﬁﬁh HL&:hp;ﬁlsubgﬁ(ul)QD@)}se@qq @r@meipqlgg (S]%%IDA}@@% 13{%@@’5 90 ll—ﬁnéd 905)
t‘ﬁ’&‘afls(&l Abe ?}Jg SRR Bk eaRAlAd sevenmiE@ht 32, Susyeoseand 906)

y contlnue f or | on
(g VL%pﬂwdw)uptI&’ cpwmﬁwor%ﬁﬁﬁllgﬁﬁ‘%ﬁ% 88,903, and 907)

hc%j icts %@Bﬁk‘% giord slaﬁleﬁae%( Bf«lhﬁ/ﬁAbaDS—Stlfgaﬁﬁlﬁ aeave ohais.
ure ate or i hcubati on at Og] errperat ur e
hen renmoved

gep&b‘s%o%lﬁ’éﬁﬁftﬁ%t BhBort 1epiS saidrbes@f REMADARTS gt and
en the plates have dri e? :I,[ms % é‘ﬁ@lglm ©fvat
heavy mnmtmnbamm qumr@ffr@élaﬁlﬁlﬁndlfﬁﬁ ammepdp BT RGPS “Und
t]%%]rﬂ‘é AL ﬁsshﬁ&%ﬁzﬁz@%ﬁﬁlﬁﬂ?fﬂﬂo@ sﬁ?@ﬁﬂ@:ﬂ of anga)myamggummbody
CckKa or ten m ncentr
moleculdh azecr@pa}é ST DGO S 2 B e ?‘g&%{% "R
figures RO Beadd ShafHOBR quﬁéifceSUHGB H2) aixDip eXtietdpsignatst - Jgdlcates that

- assays. Accordin ek iths dfel
Cﬁﬁamv]eﬁp‘?iéhq ngt h’éﬁ%‘b?‘@’g‘ d aﬂl% m'%cat %frgg)%gb pl asﬁ% E@(} lggg nance

numbeR§ §@M§hﬂg&¢ 1hg Kabthu&ﬂmag'Msm descrikedBElAFor e TM 3000

(Bl Acore, . I.nc. G- 123 tibod:

i e 44 T gho gf,h@?Va’e nalﬁbé%%w Mﬂen@é_s ° %%1 rﬂems%o ﬁglgn uni t gh
molecﬂd?@bemfﬁﬁlly&édogmzlﬂg%ﬁrkylﬁélphwlaﬁlé@l , acdepqrikpd WgiErample op- The

: ﬁvureslﬁ{_;](g{) ﬁ]ﬁ b]iagi I@Gﬁ %x% Go H 1L 2REHE VPleQRsivatdd “n.p.” indicates that

T an nopropyl)-carbodi i m de:

certainRyodésatidbop hivden élﬁm@)amé nﬁhep\mﬁ}y@g(bgpyglg% | npnaﬂgp?sﬁﬁg.j are

numbefSOp T iR KBS nBpalnk Sfech isnSlctiucticne. Ant | gen s
DBiine s (0CTxb2w iy e Heh b FR g S Of %}“e of
polyubﬁﬂﬁxg:{ / n%(‘rﬁ&r g’no d oaagil@lvﬁau%)ﬂﬂlﬁt%ﬁédf&b@ Heokbize Kséphjﬂ&é polyubiquitin

protein. Foll
and wliiclj veezt remnued e agBbedy SPAATIS AT RIS g ﬁgges‘“ﬁﬁ’célc Zgmpis 1®):

The ﬁokl)llreos%bv%‘ll% frean gﬁuﬁm sedﬁ@rfcesk Enatl, esd A asditigheiminst] VR sequence,

dilutions of E 0. 78
L3. Tl@rtbmmt@ ¢rpdindigatoptiat GeTHn BOPE R Qa‘ﬁ)“ﬁé}%a"e ?b“?‘l%i‘?‘; é% mated
positioRl Athidd N po@tishs fe RARBEOX hataidik Yo 6 Kelbat minrbering System as descnbed
socl at.ion rates (kon) and dissociation rates (koff)

beloware cal cul ated using a sinple one-to-one 30Laﬁ§nU|r

bF%QI'eE‘ Qlﬁmpﬂ?%ho(vﬂeﬁ@%ﬁn EiwHlighathaprilGolopmeagecnes j

' S| mul t gneou daiyubiquitin

e S A e
and wHONSEBRkodiE) by Sn eibaiylsatceit faspmh?@strdale» % draFipqdap frrample 1(B).

See, e.g., Chen, Y., et al., (1999) J. Ml Biol

293:865-881. If the on- rate, exceeds 106 M1 s-1 by

the surface plasnon resonance assay above, then the

on-rate can be determ ned by using a fluorescent
quenchi ng techni que that neasures the increase or
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30segnents nmay be ligated into the viral genone.
Certain vectors are capabl e of autononous replication
in a host cell into which they are introduced (e.qg.,
bacterial vectors having a bacterial origin of
replication and epi somal mammalian vectors). O her
GHoRfeS sHoS e heaPPéhn RS0 sajucrvay i) Hanand B3and Gyhtchain BYR

~ intégrated into the of. a, hos | 4 at th
“sequence, R %mﬁyﬁlgmtprl APo UidH‘gteﬁ g‘gfceé%lln clon dd ﬁnﬁ g%\éelﬁg%gl?neo acid at the
indicated C(%Ql::tlbﬁ; ak Rfhoakia pesitidnk Bretnh@bél%iccgdmg neethe Kipbat pyrpbering system as

aln vectors are capable of directing the
describedhgl¢™essi on of genes to which they are 35operatively
I;hjcrlﬂg @9 de e NiRGihe fnﬁera’thalsﬁﬁfv%ﬁ eatiohpcdnesniitipns f the anti-

Feconbi nant ex res |on ve CORE®
polyubiqtiitie Fabrui Aud | 6%pﬁg@g@ymﬁmmgy%gggéfgﬁgBL*
mmbmm¥$8&£ﬁﬁﬁ9§ %mgﬂa)ln r econbi nant DNA techn|ques are

/

WO 2007/ 120334PCT/ US2006/ 06211 )
]fjglggsm3@fg13]3 depichthe Bp@ggmtergc&gesr eltvcv:%a Var ous 901#%%1’%{1%{5@91@ anti

polyubi u}{ﬁ%ﬂﬁ L 19BYd RER-148Rd of RéBldka pglgabduynms@rh@i ysina HHAEORE®
s %Dst connnnly used f or m of vector
anMymsde&yﬂM@U%Bﬁmﬂ$3i Cdr "nucleic acid," as used

f’lg& FJ P@@ W%Yleﬁ? B4R HVIRelf)Gp’ setlmanpa}xlo‘{j reeoisl ggheration anti-
n eot |1 des_of any Ien

- polyubiqlie antilesids srolcgeles kel 99 f‘d%?&‘)‘&??‘r‘ %"logrq?ﬁ 8?“@21 @@sﬁg&ﬁ%ﬁwgﬂmﬁ

K48- 1ink%!'1 3!}’%&6{%&9% S’é%&]ibemx‘ah@da T Utk E@?ﬂed?@w@he paeabain HVR
ei’r anal ogs, or at e ,
sequencasnﬁbrl-ﬁb and B Tl}fptd@sxgna%| ‘Eyﬁg HX%%?%J%%&{ certazﬁﬁlﬁ%s @Hn%?xgvseean amino

acid at the mcgé(até'?i 1@1511[‘ eAJ‘nﬁlo %@i@%bﬂl@(ﬁl& arkd rmﬁﬂbglkﬁdjmﬂcedmlgd@thqﬁybat numbering
nodi fi ed nucl eoti

such |
system an dcﬂcgbﬁm helosy. %@e@lﬁe@ indigafes tg\@tsthe ie]quelgcﬁe 5 1Jggtlcayto %eeagmno acid
sequencggf%é Jzo?%g%ﬁ nd BVRNGqRHE] i8 @ld Tae aﬁdOlSu Bbldrtext indlicatgethat the antibody

ofe or after assegb 0 yner The
demons%@tﬁ@n@bwnglméh@&ag‘ﬂ@s] feysap&e ﬁ"ﬁ'?egir“i“ u’é"ﬂfm
F?%”T E%A &at e IRARPAERIER lodp S8peicnafGbeod g@t@ratralyartﬁle

er nodified after syntheS| C
polyubiquitiv zntjbedyaeplegilteh baged hHiBE SCUBFTE ro %%1@%& ?V?IICP Xpemﬁcally recognize

K63- llﬂ%ﬁ%o{yhﬁlgﬁlhf? N3 dés@ﬁﬁédd@}ixirﬁﬂe EXHigtigares slﬁﬂ\phge Heavy chain HVR

one or at u
oo o B Pk afag e R R g

acid at tﬁg)q{%‘gét&gﬁdj Fﬂﬁ A a@ﬁl, poglﬁbns%ﬁt@dbered hdmoghngmpthﬁ Kabat numbering

es hos
system qshies:ph@i bqlcggt%p ed tﬁ?ﬁ (‘%‘ﬁﬂ#ﬁéma \‘gg é@gen(g% (Qen? a?f?‘o? the aminhg amdb )
aﬁg%ﬁbﬂ 4 Kéﬁl@ﬁz th&F4b. mmmmxmdma@ams ¢ antibody
Sequenceﬂ %\%or olgd?) oat es.ea et c. th a?é C | ning
demonsﬂéﬁp]:b&‘h@agbmdmg gﬁh@ghag@ ﬁgﬁAa%ssayf FCf'é’%g’H»:)E%%mP &7ot ei ns

%lgﬁ%& é&g Yed Fﬁ;{ﬁs&§w );dgeloairﬁﬂélﬁ@ am@&fqh&ﬂéﬂ o she heavgrohdin hypervariable

rgions bPEsbmucitcat-b Ao VER M AR U HIC D S B AR geop i K- finked
polyublfl.lre witinl II%EIEH @g%pg.? 80 Pdn@ which8r e rectmRizRd By arf adbaiycpicife for

oxi dative neta
Pemahmdmbﬂs'dﬁwgb@‘ lkﬁlxﬁﬂ“ﬁ?g T’P%%%lgesvﬁi?‘ﬁ%ﬁ%&%"?ﬁ é%in ME “ences Hl,

( |’Eﬁeﬁ‘l AGhA8S “n.8L" dn qateaﬂmﬂwlrthm clones
H2, andIga" %%d m)%'t Plhlﬂ'l dﬂ?ﬁ@@c{u’eﬁce”ﬂ? efigh 1.0 End):

orns of the pol ynucl. otldes

did not Fave em;noanrgl apthe tqql@aﬁg, @P%t%w ige, Al %c}s& OPSE a(;re ?mmbered according to
the Kabgtrn%s Bak nng bl Gs S440A0ed bRRW. BRadkd tdxe mﬂaé:teﬂhatfthrrsequence is identical

y phosphonat e groups, phospha ps,
o the azpmotaeldtseﬂlew of thervampsgoTshig Y SF@B@“F&%% Fé of’g’ gécjt i vat ed
E:OUUE seleﬁ C?gd aekeLit JOR@kminb %@g&ﬁwﬁd@s ﬁdﬁb liela@hﬂlhm hypervariable

or may be conj ugat
regions Séﬁabmdbmﬁbsglmrfw mytpgeniped é]i’fbl% 3'u‘rh1 ijﬁglﬂy ra:_?gnized 1663 -linked

tdoidit QHMﬂﬁsd edfigni ¢

pdy“b’g%{g?f £¥ %ﬁc&ng%ngﬁ}gi&‘g%rgfrom 1to 20 car}gggn at ons.
O her hydroxyls may al so be derivatized to standard
protecting groups. Polynucl eotides can al so contain
-anal ogous forns of ribosei250r deoxyri bose sugars
that are generally known in the art, including, for
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5"Anti bodi es” (Abs) and "i munogl obul i ns” (lgs) are

gl ycoprotei ns having the sanme structural

characteristics. Wile antibodies exhibit binding

ty to a specific antigen; ininunogl Qk@qmgg@g,%nb
vﬁﬁ@ﬁ ”%&8%oth ant i bodi es and ot her anti body-I|ike

nnlecules whi ch generally lack antigen specificity.

pemalagidmaaqmtdmebed@ﬁ Etdnpld 21t The figkiendhowthe, heggrehain gl ssquences, HI,
K. 5%%&!@@@1@!n !

R e M L e e bogy" e
did n@bhabe'sh piinn ogfl bt inditataimositsr dAiine afi¢ Mﬁ@@&ﬁ? purpprdipgcording to
the Kbba num%%t S?Q?ﬂ? %ﬂb@&éeﬁ’&@ ﬁ&&%&ﬂﬁﬁkm@@ﬁﬁrh% nce is identical

? or iIntact nonoclonal anti bodies),
1o thepmlinjo(abld mejuctge of tb@@nr@@onmﬂvalsgﬁme e Fobaneht -
O d%@cts Al {?h ﬂefﬂhgﬂc@ll&b %ﬁ}e&s&ﬁe&m Example 2 where the

|§be0|f anti I es so t hey exhi

bindingeof pach of dspwilggicaion Hehsieny % %QﬁKﬁﬁ‘}m]éﬂ éﬁslwmvlﬂ’aé(@ -linked
olyuglgxtgi%?:n{bﬁaﬁﬁdumd%dfbﬁ@imHIﬁalﬁxﬁﬁm desssdshad in . greater

ereln An anti body can be chineric n%
s 160 TP bt T €4 P BDS et iy Ded in Example

L F1011Yaalr9Aasl%V€s thESh@Re ofke Fa‘é@ﬁxbé\ﬂla(ﬁfr&ﬁ BB apwl 1@ BprARtd iBa@Yilized

Tefers to the am na-term nal dongmi.ns of
K- e TR OF 1 AT BRI 5o S 7 4 yodoced fom clones
apu1898 RRL Ak o Bz 403 - mﬁédlﬁh&‘ﬁ]qmﬁm of an antibody and
contaln the antigen-b

» \Figores B4 and 208 ddepict the Ee fs Pg‘g?st%e@?m%ws?xﬁené c}eﬁn&c%m Example
2. Figle iol&eshwm@m(ﬁnmﬁml ahiut i @10 iRBGebiliesisi ABdinked miraubiquitin and

e st G paginere iy LSk e frearar SR R e of
apu?. Padpliz 0o b malitized @163 - Hnkstirterubiquibie andathé abisdrict bglbmdsngtomnmoblhzed
g¥%ﬁ£%)dtstrlbuted t hroughout the variabl e domai ns of
K481 is concentrated in three segnents
c @tguﬁ:d 200 apl HideshtvaWestgrndddtefrorn ihmegropegbidation CXRRFntgio detcct ;
oo RUEEE B . SEL RSB e L OGRS ki
tMnuemmmmmmgdmwuwwdwmmqmi1@&K?@bﬂ@mﬁ§ﬁ&ﬁW§d@Pbmh%Mﬂmﬂ¥ﬁﬂﬂ¥“E
The bﬁ? A V%bisnc(hﬁi@ sa E@g th\é%ér@mrﬁur@% 1%6(1@@1 E.’E U’ﬁIUG to capture
hains each conpri se four ions,
K48- linhq:@@wbladcmmdmgot@ln% Bra-bitiesere siaired with aaltanTBIP amitbody.

c ‘%%&%%Q%QX ik B8 &%aMLQQA Eﬁﬁﬂﬁeh&ﬁ@@m@ﬁﬁﬁl@ tiywhgre the
din so cases ornugg@ﬁ t he bet a-sheet

bindingiof ersh o BT TEr ODRROTeR SRS GK SR AT Fﬁ%}ﬂéwﬂ BRI K67 linked
pdlwli)é%lFieSﬁA, Aofouddh in,%%o@ﬂe dehfn ARihi8 @eOMSesad, Wi th the :

fromthe ot her chain, contrlbute to t

f Giavees P/ ansk 23B1Bov P BEIe-2Bid SeRuRRpes o Be Rspvay ﬁ?ﬁf*ﬁﬂﬁwf@émb‘c

rcomn(a $E80 8Bt B EoR hnutag SEAY GRESS wifichIPRERLRY ﬁSog@fzed K63-linked

I munol ogi cal | nt er est

di t Nat.i o
polyubiggtin (apu3e ! Apui-EA) *tsﬁieSCB%eth’é Eﬁﬂanpl% T%hfg@ffﬁ shofy] ¢ heavy chaia HIVR

sequesR@) $t1a0, AOARI Tisc &E@ndﬂ(ﬁt“NDﬂ’\fiﬁdhm tiehk the sdgluynct Wabiandéterghined.
an antlbody to_an _anti it various

Amine pqidposidipnssay bSﬁ’Q accg tgghegéﬂp?t nEJing c1ing 8¥19t 1 astdﬁscnbed below.

Shaded Bt B@Eesithut @R équesy ididpeind enthe aeinb adidseqhanck of the/corresponding
ai n_digestion of antibodies produces two identical
Irﬂkﬁﬂ&?&%ﬁ“ﬁ&ﬂ@rng fragments, called "Fab" 35fragnents,
e Fofiredt 428D gepiglite results gorstoiniditiig esparayentinidscaibed in Example 4.

ual S &% 1h hhtaubiquitin and

risurd iy P0G s Dgipe oGP DL OB ARRORRIE bR o bipanbiauicn
the abytined ccfS)nﬂm g Fef mhﬂo)bﬂlzfsd Kgivbrked t:xha@ heptegbityitin or monoubiquitin. Figure
24B S%’W& g.lgeet{lln %ﬂﬂm% gpua’SW I§d3 tto%ﬁu%&zé@l(t%t idikd ﬁ’?ﬂﬂ@pﬁuﬂ&mﬂn and the
absen@Q@ Bmam@ﬂﬁmﬁ@mm@@@ﬁm@mw heptaubiquitfi g npasopitiquitin. Figure 24C

m ni mum anti body fragnent which contains a conplete

antigen-recognition and - hinding site. In a

two-chain Fv species, this region consists of a diner

of one heavy- and one light-chain variable domain in

tight, non-coval ent association. In a single-chain Fv

—
=
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I mmui aogl obulins. 1gA 1gD, IgE 19gG and 1gM and

several of these may be further divided into

subcl asses (isotypes), e.g., 1gG, 1g&, 19gG3, |1gHA,

IgAi, and IgA2 . The heavy chain constant donains .
Wg%@ggoa’g‘prrespond to the different classes oPCT/Uszoosmﬁzna

i mmunogl obulins are called a, 8, a, IL and p.

respectively. The subunit structures

showstchmegetragiprrdersidsablindingif rRpdr03 g @ F@W%ﬁﬁ@@%ﬂ%@é@@é&m and

the ab@hcd JRHARE kPRI obSe AL - l‘ﬁﬁtla(!l teﬁ%‘i’&fﬁnﬁn @1gdl%$ﬁl‘)lsﬁlﬁ@ concentration-
enerally’in, for ex%gg | ar. and

t
depeoinf SO0 1 Tt SEGOR i BOaD Ha g o
buﬁu@%f&m&%ﬂ@ai@%ﬂﬁmmé%&m%mmﬁﬁ.eCule formed by coval ent
Or non-coval ent assaqci ati on, of the .antibod ﬁ%Eh,oPe,Th
oFigHEs 28 s the Fplfsel p ot Blofine perimey fRgried hExanplq . The
figure kIRRG LR Rk dxyanu-ubkqmtﬁq;blyamal baribgdy, ap. 07 @ laed al}ul’; 071gG 1o
ant i |n |nterc o refer
lmm"'iﬂbzcgﬁ"sﬂi’ftﬁr%g%ﬁ 1(flsi tfegte LBt WHErt ‘Fﬁ; %ﬁ?e%atde ‘orm not
apizhRe OyA-Ds@givRIthdinRSctibes bﬁ@denbd{ﬁv%nka'dmﬂ}tumqmn -specific fab of

e LB 150 LY ARSI P2

dcplctﬁimﬂ'ﬂfmpﬁ& foifteyl baewpar K43ainked pcayublquttaespeca%tfnﬁﬁpdg/ 16 and a K63-linked

t he ortl 2 Letal .
dlubzqwgﬂygg% lr?ﬁ%% oW in qvlbon %]agr 1€§%@%1odﬁgr%n r\]\ﬁﬁe RB RSy
dmblqamﬁ mhameni ghibtdar folra bt theopp pﬁhe figen Fpgleséﬁlﬁ depaqtsah¢ surface of K63-
linked fhu Ié]rr n, Et:hotgc())sg ¥631dl.1& \791@!%1 @gf‘gq)qi 'tl'%?z\;]btdcolo% d@ﬂ(t ‘Pla ﬁ:mdues of

ISses. an anti gen Sl te Of
interest abelet Fagurd :tﬁ@dypma thetshrtase pEapaR- A6 mﬁéhc&bremriw “@témtj‘r% of the

K63h%%ﬁfﬁ%%ﬁgg%s%%$%g§%6§%gg115 an 5%%%%%€y fragnent, for

exanpl e one that conprises the Fe region, retains at

| east one ofsdpi® ﬂ@r@d:&ﬁk?ﬁhe buncirons/manor! | y

associ ated w e region when present in an

I nt act antlbody, such as FclIn binding, antibody half
Genergl Feghmiggtetil at i on, ADCC function and conpl enent

bi ggggtk 3y AR gmééﬁggﬁm dr¥erfional

Tﬁdég Cc%ﬂhﬂﬁghﬁ ggﬁa% inovivo half Tife o
technigubefaelecalat blyloss(lmh#dmg rmn@ﬁmmﬁ@ca@ﬂueah W%@miogm?ﬂ biology,
blocheﬁffs@r? Rl mﬁ&?ibg? Ne R ﬂrpg'gﬁﬁnftﬂeadﬁﬂﬁ%@ the ARY SR MREAGRs 91@ explamcd

arm |inked to an Fe sequence. capabl

Ry ingthe Eiretust ﬁmqhgs,u ‘Molacyiar Gleripg: |14 kaporaiprt Manel gigisd prition (Sambrook o

al. 2065*38 dt@éﬁﬁbleamﬁ@%@&ﬁh (@ni. Gaedy’, l%),uﬁﬁﬂlaheélﬂtﬁufeetﬁﬂ%reshney,
an ant.i body obt ai ned fron1aﬂgﬁf éatlon

e 198 i eimads 1 B RORSGAEBERICHES urrept lyotocqlsjg Molecular
Blologlyﬂéﬂ . Auddbeapil, L1987, eRTRMibSE Ditiatekle BIRD Thabdlafcras €hain

e b P Fs RS By . e

and G.RIMBS0r bike (1909} Tadbw andneeE) daml988) Aaiboditea Ltahcﬁatory Manual; “A

char.acter .of the ant n ur e
practichl Gt S HOIFES. (PRRePRBROLr S o e o8- RlLaborstory
Manual'y(Babad dtyl. i20ehudes an anti body conprising a

pol ypepti de sequence that binds a target, wherein the
t ar get - bi ndi ng pol ypepti de sequence was obtai ned by a
process that includes the selection of a single
target binding pol ypeptide sequence froma plurality
of poly-pepti de sequences. For exanple, the selection
process can be the 15sel ection of a unique clone from
a plurality of clones, such as a pool of hybridoma

cl ones, phage cl ones or reconbi nant DNA chines. It .
shoul d be understood that the sel ected target binding
sequence can be further altered, for exanple, to

i nprove affinity for the target, to humani ze the
target binding sequence, to inprove its production in
cell culture, to reduce its irnnmunogenicity in vivo,
to create a multispecific antibody, etc., and that an
anti body conprising the altered target binding
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. polmsp:elmkws of ubfssitionigtingng, Sutaoplariter ¢ Karlink

s compghes PEIRTPHF § §AVAPTMER CHRATHIARL PPt

WD 2007/ 120334PCT/ US2006/ 062115 W96/ 34096;

W96/ 33735; W91/10741; Jakobovits et al., Proc.

Natl. Acad. Sci. USA 90: 2551 (1993); Jakobovits et

al ., Nature 362: 255-258 (1993); Bruggemann et al .,

wd/ear7/126334 mmunol . 7: 33 (1993); U.S. Patent NoBCT/US2006/062115

5, 545, 807; 5, 545, 806; 5,569, 825; 5,625, 126;

5, 633, 425; 5,661,016; Marks et al., 13io0. Technol ogy
Definigigns 779.783 (1992): Lonberg et al., Nature 368

856 u8i DeehOBd JermMab ighisiohnd SataubiguiB6 Bire 8@ in8t@angeably, and are

1994): .Fi WI| et a i ; |..4- . .
deﬁneé 2%318%&61 lq u be(!rl ar‘nth% %ﬂﬁ @% %ﬁec m}lljar tE 211 76—am1n0 acid
proten( H;ﬂ'ﬁl@)at hml Oﬂ.edYBbErrgil(Hn et akirszaid 6, mtl@ raid 22Remine paddin @11111'10 acid

noclonal anti bodi es
2, anhmo ac%%?’sapnélm Q%BA?% fﬂd/m e mgagﬁggﬁl meric" antibodies in
Whks ofeddenpioy the orm wolxuhaum’aw yeftmadinsonl speoiph of gafag g and
symihelnsj gﬁ%&‘ﬁlch%std} ubly 1@13@9 R EAAYSthin u’" o0 5@%9195@?0 @stes of different

ces I n antl ies derived from aﬂfartl cul ar

Rolyybiguitn. £8-linked
polyub(?cﬁnﬁ%] ﬁﬁl&:d P%@M\ﬁdﬁl&, kBeLARBl I Rfuitdl KEDEnEh gelﬁ(bﬁinﬂnsms-

honol ogous to correspondi n

lmked@elqeieme@eanﬂ Ak aTEBEB. | RO RFGHTAN B HAFY lepaejzpgincludes

o=

at leasPwo %iqgﬂg M&gmsso PaRALiRGEn BakiRRdNcdTtoASEndR M rSp¢lE bastsquitin that

as wel fragnents of such antibodies, so |long as
are Oﬂglﬁ@b’eéRWSB‘Hs aSHEledERFiR-ed bi ol ogi cal activity (U.S.

Pat 84t hMein, the 84&s ‘B6 Ainkadgh yMB{qﬁlhﬁ’OﬁdeLysatlmkdarpﬂﬁfublhﬁﬁﬁ .are

Acad. Set USA 81:6851- 685é§]I Y\Fﬁ)l(%l tlsj . ﬁ%b B
interchapaeaflf, 2pdiréh 1o 3P UDIaRIGR FRlsylsy 8ig¢ & ﬂaa‘r"é‘e &?ﬁﬁ’ RETS ¢
betwedhd QeinRSs &mﬁé u&&aﬁ@ﬂﬁaﬁbﬂy afid NliysiAd ot pesifivaIiae atdrer staghitin moicty.

. f 0on- | ob di
| For o Sair HHAPBSOYNES & e g b LS ke @
pelyubﬁquamr’;une Bbth &b Ry a poﬂvuhhmah moksileereprisingm isopeptide bond
.'ﬂ,betweegl é‘%i {:{ a“ ab%er%negglﬂln Ol'ﬂ)l I { h% ﬁe? &Itgé ISQECu%”Eragd F]hg s gﬁpoks"ﬁllon 63

ariapi e region o
manotﬁaexbiqesm@tdmﬁ;omﬂmmmmw) such as nouse, rat, rabblt

Ohs D2 Ferel éeﬁ'% t%at@%tg}gm%: %gsdlﬁég fﬁﬁ?géef:élﬁlh;s}ﬁe linkage

a’fAF [ OI‘ capacit e | nstances,
mdacanestamhvcﬁrkt lysezgulmhag(e FRyveqnenp dm@%@%@%ﬂ%ﬁr ghpuitin moiety

o &R RELRIPK B0 FLRAYNAAN/HK63) than th d
mvowésryr% ﬁjgirﬂléggl "Fur't hér nor e hurranl ‘zed ant |) bg%ll ggecon

fysine Hlpecloptnpien gee miltm}f@@etf prskenaiper WRIGHIOE A9 i n t he
r ﬁghs@i g8Linanl 1B ddbuﬁfun' pﬁthtvb;e’ HRRA a ﬁ@&ﬂcﬁ&@%&tﬁ%ﬁﬁ% cell or

difications are de to further refine antibody
Tﬁcom‘b@?@fia’r‘ﬁfﬁ%@@ mth‘*f‘eglé‘?%@%”é} andiopReliiiiPzed anti body wil |

C@Hﬂgeﬁt@d %H{?&)H%tdn@bvbﬁéh ﬁéslbe@lf;d@hﬁemateepeﬁ@d e@cm& recovered from
typically t vari able daomains, in \I\/gl ch al

mf 1&%'%1 envuomnent are

materiflP¥HiBS RONE 1r&é?fe¥ch@i&ﬁrc&fzrc¥ﬂ dih@ﬁhsﬁ(tld%&]ibra;ﬁmmﬁglfahhﬂ anﬁbody, and
25and all or subst i al 'Qf 1;[ oge .
may mgldeenRY IR DY RARS Y 8 274 ”é“’é&‘t}lé ﬂ‘e*eml’fﬂ?&’a%eﬁﬁsesr? UEd
embodaitint, kmd)mmy walligd huiyified (1) toakaer memﬂ% bfwaghtloéasmo@r as

BGPTSR RRU A OS50, 88, LBEb g o,

(2) to edegm hEficise® chbones Lebt 1&tresiduet af Neteﬁﬁfial 532@65@5?@11@8@)(1 sequence

by use Ef, Z T eggg etspuq Lihe &h@:sg & a%c% g E@goa%gc? ?}l%%g?ﬂ(}é é.léldel'

reduciig) @ 001trbtmciﬁlg bd»rxdwOﬂgusmgyfoewamph Gooamssiidue @pibreetigipsisolated

[ ; I
anivolf bt BEFley JER B PORO GRS ke AR op TP of e
antibodsB@atufl emviremndnowsl REDANEENY GRANYITO 8y eveplispleied apigpody will be
Mutio ech. 5:428-433 (1994). The

prcparetgb&%ﬁpﬁs)%%cr Jarta F 9]%egi on", "HVR', or "W', when

used herein refers to the reglons of an antlbody

vari abl e domai n which are $W3pervariable in sequence

and/ or formstructurally defined | oops. Cenerally,

anti bodi es conprise six hypervariable regions; three
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Chot hi a L26-L32 L50-L52 L91-L96 Contact L30-L36
L46-L55 L89-L96 H1 1131-H35B1126-1135B 1126-1132
H30- 11358  ( Kabat -Nunberi ng) H 1131-H351126-1135

1126-1132 1130-1135 15 (Chot hi a Number |
WO 2007/120334 ( unber ng) PCT/U%%D%G/OGZIIS

As used herein; the terms “anti-ubiquitin antibody™ and “anti-monoubiquitin antibody™ are
used interchangeably, and refer to an antibody that is capable of specificaily binding to a ubiquitin

molecuie.
As used herein, the ferm ¢ antl—polyublqmun antibody™ refers to an antibody that is capable of

specifically binding to a polyubiquitin molecule. 7

As used herein, the term "anti-K48-linked polyublqulﬁu antibody" refers to an antibody that is
capable of specifically binding to K48-linked polyubiquitin.

* As used herein, the term “anti-K63-linked polyubiqﬁitin _antibody”, refers to an antibody that
is capable of binding to K63-linked polyub1qu:lt1n ' '

The phrase ‘substantialty similar,” “substantlally the same”, “equivalent”, or Substant1a11y
equi{ralent” as used herem, denotes a suf'ﬁmenﬂy hlgh-degree of similarity between two numeric
values (for example, one associated with a moleculé and the other associated with a
reference/comparator molecule) such that one of skill in the art would consider the difference between
the two values to be of fittle or no biological and/or statistical significance within the context of the '
biological characteristic measured by said values (e.g., Kd values, anti-viral effects, etc.). The
difference between said two values is, for example, less than about 50%, less than about 40%, Iess

than about 30%, less than about 20%, and/or less than about 10% as a _funcﬂon o_f the value for the

reference/comparator molecule.

The phrase “substantially reduced,” or “substantially different”, as used herein, deneotes 2
sufficiently high degree of difference between two numeric values (generally one associated with a
molecule and the other associated with a reference/comparator molecule) such that one of skill in the
art would consider the difference between the two values to be of statisticél significance within the
context of the blologlcal characteristic measured by said values (e.g., Kd values). The difference
between said two values is, for example, greater than about 10%, greater than about 20%, greater than
about 30%, greater than about 40%, and/or greater than about 50% as a function of the value for the
reference/comparator molecule.

“Binding affinity” generally refers to the strength of the sum total of noncovalent interactions
between a single binding site of a molecule (¢.g., an antibody) and its binding partner (e.g., an
antigen). Unless indicated otherwise, as used herein, “binding affinity” refers to intrinsic bmdm0
affinity which reflects 2 1:1 interaction between members of a binding pair (e.g., antibody and
antigen). The affinity of 2 molecule X for its partner Y can generally be represented by the
dissociation constant (Kd). Affinity can be measured by common methods kno@ in-the art,
including those described herein. Low-affinity antibodies generally bind antigen slowly and tend to

dissociate readily, whereas high-affinity antibodies generally bind antigen faster and tend 10 remain

_bound longer. A variety of methods of measuring binding affinity are known in the art, any of which

can be used for purposes of the present invention. Specific illustrative embodiments are described in

the following.

19
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“the plawalyavh én@et@m}(wn}é af srcwrlﬂﬁlt gyisEsciahtt Yy

- 1150-11651150-1158 1153-1155 1347-1158 H3
1195-111021195-11102 1196- H101 H93- H101
Hypervari abl e regi ons nmay conpri se "extended
"hypervari abl e - regi ons" as follows: 24-36 or '
WO(2D07)120386- 56 or 50-56 (L2) and 89-97 or 89- 98Z?Z§i‘&’é’°62115
the VL and 26-35 (H), 50-65 or 49-65 (F12) and :
91131’ or:!'eoz b%éil ‘]5192&16 Qf e~ ﬁ@ Gatfick %@ordiﬂg tb B iMdntidiie measured by a

nai n resi dues are nunbered .accor di

radloiamd@lam@n bialfing sssSRRA) FREPTieA BN JFF FER ESEORAT AT g & mtrest
and its tir %\@%rchb (’3? theERlowiSdsSy e Solafid biddageffinity otlbbe for antigen is

N resi ues ot her than the hy ari abl e regian
measurEcEl&) d&uﬁSraﬂ@ thb mwéth n ndefiaheedcenTifion pgg%)—]‘p@ﬂ@%{h@mﬁ the pfesence
ofa utrétbc%: SERICS HP %n?%% 3 anglor%ls ﬂlel[l] céf)%t}gé bmﬁﬁ antfdEh 8 ACAd-Fab antibody-

erln an vari ations
coated pm ek, et sle{ 99 £ Mot ﬁzgl BB ER$ g Te sréeblivh cqadigons 3qr the assay,

macroﬂ%ﬁ]g%s @gm <) pn v aplablys {T@iﬂ{@ ?Qﬁﬂ @Bt PYRdtiaedye Cappel

€ conpilation o

ant i bodi es i
‘Labs) ia5( mBegiiencebomtc (PGt and sebscapehth H@Flf?dl"‘ﬂtﬁlz% &’?‘gi’@?{le serat

B rbx@A&kly DEFED] Inut res-adforbent
albumu'l_fgg’lB%%‘O @H%ﬁﬁv@éﬂ&r@%ﬁgoﬁ )eﬁ JS(P% o Synﬂﬁﬁberl e addo

plate (ﬁﬂlﬁ E@*@59152(1) hi@o gt dzab pMi [ %*%T -andigiree Mok d vk epmelEltiay ﬁﬁ@/Fab of

fewer or ad I ReNi (1997
ineres (8 2 ST S A PSP 5y o RB QTR B A6 8 12 RsRaldl 0957

Ccmcertm 57 HBG)ME)@) d&lﬂﬁah’nf ﬂﬁmestg,xthwpn@batgi qyéxéqg}at &pEeysT, the incubation
may cop‘wg.lg 3(fr aq?né pardoed @é 65 H&Jﬂj dein@ir SN, S HBInER r@6hed. Thereafter the

ding to Kabat) afte gg
mlxtur&%rﬂfanéfﬂlﬂadamﬁie pmm pletd fordrqubpiien ayrpomy tempgra $- B 87C Sour).

“The 50 8ﬁoﬂ is %ﬁ%w%l%se f@a@e‘:@ffsgéd'&h‘% Bm¥anato) 1af tedn- iﬂ)ﬁﬂPBS When

reS| Kabat nunberl g§ %1res

efl Sj]ﬁ Icétes are

countcc?g i 'g(gJ QP %mmmlzﬁg%k%?for teh enifs Ueﬂlﬁbentfhfuoﬂshjé gach Fab that
ant | 3 st andard" Kabat nunbered se uq)&%p cavs.
give lotsShngF ke Po FGmapPar g GO Bt P SGTERLS Diaing essay
Accordn%rm LioRfr L aMidname KYbr HORRLS mefsu@f by b@ﬂQ&uIW@ﬂ@mm
es

e domains are_present in a.sjngle polypeptide
resonadd assays @geBEAdoye l\fh@Og)@ |a:@IA(\;v@TM (% &core inc., Piscataway, NI) at

25°C 28%43%1729%%5%{; b&v{%%%@ é&% Jféséons@@hﬁé pep}. irdR A, Waibbgmethylated

| i nker vveetH¥ ]}Iae 3VH and VL
dexﬁalﬁblmnsoschlml(GM5e]ﬁ@l§PTé§nq)r?ée @E‘Wdt"ﬂthf%? ¥heCdesir ed
dlmeﬂlgfaﬁ%af)%@ﬁ)t a%odﬂllmdb _I_ﬁ(!}otﬁﬂdi‘ﬂb (D C)R0d N&lyﬂreidysﬂcwirﬂxfnds RNS) -

Phar macol o noc
accorditgtid hosipplier’s instructions. ANEEHH eda"%ﬁl 1@6‘8% fg‘&g Dftte, i 48,105
ug/ml J%rz %ﬁggﬁfo}@.ﬁ Ic&ﬂ)n aNEMG WY RdKaf SWmuﬁl&Qo 2hbevé é@ﬁ#}matﬁir h@response

ies" refers to small .ant
umits R 0 coms N R AT PSP RBE! AT h o PSS T hiected 1
block HRBES %@ CF’a h&aaﬁeu@dmaamammmaefomml mh(twns 9f Fab (0.78 nM to 500
t

connec 0 4
o) e e N Yot R derenl (ot Ot O S IO iy 2
wl/mint A@dociaBort:0@s @hQrabd th@soa:lahcﬁwaipaal%ff)mge Béplated msing @ sipgls one-to-one
domai ns on the sane chain, the donag ns,.ake force ﬁ%mume
Langmpixibindini mrodel KBLAS ST valNaiAnaYO i Vers P AR -0 S IBHBTUE

assocu%%g aird (ﬁ@% SatfoRerBEY %ﬂaﬂﬁ nTR d&ldihB@uxﬁ ik Giatidol catupaht E&) asroelcuiated as
escri bed nore

ully in
the ratQak3d 6% famcﬁh%ﬁhﬁ@’er(l%"@ WO?QD@E‘%?@%& Ribe g1 Fate cxceeds
ci, USA 90: 6444-6448 (1993) t
106 Mghie! e TSGR S RS R o P rified by
using £RHQROQMASCHIR tididudhataitagndsitzookycass qrdig@*e@e tpyflugrescence
human and/ or has been nade usi ng any

emissibielniity(esitfion =RAk PRgeTRisTRIT 2 S4B '%Paaﬁ) 5ok gfe 20 M
herein. This definition of a human anti body
specifically

20
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15excl udes a humani zed anti body conpri sing non- human
anti gen-bi nding residues. An "affinity matured"
antibody is one with one -or nore alterations in one
or nore HVRs thereof which result in an inprovenent

wo mothmsaf finity of the antibody for anti gen, PEIR4P6LE2115
to a parent anti body which does not possess those

| anti- algllg%qe%glg‘gpy{z]é% fwﬁ &T@%%Pﬁgtﬁogn{/tgﬁ preSe(r:lge n%fl%{?(l:;ea%#g% %ﬁé@&&foﬁgof

antigedh ¥méal@ed iakgeramndtirgmch asAf SﬁdpFﬂquapqgirsg@ﬁ@ﬂsampﬂet{MVe s

s B U A M B b e

cuvett@f fi nity maturation by V1-1 and VL domain shuffling.
Rgnqolgn rag:u to atn gfs as c;oa OHCQB‘ %&{é albn Fa{ea&mﬁp{’ l&c&ﬁﬁg%‘tﬁﬁ invenﬁon
EEET be as et a roc Nat
can amAdaezuﬁse@@a@%am@qs@ﬂw pl@eion egsonscegtchnigs flsseribed above using a

L TETIARE WECTT PR NETNE T —

ant1geﬂ-5ﬂd(5 z:}u 8&1@8 Qasl(ola&gﬁj)ts (RaNd Briafhk |°3§}50’®m5thﬂﬁtefﬂ dexbmt blﬁem;pr chips
226: 88 Q r

(CMS, aﬁ%ﬁ%mg R PGTaEL b e s rop PR

hydrodhBEidE D) iatd Bl &-atysachinil §N Hﬁ) atdwehrgrto thg @¥ppli¢r sipstregfions.

Antiseg ot ARy 1f S bR APl 54 8l ?E’%@g P ngr?g% primat s
flow rACHf &/ﬂlﬁgmm totatideva Iapprgemately 10 response unitAfRU)z eqvipieg protein.

ant bod
roo B on BG5S R AR L E gy
kinetica nmeﬂuy:peptm tete-fadl saripk dilupeyts of Fab (0, 7AnMde s¢yrdbyare 1p]§ct§hx§1 PRS with
O.OS%CIQVGQ id d@ﬁ S?ﬂ?%s%%% ﬁovb ?fﬂ@f)f %J_leoﬁigfﬂetyr ﬁ%ﬁﬁf‘ tasWiclaRodics (kon)
anti bo of’ the i nvention. is includes chronic and

and di6¢#tRn &Ik JRES calculaldesigessinypie bueckooge Langseir binding model
pat hol ogi cal condi tions which predlspose t he na

~ (BlAcqrp Evleatigh Seffveret varsengiid & e enggrely fiHRg hhfsesatiibf 136?"““‘0“
‘ sensor&aﬁo HELRiilfbRul QistdcRALEDn RS Bk d) w8 6ditiliReda Be eitio kofﬁ/kon See,

Tuscul ar di sorders, ubiquitin-pathway-related genetic
e.c., CRRUVSef 1ef1599)1 IR 20: S@mmt Bloyre e, SOhEI@Y Bt cxceeds 100 M- 571
neurologlcal di sor der: t her ubi UItIﬂ g% Vay -
by thesurfage lpSmoruisog@ce assay a ove E\'g Ofte éz}tﬁ%an & g?t rmined by usiHg a

* fluoresRéR Ghdneiad fedlRiqdl SarBekireahedintpisobi fleratd iy uaisore entssion

refer to disorders that are assaqci ate % g H?
intensighegreaietiant= 200 mox PRAISSIRST B4010 1P PR bR RS 2] 49 °hi98e 20 nM anti-antigen

ant1bo§yn$99f oy ¥h PBS t}ﬁ{ £2lik e pRkidke Bﬁhér&/a@mgi b&ﬁéfﬁ&ﬁonb Sf antigen as
cer “Tunor, " as used herein, ﬁgfs to

measufed bt WEETORCEBISTChgH 8 NPP AR GIHP spes PBFCT %ﬁ%t‘?f&?lm%s) ora

$000-s88ds SURARIIRD s épﬂﬂtom@t@ﬂ(’[&l:ﬂmoﬂp@tr&a&)@&ﬂn@lﬂﬁnﬁi’tﬁveﬁe
, cancerous cells and tissues. . The. terns

» Thaesr G ony " ag g%qd|hcrﬁ1rno1s qut%t}dgcﬂ *fo\;%fcr&f) a 8?0(],1%? ac.xcf molécule capable of

- transporih, lofherr @Heié Qcid kSwRigter hasaieeh lidkadrobne tafeef ﬂmtor ivuat"plasohiy”, which

e oo TS TG S T R Ren GRS e s
Anoth&hyﬁélo@b&gjr &l ph@gméctbﬂ omOtmr typnvikegortihatiral gectoy,pyhesio ayldmonal DNA
Seomexgt?g{ﬂf ﬁ9 ﬁ?abq%%t%% 1 u% atc%ﬂ%zg vlnglor% %r% ga abli%f autorlorgous replication in &
host cdllUfito &hech il atel Imddad:dt(mg , lnyateualwgtptas hiwngpbeeterial erigin ¢ of replication and

Bﬁﬁ%&%ﬁ be integrated
ePlsong"g’iI‘gIBWahan Ve‘gorf eerlhva Mﬁ% Apg%%?mgx anpl es lgpn be integrate
into ths pome ahciersseeil mmbmd@o dcfirarioio shedwbticels anttherebygrgreplicaisd plong with the

| host g aea Hhg lel%re%ver celtdih) F%ﬁvﬁg Arf a%lallﬂe Iof*ﬂﬂ:ctﬁ@%ec&pressmn of genes 1o which they are

enocarci nona 0O squanpus carci noma of the
operativelp finkeda Sedirvedbrs atvaefymed to @prexw Pregsanbinges] eRRrEssion ef%ﬁ*fese lor simply,
"recon%?i%atﬂbx%w&ts @S 3 é}:% ral° @@chgglon PNk GakiliG iCRMpBinant DNA techniques are often
["ast oma, “cervi cal cancer, ovafian cancer, liver
cancer, bl adder. cancer, 15hepatona, breast cancer,
. col on cancer,'co]oréctal c@hcer, endonehial or
uterine carcinoma, salivary gland carcinoma, kidney
cancer, liver cancer, prostate cancer, vulval cancer,
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deterioration of nervous tissue or deterioration of
comruni cati on between cells in nervous tissue.
Exanpl es of neurol ogi cal disorders include, but are
not limted to, neurodegenerative diseases
115
WQIREI4ng, but not limted to, Lewy body i fEgovene21ts
postpolionyelitis syndrone, Shy-Draeger syndrone

in the 1‘3 Xﬂﬁ'&éﬁ'ﬁcﬁc ﬁ[tﬁ@ﬁr’e&eﬁ{ spéb‘iﬁc@ﬁmﬁ/ rpldRahdiaike 6ctsr” tHa Bassed mterchanoeably
I'ple system atrop %érlatonlgral ,
as the E@@é@@ﬁ@ﬂ&‘ﬂ @ﬁlm‘iné’t}lﬁifia%ﬁ*i‘ eftf’ﬁcl udi ng, but not

imte nmer, di seas " I, Cle ' .
aﬁog,?)lc eo's]fl? off H?cieéca%cgis a(; sedint e alg]a;n & ggr hg@fﬂtll Fe:?{o polérase s of
nucleoti@s obﬁvlié’i@th&lﬂﬂmgjhfde Dmﬁamd@phﬁal 'ﬂpaluﬂgotldwlabq @oxyrlbonucleohdes

the CLé o1 1 bstrate that can be
nb"“u%pﬁ Eg%‘f%m Shel Rk Ia&i ai'se5se; “dhroni ¢
incorpivasd inRCa Id)ﬂ}&&:aBﬁDNartd RiNgit ];&)Ilymdv@ orbya synthetic reaction. A

007/ 120334PCT/ L(’;?%QQ 1RO gu(thaﬂ]n{c&@iateﬁ ARAEBRHA)and their analogs.

or neuron | sease, “and ner vous ’
If presay, siicelifichtitngs the aqéw@riamuvﬂuredlilas@ﬁ drapasteq beferr arAfispssemply of the

polymeaml“he seguetnﬁeeouf?lg%% o ragrri)g 28 by lﬁwﬁdc[égﬁ&rboﬁponents A

usci nosi s, Al exand eIrb? Oth
polynuksisasey bar@mhm@@dg?mmﬁe@s NERSH Cpiigeljormya jabel. Oter
types 0%%%%8%ns ?era%g Ex ﬂ:dQQ&E subl@ RN 6f 38 Br AP bZ the naturally

ofa di sease, ﬁett S ndromeh e th ”
occurring peri oF BT GG avslET S YeReHs FIGHICTABS th Ry fo el those wi

uncharg S iU (e. & %Myﬁkﬁﬁoﬁﬁés ﬁwgﬂbﬁfegms,wndgpnmdawé e:ﬁﬁaﬁlhatas ete.)
aI?lncludlng not limted to, £$ﬁ§ ase, an
ond widyaebingass (5. PACRATRUNOY PRBPHECS PP AR By oo ming

‘ c:ndanqi QL fuch 89 ebr ek API) ﬁroﬂﬂuﬁ Q. gl educleted, afmﬂs,OanﬁbodCheS(gnthJepmdes

di sorders caused b rrant .i nmunol o nmechani
ply LK 6 bRt P AT S PG e e oG ehcators
(e.g., thatfld, ARIPRERE YncARMDbIreB bkiatite ﬁﬁfaﬁeﬂs) ittrosd G@dﬁl,mrg@ﬂ(ybtﬂes those with

not limted. to, aut.oi e [
modigbHes s R WWRAPEIGS i pe%c Ak Q‘”Jﬁ’mm"% dfihe
polynucﬁb%(ﬁ!;(mﬁﬂheﬂl aB @ afthe lfxyldmxw groups oahnauhrpmswg n:ethet sugirs mag ke

or | SOr ge I I n I om
replaced, for exagip gysﬁl %% agc oups, P %xﬁ(%yhgtk ét%ﬁ n%%g@%%%%%gg protecting
oloupsh@’r aem\rateﬁpcepm;ﬁare{midihpmé Yickagebdo nﬁllm@ﬁlgqqple@}desc aifeeyhs genjugated to
solid or §fm1 ﬁgledS Sup oﬁg?ﬂ% CLBS tfﬁﬁﬁ?@ﬂ%ﬁﬁ Ve REGh laf&g o&uﬁ:ﬂ:ﬂtﬁted with

stic leukem a ( chronic
amined o oTgavic yATipIg|zER m@es(@Lﬁ@)n ! qqa’@ﬂrcgrb@bmmq é}jkféhﬁfdgmg( Figpay also be

denva&% NGy %J‘O%g{ll?gsﬁt[b 5] PR BTeides ERANB L& RaiPinalogous forms of ribose

I nune I seasés or” di sorders jncl ude, bg; are .0
or deonabodeisngarsctiattaw, eholyAmmin Bitle Fre ElHEESOTTERplgs -O-methyl, 2-0-

allyl, 2 %E&@”H%f’ Qi o SKlsB HibSERKEDgdrnadibE @%oﬂ&ﬂé ki Sis Sepiugic sugars
ermatitis .g. atopic dermatjtis

smmasgﬂ@mﬁﬁéﬁbﬁaoa 0s8% PERRRST 12258 T8 §§§§gkg?@ﬁmﬁf¥wc

analog's 5}{& @mﬁc@&mc@%@F s GicB @ABahyl SMSShdeﬂ@n@bﬂhﬁrc @hcﬂplﬁﬂaﬁa linkages
[ cerative co ] stre

itis); res I.rator
may bﬁsvnlmedrw aererdhe vl e+ TR pIeT At %ﬁ?lyﬂ@ﬁ §iepiggelude, but are not
hmltecﬁ)é N AR en® RBSEin pﬂ&l{pﬂﬁi& is trdpifa.c edBNP(O0S (“ihivate™), P(S)S (“dithioate™),

oy angre s NGRS Al NSRS AR PRk ok e

' indepeddAay HQ:@ Bebsfitiren Sr urswetituict alkiy Il 12010 apticos lyebnFingpe kb gher (-0

and c |c | ry, res

inkeg, &k ALkt o Bep Y] R R BABG R E ARl Bide necd

be 1d61§:M51t aht prebddﬂﬂgﬁaﬁﬁpﬁdh@p}ﬁtwmﬂl roBoE)leotidesat ferakidrig hsein, ipgdyding
ed to lupus nephritis, cutaneous |upus); :

RNA F ‘es nellitus (e.g. Type | diabetes nellitus or

i nsulin dependent diabetes nellitus); multiple

sclerosis; Reynaud's syndrone; autoi nunune

thyroiditis; Hashinoto's thyroiditis; allergic

encephal onyelitis; S ogren,s syndrone; juvenile onset

di abet es; and i mmune responses associated with acute

and del ayed hypersensitivity nedi ated by cytoki nes

and T-|ynphocytes typically found in tubercul osis,
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course of the individual or cell being treated, and

can be perforned either for prophylaxis or during the

course of clinical pathol ogy. Desirable effects of

treat ment include preventing occurrence or recurrence

wohondiissase, alleviation of synptons, di m ni shEETE2006/062115
any direct or indirect pathological consequences of
t he di seas reventing or .de
AT A R A Gl R M SR TR
generﬂlbz%ﬁﬂl&ﬁc PEIPEK RSO Mat a&l@lutrﬁ)]l)abmtmnt rmt:esspalyl, jesstthaprabaft 200
and.r or .l

t he .di tate . :
e SR L SRR S| R Uy s e

The dés&V;glﬁﬁ btRe & polymeloddes del@yly aimMelImxpiNable@tf olgom.icbgm
e e e T s

charaol’tﬁﬂmm.l Whills edtibddies dabibit hinding ertecifipity to e dpetidic afitgemimmimagloyuling

mcludé otk Qnﬁ%%(gesga% z)the a%ﬂlgod %ﬂé {{gieaﬂes%ﬁc% ;%’%dMlP 14648 mk@‘é@gp%mﬁmty
mates, mce a

Polyp apemsa)f the éatﬂaddndmntf@' examée vexipash pideve lavels by the hvmwh system and at

ng@ urposes of treatnent refers to any
Hm“m“k? L%F%55| ed as a mammal , includi ng humans

, d ahestmsd amat’mdf'andn immupedlebuling e ysedmteaghanaeably laﬁheﬁvéqadest sense
and maﬂaermt&n%cloﬁaﬁ‘ E:Hlb@éiesctg gs fullh&fgﬁﬁﬁ mt&:%&ocfé@%@nﬁb%&@s}, dofclonal

tal n enbodi nents; -t he manmal s
catibogies, e galst vEltape Ritbo st BRSNS A AT gebpRecificgrtibodies so

long a%c@%ﬁﬂ% Radbdio 4c0ds,) afd thdy o E!@‘Iiﬂ§ S@Jam, an@8YAP fragments
achi eve the desired therapeutic 0[ pr-o ctic
(as degcilqg) ip greater detail Aeneinh AHeihedycar b ropper *édf ’é%a%‘ﬂ??fi ‘3?"
aﬂhm§nﬁﬂggtance/nnlecule of the invention may vary
accordln? to factors s

th t
< ke RPARAGR o ST BHE St VY AR oS T e R P 19 SBp!

: domaﬁlm h%&b%ﬁ ﬁla[ﬂﬂf&i‘e&hﬁ;odﬂr OTlgkd dinfaind attesheradigl thieaspoOvisieble parts

n, t he ndIVI uaI geutlcally ef fective anmount

Xic or detrinmental effects

ofThd daen %ﬁaﬂa’neie{s noihe ﬁmt mataemlmmwwb ghtbeivaogbl¢ fenains differ
extcns:.vrgfyglg%?} eglg% %Inﬁogn:g:ax o e%dfal{'/egés% m) & n?)&n%iﬂgéﬂd sg)eclﬁcng of each
particiarabtittodye fol es:pamalar at‘ngdo Sagescraitd virisbilipds 1ob dernlyfdistibiyied
throug % %Scsvgn%le c{o%aﬁ? 'Sf agﬁ‘i?od;elg Cn %e&h&ﬁgat&f 19 rt’rl?éél s@éﬁén% called
not necessarily, since a

oomplpn@mnw @mﬂnummsgons $CRBYdT hyperyatibasegonsbpihin the light-chgin and the
heavy%%%aﬁlg BontdiAI &h tnofg 1% W&nsemﬁ ﬁ@tﬁ@ﬁ@f Laablk aathdiXs are called the

ctive anpunt mpu | ess t
framewdrl ﬂ%ﬂ@e m‘h¢ *cvallalply derpefiescort iﬂ‘éﬁefe by and lighhehaing pach cqmprist s TR

region§: gﬁ?«{) qgtarbﬁée‘? b(ﬁlﬁcfﬁfa%r? cdnBecd DY RS, 1kek form loops
|ts

prevents t Re uncti on” of ceIIs and/ or ,
comneasiansd ingheme pHie ORI EPartal) habeiaTHhsct SBIGHTT. o SDBH btk ghain are

held tdo&ﬁér%ieogc Wweﬁi%gﬂﬁ;mmzm;samagﬁéﬁmmaﬁa

I'sot opes

- contritmte to ﬁ@gwaaapwfélg@ppgfé l:alngia}gé‘.gggf aaqﬂbqﬁ_iﬁ:j; (sec Kabatset al, quuences of

Proteis@ mﬁ&%ﬂ@mmﬂeﬁes@gﬁﬁmmee P@tlonaﬂfﬁlﬁﬂitﬁﬁc bEN@E  Bethesda, MD (1991)).

adriam ci'n, vinca kal vi neri stine,
The coppiA KB PPIES nféfla’ﬁlygﬁ‘ el Betanermosng; PR, Put extribit
variouf RIS Gintkidas, s6dhl 20 bﬁﬂﬁpﬁioh of tHlasmidoditih ahtibody- deptﬂdel’[t cellalar

|ntercalat|ng agents, enzynes and fragnents thereof
toxicitg;ch as nucl eol yti cenzynes, antibiotics, and 35t oxins

S BffainaligeSthtal olf aﬁﬁbbﬁea,ﬁreiubcs)twn sienttcaleanngamaxmdualﬂagrnaust, called “Fab”

terlal f.un
et PTG PG TS VR O g el P aisBhe. P fhe refecs
its ablm Kd @ymlm&eaﬂmepm tramm giaklean F(WD)2 fragment that has two antigen-
PCT/ US2006/ 0 nts discl osed bel ow.
CombIW%%l %ta%él A aggagogn’ioss lg%éga% ri bed bel ow. A
tunnr|C|daI agent causes destruction of tunor cells,.
A "chenot herapeutic agent"23s a chenical conpound
useful in the treatnment of cancer. Exanples of
chenot herapeuti ¢ agents include al kyl ati ng agents
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chl oranmbuci |, chl omaphazi ne, chol ophospham de,

estranusti ne, ifosfam de, nechl orethani ne,

mechl or et ham ne oxi de hydrochl ori de, nel phal an,

novenbi chin, phenesterine, predninustine,
wWQ /6953 de, uraci| nustard; nitrosureas suRhI/H82006/062115
- car sztl ne, chl orozotocin, fot emusti ne, |onustine,

nl. e i HEiBerABcdeh@on and -

o nﬁenal nce mgxrl{?u:% aﬁr@ﬁhj‘ﬁ]%%{ hiqwﬁl’ chgcght:a%l% ggdn@ﬁtﬁ e ona
bindin® Qiess ;Inea:wwl-dhym Eakpectendis tzian gepsiveiof 2 ST ofans baveasnd ot lisht-
chiain ?@%@@ﬁ@%ﬁ t) n& ovfﬁ\gﬁ Qé%mﬁlﬁ ”Inl arﬁﬂbleﬁ;@mn EQ gﬂvecws %_ﬁe heavy— and

nem cin, 1 NCludln d nemcin
one lighs emamiigilnionan c\mgq: ccaslmﬁbfd@h?dzhngielpﬁm@ﬁ Bk B‘I“EB gt he

light aﬁtpﬁ%ﬁg e 9&5&9@ A Pt@hdce Medhyd@aRidus @btfltid £two-chain Fv

ores acl aC|nonyS|ns acrino

specicsult R P EvASaSER O F BBy oo o A TG o dfne
antigeft Bhakl Gl tEAMTRE DPRY VHIVL GRicE | @@Eﬂidelymle six CDRs confer antigen-

chrononyci ni s, dactinoraycin, unoQ
bindinglarecH by 61, HBTS . SO E PG bl of en P

comprRRRAVMEL NTIRs sHeoi fabirCintigdn) Rslthecibiligy to recognize and bind antigen,
nor phol-i ng-doxonbi ci n, bi %agrt onor phol i no- doxor ubi ci n,
although %ﬁ#%werﬁén%fm BFHIHPIBIRE HEoxy doxor ubi ci n)

efphd kgl |ﬁ6gxﬂent RIS®OE dnbiiB Itl[b, cohgkat ddmadn of, thenlgght aheinlaodrﬂng first constant

doman:;]n Q%gl{)na/ﬁ;g}% ﬁ%%# %} %ﬁg’" I | n'ffcf ﬁo@ﬁ% ?4&' l?yotﬂg ﬁcﬁl.lmon of a few

residuduf EVEbIXy tﬁtﬁﬂhﬁﬂf}tﬁ& 1|[B,av3r @ﬂmr@j{h dpmam mﬂudg}gtogn PIRYTAC cystemes
stre Cln I i:

from ﬂ?(ﬁn !gci ge 13%1?11 frag)t gng f déépﬁn érel Jr%? h%Hhie&)i(l g:tte ecysteme

residudls) &f the f:danstanmomams beaf & ¢ Shiol Eroip- &(d:cp@n‘dwéy &mtswgﬁally were

‘ a d Sho J t CIIl. ET mic
e T
couphfgswémhqﬂbzcﬁ@gmﬁntearetah@ hfm“pstrl ne t hi oguani ne; |

pﬂe ﬁﬁ ggn@%ﬂrﬁﬁ%l sl'tﬁHm Bk PRI Sy vBAEdd dpeldi@an be

-aza I ne, carnotur i/?éaram ne, di deox un% tﬁ "
assign@m o1d afte pnl dene e sTiee Komp GRard BIRG (e i %ammo aci

Sequelﬁgg%l%t@ﬁcgggﬁﬁﬁog[agge dr onost anol one propi onat e,
epitiostanol, nepitiostane, testolactone;

BFrsPRE e 9S S d SRR S GETLR TS of AP BPahgeis
antibodifd (h%ﬁr%gﬁbulfn@ dafi b@Gsksdnddap lgRieiidsscs UTHerese fiveahdjo obasses of

e Q02T AP RLAMIHLYCOS e it

subcla&%@ss(ﬁsbégéé? ielg:, Iﬁﬁ@@mz 118G Ig(ﬁdl@t\{ aﬁdﬂlgﬂ,'z tef lefrgmihaie constant domains
denecoki ne; di azj quong; el r{chlne e||ltptInIH
that coewpRt ta theéfxlff%%f;]msF%qfémmu obulins are called ©, 9, €, ¥, and [i, respéctively.

" The sub@ftrid @33 Gt US2QR8d A fedd A duraioaghdiatknt gmsd:slotﬁ immunoglobulins

~nitrate; hydroxyure lentin | oni
are WBWW quﬁcalgcdfgﬁlaqﬁalgén @F nﬁ\ebbgﬁ,]ea dla{;%gl d Mol Immunology,

4th ed NR600Y USZ BHIB 6y Thiybé bt bﬂil]ﬁrgeﬂﬁlpmdmnhmﬂq, fummcﬂasxomgn or TON-

pent ost at i |rarub cin:. .los rone;
covalent. aéﬁoﬁ?ﬁlmqﬁfg%é“%y S8 ERY BA% R erlﬁgﬁms)orgﬁ%ﬁésacchar i de
CKDH&J‘EI@S “(uliHeaghipdrtibady, anMMUdeyE@ngvéaole@body”aaz@mﬁ bercin

1nterchg?grc%kgx: n{j:&% Iéoz ofl éﬁ%% &rgue%r gmﬂ etf%ﬁreﬂ&mw‘:frgg%c%s as

defined bdleh drﬂeeexma p&nétéapecfeatOI ay aﬂhbzdy with heavm@mmaéxa?qf)ﬁtam the Fe

roridin A and angui di ne); urethan; vindesine
reglOn( ELDI SI NE(r), FILDESINC); dacar bazi ne; mannonusti ne;

i Abpdyrfrazotentsi ¢coipaist eily 2 pArpebIf GRENACt Hbqy &R the portion

S i b ERActiohSAtRhAS asBeidted with that portion

remms%&%?% Lr%:“éf“. taxe Iﬁ)s% %Tr%us!t)%g- M/eros Squi bb Oncol Qg b
when Pesertdeaointactyngbody. hBRAPCRMIIIALENE ab#a%eé‘ecompﬂses an antigen

& QRARL he gt ar s Akib@N 04nother embodiment,
bmdmb%%ﬁ%)?whﬁﬁgﬁf%gn%ifo Phar rrace%ﬂ cal Partners,

Schaunberg, Illinois), and_ TAXOTEREC doxet axel

(Rhone- Poul enc Rorer, Ant o?ﬂ/ France); chloranbucil;

gencti t abi ne (GEMZARO); 6-thi oguani ne; nercaptopuri ne;

nmet hotrexate; platinum anal ogs such as cisplatin and
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WD 20071120334PCT/ US2006/ 062115 anal og); anti sense

ol i gonucl eoti des, particularly those that inhibit

expression of genes in signaling pathways inplicated

in abherant cell proliferation, such. as, for exanple,
wikszatpka, Raf, H Ras, and epi dermal gr owt h PCRIUSR006/062115

receptor (EGF-R); VaCCI nes such as THERATCPE(r)

: an ant?é@iy%p%%%&%f %}xggxglétgg e V acchn Eﬁ }‘,ejglfog : tams zgﬁ)easet oae of the .
biologMAXLEN D) Hormvdlg G:ts&ﬁated_w 1@: Eﬁ‘émm raenmur a&etadr antibody, such

- Fc%%a%g;%ab@@%é%ﬂoﬁy%?%@ﬁgd@ﬁ%éﬁﬁ@%ﬁd' RS i Ao

embodifi&it, Qi bixiboay ﬁ@x&ﬁmmmv@éﬁﬁﬁmy thatlRelan in vive half life substantially

.Sﬁnilangtg r%frl %q%fe u%{é Cdgf %%/‘lr e%gn% sgc%l 2 aﬁtﬁao&f t&g%p%%z%yocromgﬂse o(rj\ antigen |

above.
bindinlyinhihiksd @fan [thaqngmgmpfd)ld_@moefcpme goerito stahijisrip ithyrfragment.
r[’ﬁv des anctzlon*%? :Lf :g'd b Qﬂse&)hcggn %&&ﬂofah %ﬁ:{bl)asr Jb@uned from a
pof Y qUET R but not” to monoubi qui t
populasipe of sibstatily, homnginbog tbotitais ath@méraﬁaﬁ |a@1b@fhemomrlﬁgg the
populal%el? gLt eﬁi%l L&ca&?@ RELXHRLAH, B(':cﬂnﬁg BRfakiSs Mt Rraf bd Hbsent in

sine not to aqPo yubi qui tin _conprising
minor amg@@o Adus, the ﬁrfoéqﬁ;h fmonpglgt}ah andigatgs g@éhzg?céer Igf the prfibgdy gs ot being

a m1xt19:@ St ASdkGE thlb&n% 'Sﬂéﬁ%n'oagna@ LRbbdasyieny MluihQd Yntibody

conpri sing R- region conprising 15the sequen g
comprising atpolypepsde s@m@n@fth@mds Pargcss Whereip ghe &etégldmwiiya% e

sequer%g adobtrined @g gl%gass %&%ﬁé&@s thd Fdectido8h a shdB-thdd bmdmg polypeptlde
695-704, 73 and 789-799. |n qQne aspect,

equencafrerma.pbﬁahﬁrqf@pla’e@ﬂ%seavmp%oéveé SRR pighegfan be the

selectibESH QRiRONSR FASa ﬁﬁﬂﬁ@r&@ glosB) aet sd pﬁdi@ﬂhﬁﬁ@ﬂxﬁhﬁd@, phaﬂe
26, 90, 176, 240, g adn
clonesgprseomptinghiaNAsfsaes I T i g%‘&”é‘ﬁ’ﬂ"% ?‘ﬁtrt%‘iﬁeg“e%d 321 sequence

can be@HHPARYeACROFTEy ?lle ng 1@rb%3fﬁjﬁwﬁﬁghmo&QMﬁmmnghd tl&lget binding
sequenfe;ggfcl)'l g]g)goeve %;Rr% %glgi%tce]g gﬁm%gg)SE%g%x?sgtﬂll\%unc}é%mgyz% vivo, tg cZ',)I’e'clte a
multisFed e @Bidbody, @R, Zdbthat 4D BatibbSy compaisiBPibe Blleted tirgetbinging sequence is

S PR L R R
typicallyDndlae: diffiRent 110D di20Rrectaba A Bifer@d deterBgnts GERore1Gch :
monochnal an?‘é]q(ég gg‘ gmodolglogﬂ ?mt?b%ﬁ)e ﬁ\e&ar%_%ﬁ id ANERH o8I stRIsRY¥le AESrminant on

nmpri sing regl on corrpr|S|n t he
an antlga‘q Ue adm:lomfto mnr $m§mtsorhe mphocdpa 4uibedperepgationy are advantageous in

o 58 ARl Bp, EP r

 indicatasihe ciaractehef tharntibedy an bbbt figm aa@ﬁ‘t’ﬁt%ﬂﬂ)’ h@@ﬁ%ﬁnf’%ﬁs pgpulation
oty Rl B9, B e e o B Y il

method. 7Hor emmplegﬂm monoclonal qnﬁbqﬂafé tcagerjgeq m aquglapcﬁ\y@ﬁtﬂiledﬁcscnt Invention

“may b&h! b‘}%svaﬂay @t{ntgdhgﬁgéé HOURAS, S Garih I MR hkridod nthod (e.g., Kohler

LR e A O Y -
Laborz;)?% 'Pregso 2468,19589; Qﬁf@g{@eﬂnﬁ% all, QFE M@&orﬁﬂz@nﬁb@ﬂh@s ahd T= &0,

HVR-H2 re r| ence of at
hybndp@w%%b(%qew% Dl np Iﬁﬁ @gé{j 1(5:/3? EZ%QU § Patent No.
4,816,841 pRa= dlsglagltea%log%&}e%@, C4§:1<sc5129a1 B3thre6B2; 67308 T1K6]);

ot 8 A0 SR ESREF S DRSS, oo

Lee et@DIPVLE By 384(6): SeGUent ©004); Bdlloheabc. dat /shd SEQUSD 101(34)

o i el 54000 R0 SR g o

for prodB8Gnhan aﬂdmﬁﬁ-liﬂ&/aﬁibladwseg amimald Bhatlpwp pdrts iongl aftfee human

. se nce.of at le one

o SGEHSIS8 28 5 906, By B g g
663-694, 717-727, 761 771, and 813-824. In one
aspect, the invention provﬁdes an anti body conpri sing
a HVR-H2 region conprising the sequence of at | east

one of SEQIDNO 27- 52 WO
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599- 630, 695-705, 739-749, and 789-800; SEQ I D NOCs:

27-52, 91-100, 177-202, 241-252, 281-296,

338- 346, 461- 529, 631-662, 706-716, 750-760, and

801-812; and SEQ I D NOs: 53-78, 101-110, 203- 228, _
WQREB7/28434 297- 312, 347-355, 530-598, 663- 694, PGIYS2PGEH62115

761-771, and 813-824, respectively. In one aspect,

WO%}/@Q@%%(E@%%@Z{% c%‘ipﬂ‘frﬁ ?aﬁlokf‘o%sg%gfﬁi%?ﬁﬁ[ 'A%M‘QC@HJ%A 90: 2551 |

(1993 Diltoboefts dt hig Naalrd 3Rt Pr:-25€ i )993n BiugktRabi cisd qﬁ@nmémmunol 7:33

oo L0, S 4550 050UR01 60, QA0

al., BiG OBy 399776303 (1595: F@bers FB0- Fare S4Bicb5 857 @R Marfigon,

e 0 R ADEASPES Moy e iRt

NatureZEBG_teQ@@l 1338% (39%)) aniljonserg amh@q_szegﬁlzterw@@a 'Iatgp@unoi; g@) 6?69@ (1 995).
a?ﬁjc BB A nriBQikd ekl §Eéx¥c§lll]‘§n¢ﬁ1§&%ﬁﬁ%ﬁc’%ﬂﬂfdﬁe§ hidta

| east one sequence of , 101-110,
portiopgf 3hetRgyy apdigr lmma@gsrldmal vgtier BgmolomupiongnespEdias saycnces in

 antibodids/Terifell &oﬁ%ayc%lar @%&&&ﬁ%e]&%ﬁng 1 la}ﬁrh&ﬂlar aviRoli3class or subclass,

sequence conprising at_ | east one sequence of SE | D
while Wa@g‘@g ofthg cha;grg@ is @g}_@calm@l oyg(gno %?ﬁas bﬁzgrre;zg}zi g sequences in

antlboché‘s RRGIEREMbiher PeLids %Yﬁé']&ﬂoﬁjg t@ilﬂﬂieﬂﬁﬁbcﬁi@ cREdr Bddhiss, as well as
hat sEem fically binds K48-1i gked ll311.1 ’g ubi N
ﬁagmwwﬁsqq gribadies, # Tope tubevise B thre%Ed HRlagc 81"‘57816 Lﬁq% N
4,816, 5/@71: dhdeRsioant dialPhoe. Nﬁdu&ads.:afmm 1t6851-68AFNI988)) ng at
| east one, at | east t at l eas Nr ee, . or .a
iﬂ% anuboé) es that

o R B RO L i FERES™EEH?
contauﬁzhmﬁ]ﬂﬁo ugige dﬁ%ﬁg&lﬁ’ﬁlﬁ gomﬁuzﬁlﬁ(@nhﬁnd\g@mhﬂ. -I1R6ne chﬁ)]zdlmtlﬁﬁﬂ
an
e sraRel RO RBFTIP RGOt Bade Hirt kel M e e
hypervhsmﬂe 2gierbd, the]rzalpma(a%(}eglac%ny 28i6ycs &61-23@Prvaginkle region of a non-
raman el (sl PR TR RE TAFROEn I R B GGl

specifiG80affifify, amtie cFTity7 AT poraaidst{rices) framevaviReelign §R) trsidies of the human .

e 185 P OB RO 0 QB e

antiboipsandyctewpras resiupbatgretriotfourdyia dhorrpeinist §otigpdycg in the donor antibody.
These Ilﬁg(ﬁﬁ+énﬁr§eage lﬂﬁex&l Mé&'r&ﬁﬂg iy PrbnatE. | Migtérad lﬂie h@inﬁﬂﬁed

yubiquitin with substantlally red

antibodyfwifl gprogrise ewnaély A okat el 98¢, aphpically tre 3t {e\féemala% in which

all or slﬂ%@dﬁﬁal%nlﬁ @Fthe C%eﬁlahagl@léb psQbrrt: @ndf t@ {Hon\Mf Agon-hififan immunoglobulin
0334P S§2006/ 062115 . Hé@!]:l—' N@Cg] [_}%

and all @pwbpiansia iy athel meeFé?s@tareotﬁ%%%a@é??eém@Pn% T5e €

humanﬁtl,d %@bocg' tigfafly wiklso33hprie 3 1eBsd @ porf 3ol b Qmmaﬁ@lobulm constant

i) an HVR-H2 sequen ris t
region QF,% tg@;au% ‘reof afhmggﬁmn@mf{ﬁ-% qllllxgiga_rd’@%gg ds,é;gezﬁmcs o Nature
321:523385 34%); lﬁﬁélhnﬁﬁﬁ et al SNt 332:373BQ 19881 2nd Bréstd, CanOp. Struct.

Biol. 2§%%?SE}%1 % %’fgﬁ TNy %xgi allﬁg g’]atmggge re%%%(lﬂ%gﬁnerem Vaswani

" and Haf®ton/ Ads. Aﬂfﬂ'gy 8113m82’a41‘mn(m&ﬂ) 1:205- HYR1998); $legisghiemem. Soc.

oG R S P 080 BB g
| TheNDRY “hiperSriatBd D67, 1AV R 16 ITHIBAvhe® 92d B@RIn referelto7@oregions of
an antl%o%y vana%hl o U %@d&r V%Drvﬁrﬁ%ﬁgﬁ Eeg{lé?)aé HQIJ’O\I fong %JCWE%-ﬁy defined

as In Fi gur es
loops. Generally, antlbodles comprise six hypervariable regions; three in the VH (HI, H2, H3) and

three in the VL (L1, L2, 1L3). A number of hypervariable region delineations are in us¢ and are

encompassed herein. The Kabat Complementarity Determining Regions (CDRs) are based on

- sequence variability and are the most commonly used (Kabat ef al., Sequences of Proteins of

26
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8, 9, 10, 11, 14, 15, 16, 17, and 22, the nunbering
bei ng consistent with the Kabat nunbering system as
descri bed bel ow. In one enbodi ment, an anti body of
the invention conprises one, two, three or all of
wd Heri¥Rsequences of (i)-(iv) above, and I—I\/Fiad;r/irszoosroszus
and/ or HVR-L2 conprising a Kabat consensus sequence
(e.g., SEQID NO 79 (HVR-L1) and 80 (HVR-L2)). g
Immungr{remdéve*@ti sth i Ruhlicligalth Rerpe o Dedens! Lasitopaiitisalth, Beibes 2, MD.
(1991)&%‘%{1{13%%& 1%?&%8 Yo tﬁbﬁbﬁioﬁlyﬁh§%%&ai%g@§pfgehﬁ{§@ bd Bk V. Mol. Biol.
196 90ér?é7 EABOYI TheroM hwevarﬂbl%%%@é EPFegEY h%‘rmlifﬁ‘ﬁ’ﬁ? ?%‘%eel“ ﬁ{]abat

CDRs %ﬁ%ﬂ&h@é&&%ﬂ@&ﬁ Eshd @ 1Ny Cxesld Myldohlgtir s dfibodlmodeling
and 17.  Sone enbodr ments of anti bodi

softwafen e BAC BT RE CI oD [BHFA PR o D a8 L a ST gpolex

crystalMtRRMsZ 8l AR HotnRaeh/of s\l dldriaB): rédtinRaiERdicigslow.
(I enentech, Inc., South San Francisco, 20CA, USA)

S refer d to in 07,213 and Lee
LOOPéi%lb? 3B Biof cg??%‘o%), 32%?% %073 93) as
---= deprct ed im- SEQ ED NO™"783 bel ow. " T Asp Ile Gn Mt
1 Tha-Gep Sem2Pro3fHex Be6-LBU Set. Pd&riSét Val Gy Asp
L2 %()Vﬂls Thr kherdin Cfsols Al a SetadssAsp Val Am Thr
Al a Tr Tyr gg %gr Lys géf? g6y Lys Ala Pro
L3 Wp9-Eel Leﬁ‘sigr 8 a Set T&n Tvr Set Ay
H1 \ASlL-PRoB 25;125e3¥3$«@ PRE6SEI2 Gy SERONBXEet Ay Tin Asp
Pherdbrud=®erThe) | | e Sat Set Leu Gn Pro Gu_Asp The

A VRO G E0 e ey Tn o fo

I‘@hﬂ@la?%’)‘“b(’—’lﬁw esi dues_ are underlined) In one
H2 eassbedesment ﬂSDhE5$1uMMMBSH$ i ght H&haia® vari abl e

u3  GRBBLNSeqyeBsce: bs Nedistiesh at 3fenenen more of
positions 28, 30, 31, 53, 66, and 91 (Asp, M, Thr,
Phe Arg, and His as indicated in bold/italics above

I EGREGHINEkeYipns thiy d@ﬁn@nen‘bﬁmwemppmmlmoﬁsr @dfollows: 24-36 or

s QYPERIES BT CATPIIGER s IR ) B

(H2) aMI- 102 004~ 5)3 or 054192 (HB) pothé VHO h& Bariablp d¢rosin Seiugsgre numbered
accordgrsﬁf ?(i I%abap etz S}(lpﬁ%%r e%ch r?JtQ/ese §BnPB%. enbodi ment,  an

I'nvention conprises a light chain
'&rramrodc"dorﬁi"nes@cbrnparc giosrgyatidite dopginapodesghaphaiied i n

,hypmg,agleé e%mge?lz‘% pl%(lge?ly\r%ﬁqmﬁsp Ile G n I\/let Thr G n Set

a Set Val Asp My Val Tin
| Tles takr “v@yjablelomain] resa@emu@qmneerm% at ’serr arséro agi gosifipn

k £, s to th bering syst used for hcavy chain
mumbeflfos T R s e R O fhe nupering sysien ys,
variable it pr ctrs,m vigigble priaisetf ﬂSéPmE%wwfaneB?dw@%/K%F tal

Sequerf) 0 @%gotéqﬁsg)f Bﬂﬁuﬁ%ﬁ Mte%%{ 56ky PEBlc dalh g&wlcé\wmﬁlﬁﬁmsmutes of
'I(E le Ser Ser Lou G n ProGI

HealthTEﬁ#hefq@a; MER,Q»] 99@9 sUging thig qqm@g}ngWemF IC agip h.gp% alig}ng &Gi—lid fequence

- may ccP B ﬁvé‘r oFhditiIn¥ allifb deyB céf?ésprﬁdﬁlﬁ td &hbﬂ@n@@ff of ﬁE@z&ﬂnto aFR

(HVR resi dues arﬁ E\Werl | ) Substit asmcle
OrHVTr‘tefs%mbW%mP cEFERIG 2 59%“1%1‘?1‘&% f
amino Q@Jl Rdrt @dslaas sabeMRding o Kabat)“iﬂer heidbe® dH2tahdinsaried rmdm (e.g.
an conprjse any sujtable fr wor k . vari.a
rsidss S e 810 ot B RSB RROEE P BB Ut e
nmnbehﬁ‘%d)ﬂi&hd’ﬂl& BaytS dele@rbiingd fo y gﬂvﬂﬁmﬁba’dkfag eligngent at regions of homology
statrall retain Eo a me
of the SeHyFHeH Htwll%(?df’t&d =Sk ktaﬁa)% "lq]ﬁ{/eéércrltsf uﬁﬁ c%orr'prr se a
htgate- amﬁgrvo Wi lahiibode &ugmentsaompiise lreeVio pid Elo Agesiss 9§
. Se one enbodi ment. Hehgr
oo, G e SRR & 0 St T st B IR (OB e
at position 71, 73 and/or 78. In sonme enbodi nents of
t hese anti bodies, position 71 is A 73 is T and/or 78
is A 1n one enbodi nent, tirese anti bodi es conprise
heavy chain variabl e domain framework sequences of
IluMAb_4D5- 8 (AHERCEPTI N(r), Gerrent eclh3 Inc., §out_h_ San
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 making hpbenpotiandies praBsclosgbhorcy

CA, USA) (also referred to in U S. Pat. Nos.

6, 407,213 & 5,821,337, and Lee et al., J. Mdl. Biol.

(2004), 340(5):1073-93). In one enbodi nent,

an anti body of the invention conprises a heavy chain
weoadsi7abises donmi n, 05 wherein the franmework seBUBEE2906/062115

conprises the sequence of at |east one of SEQ I D NOs:

111-129, 138:141, 146- nd 8
polspepide S saPriErfLboOERIE fokes BER N YT B Syl gravies
the scBf to FrQ thd HeNeR!: strbetd® for 8dtig@bindibdl - Fb7 6 fevi2RDf Rod see PIuckthun, in The

NI NN e

York, 28262965 (1888- 346, 461-529, 631-662, 706-716, 750-760,

53, 35 s g AP MO39 s

which T@gmdTslcomprisk :3iE3vy8Ddin vablpaiomiin€VEf) cobrectsrd ¢o 2 light-chain variable

domaif ?@Jﬁtm t g%ﬂrlle Ral}ﬁ] ]2;&1 Qf?agé/ @'VEP We ; ?éllg %h%g&%ﬁgﬁr% ﬁ%{?ﬁo Hiow
pmnng@@ﬂendetwod@mmm&nmﬂﬁﬂ@msdqueﬁ@éﬂmmmﬁ¥6Ee&éﬂﬂwﬁémbﬂw
compl?ﬁgtaﬁ&gﬂﬁns ot ik gham]aiécégtz Mojaﬁgceﬁ%ﬁzdn%réﬁless %a‘b&@gs’ are

sequence IS

described aueniolly lnstSE@mPB Rb40%@7 WRA31 Kd; Wﬂi"ﬂ@g@é‘aﬂeﬁ@é Nagl. Acad.
Sm;UﬁﬁgGQQQQ6L@g | east one of SEQ I D NOs: 313-328,
, and 772-782. 35l n_one enbodi nent,
af “&Wf@b@ﬁ'}od@? iswﬁ@wm%%queﬁ R ERBR FALSTIFRHYSR CHEPPPS ©

that of\éﬁ LhiBBEEp QIR By 2 MRARE @hdorlnBeh b ARRWRRK m%ﬂﬂ' lt!%ﬁ&!ﬂmques for
onpri ses at | east one sgﬂﬁfnce of S

| dgfpign of| nﬁ%od’y specifically

exclud?@?lﬂ%ﬁﬁ%%d ﬁ@o@vg\gngl?élgl/@fgééium%gm& /Qd‘hdanﬁ&g r}ésﬁcﬁﬁe ctively

cl one , Il 6/ 062115

SPRT HERIXmatisd ARy s AT ent & oA TR BBtSaL o5 mgteIVRs
thereoDFhiel 1@A8Sn 48miprdment ghithd BifihikBof tied antilgsly 63 adfigemcompdned to a

- 63-51, Fab 0 h
parent é’ﬂﬂ}’ﬁ&&ﬁ;ﬁé%ag‘lﬁ 6’%%{835 g%g%gﬁ%ﬁ%ﬁ? F(ﬁl% gm mcn%;l}l tagélqglgxatured

antibodyetay yandalanoneaen pitdneoldaffaitivs fonthe taganattigen. fAfameworticed

N e s

(1992)IdeiRsibi affenipy eraoessiob by ¥ H dnd 3 cbeqmehuf@sc shradpip imgagengsis of CDR -
and/or%r%%%@&%he%%&qg d%@:‘ﬁd%d S#r Q80L: o Hod A Fl Gl 58S U@A 9133809 3813

one enbodi ment, an antib
(1994)05chieher L riven 1 0N TIGF PP BORlomle Gk emEPh | Vs OABIG (1999)

Jacksoﬁ'gz%_' Prm5 Qs B A58 of S (@ﬁ% &(H%@k&%&ﬁj QRTi6S2%586-896
east one sequehce of 130- 133 and 896-

(1992)907, and HVR Li, L2 and L3 sequences are SEQ | D NGs:
78, “bl%gemga R4 or 4B 8RESdnls* Ghitboli RRnERHBEH Mhibl FHré@Eds Biological

in other embodi nents, antibodies of each of Fabs
act1v1t§a?flj@3]_anpgqndu§pﬁsa &gggn h]lqéﬂq:gaa@g oalﬁ:a 9T gafagonist antlbodles substantlally or

completely inhibit the biological activity of the antigen,
An “agonist antibody”, as used herein, is an antibody which mimics at least one of the

functional activities of a polypeptide of interest.

A "disorder” is any condition that would benefit from treatment with an antibody of the
invention. This inclﬁdes chronic and acute disorders or diseases including those pathological
conditions which predispose the mammal to the disorder in question. Non-limiting examples of
disorders to be treated herein include cancer, muscular disorders, ubiquitin-pathway-related genetic

disorders, immune/inflammatory disorders, neurclogical disorders, and other ubiquitin pathway-

related disorders.
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10 through apu2.20 conprise a light chain variable

domai n, wherein the framework sequence conprises at

| east one sequence of SEQ I D NGOs: 130-133 and

896-907, and HVR-L1 is SEQID NO 79, HVRL2 is SEQ ID
woeno7833and Fl VR-L3 sequences are those sequBAtA§2006/062115

specifically enunerated for each Fab in Figures 10,

e e e Bt e GO0 R oo ) GOl ot or
assocﬂ@dTﬁiﬂﬂsonibﬁew%df%bﬁbrﬁlhie:elﬂ pxahﬁmnmk Iseqammt@émwonﬂle icgloliferative
Ieast one sequence of SEQ I1) NOs: 138-141, . and
$$”#$ﬁ$¥¥ H2 and H3 sequences are SEQ ID NO 1, 27, and

53Tu1ﬁcﬁ$’ petdei Wetiv, réfetsond] #8pladtic ¢Sl grpw&ramypmhﬁra@tﬂh evhether

- mahg]%aﬁ?(ggvaﬂng‘e}];l%]ic’dlﬂ%@et ¢ %(gc%%ugs%%géa?&?ﬁﬁ cafs aﬁ%@s@%ﬂ% 4‘% t%rsmsa Bﬁﬁlaer

cancdrdnrsﬁ gl pagi i@ dtive Habsledppgoliftativh ﬂ@@r@ﬂ” mp]ugmgg arg fef mutually
es apu3 0l1-3.11 conprise a heavy chain variable
exclu51 e as RIS V\ﬁ ercin
erein the framework sequence conprises at
I é‘hesterrmsri eansetq@relﬁ @@caﬁuﬂ$E¢TIt®1‘- degpritehe phya@logicgd copdifion in
mamm]alslﬂlat is 1car%/ qa ERs dided %W&oﬁfe@aﬁbﬁ‘ OS&mples of cancer
sequenc I C | y entunerated for each clone OI'
mcludFé)bt gremde |l1gxupdgtg, cgrcugamag]ymmhm@g[e 57H0(glfgl sapnd nPIh—HB(iL%‘l S
lymph: Hgﬁ hﬂiﬁ'ﬁ]at sarc%ﬂla,aﬂhhgﬁgiﬁaof\dow'ﬁlﬂcmﬁ%ﬁl Bs SXQLEN daﬁ&ﬁ; igtlude
chal

n variabl e domai n, wherein the franmework

‘squamgeschak prncercorRBrorls g sancerenpersigH gelL iR @Rt aé?n"@é@?lﬁ of the lung,
_ squa:ml}@:arcﬁr%ﬂia LBthe AR GatdMPoflthe pekidnaid hbpdtcs @RS BELE, asonBEQnal

80, _and 313, res ectivyel Fab a
cancerspwneﬁwwweﬁs glioslasiemaciipidl R SOVHH*‘HFX‘]&%HP‘& %Fefé%l%‘f}ﬁ'er cancer,

hepatoa, }F@&Q&aﬁ&y Qdich BAR&OH R dandrflerkiadridl pridtefik caftfnonigalivary
apu2. 20 conpri se_a ht chain va

et b A N
carcin§B4) WaRGHa 8d (B nPhOYbliferhBd-dlsdwiersoamd vhfilRls biped of hSE@nd ek
NO 79, HVR-L2 is SEQ ID NO 80, and HVR-L3 sequences
CanceI'are Those sequences specifically enunerated for each
Fahe fein Frhgtutaslisbler rdfes td GBescahe tieABysidlngicah eondition in muscle-

enbodi t b
o SRR SRPRLLHER gl Do P PO S R B
smootls RgutErsaeh thampmiag esscatar fusetsn lmﬂimfbfeﬁ@@ecb fEXQ@}eﬂ ¢ muscular

dlsord?rbm%&e ?ut]age?not %ﬁg cglg Rmrlﬁé%lgj_%t ﬂ¥ RO RREE SanffooprfeBatcral

y (clone 48-1)
sclerosi, Frad o sygroie s@ﬁfmenso@m@amefm@ar neriedineEalesss. wommyomma |
Ugho# 8pdd Fmfst 100853 add dhldeR Whiity. -
ﬂMb&) @%%qﬁa%é§n§ﬁ%?&@hroﬁgﬁmapugzg1Fabs apu2. 01 throug
am:zte@o“ubmqmm@ptbwegreaamgewetdwpré@rg Fefgs tpror deshes & gengtically-
based Eﬁ%ﬂ@f #ahRl iR bl &%@'opczon%ﬁfeﬂ td byl B Brdnt RERMRIRK of the

sequence conprises at |east one sequence, of 35 SEO | D
ublqmumthwaEiwlesa)ﬁ abipmyro prEbwayRieg senghdiperdae. ipglude, butare not

hmltecftg %%%?osﬁr EndR3E sgﬁﬁbhﬁ@ GRSLRBR Grdtdmal | y en U ITE rat ed
for "each clone or

17,
i o PR BaT e o SRR sty 5 Eserss o disase o

disordedY 8R LR £AFPHrHRSacho@ ystehat Ma@ils dbl ie typamhi dharacterized by
wherei n the 2007/ 120334PCT/ E%QO /0621

e Y5O S BYUH B GG < SR RBGR oD S8 s e

- ExampRisQf h@r&@cal d{é{ﬁd&éﬁcluad’} Gutkolt hml’rfl:cﬁo,araﬁkoﬂf&eme diseses

0, a ecti:
(mcludé%mbq_t)nq lgumdlt%ﬁavy b?cﬁr s(e?]sg,rpostﬁgﬁogl Istps an : #g%g
Syndro@zfe @aoponakerbiadis: Appid1 Pﬁrhmmmgiﬂm:paazmlapid sﬁab@haﬁuzs‘rggtonicral
rough apu?2 ris r
sesengg o oG i et PRI S bR BB R e
prion dieast (mnneh@ lse godingedof, bSEE spiugdifoen eitdphatbnBhy, agvepie, Creutzieldt-
HVR- Ll is | D
B Y
enunerated for each Fab in Figures 10, 11C, 16B, and
17B. . I'n one enbodi ren?® an antibody of the .
invention is affinity matured to obtain the target
binding affinity desired. In one exanple, an affinity
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3056, and 58. In another exanple, an affinity matured
anti body of the invention which specifically binds to
- 1(63-linked polyubiquitin with high affinity but
binds to 1(48-1inked polyabiquitin with substanti al
WOSHTHa3af fi nity conprises substitution at HYRIHI2006/062115
am no acid positions 95-100, 100a, 100b, and 100c. In
.anot her . exanpl L s L £
L R T
disordes| (irulbdigg) ibttinat Kvhitdd th iCghevar dipaabe SAutsingionis digease, greuronal ceroid-
. -] I | gt i t [
v il ALSADELNLEL S Kb IR 184 o
syndryos Haleonsle® $p@ssyndeae, laferg dBBase, Reipgyndrome, hepatolenticular
degengrgggté 1}%@1?—?4?1? ; 9QJdQﬁ?v&li@ht—Lundbo&&yﬁ&&h@b?&e&ﬁ@{@cﬁﬁm& but
can affinity matured anti body of the invention which
not lingigpd ¢4, Pick 5| disgash japdipinoeerEHanafagieed pol yubi quitin with
hit§B edhd it ati¥naRidf dilrerSadd@inkihdre disBlaed 428 1y besiibd HiBorders
with substantially reduced affinity conprises
causedslpprbexrn oo legic mprhapysma aade begrept Ghioking pigding oExgples of
inflan@R P& 1863 i®rdeIndide] thit ln¥ nbBEnH@ th, ARdinbRLy dighseb e
] i nvention which specifically. bin s“to_K63-I'.nke,dh ..
mmupplogs dsfigieicy S yRaefRes. nd, P@?ISS‘TS%/W’HYT BT RESspee beretn is a non-
malighédBdilchdaho disdridr Yl dOfednh befdtl ddedtbd spuingtad Mdiseduhlys dvedisoes The

caffinjt [ bsti tuti t HVR- H2. am i.d
IRCHYICE e VITIEDE Y YA R

_especidlly @blhdifg ByclMginphch, adite lpashoblftctiduierhiaADL), cumonihiymhhocytic

S. ificall inds t 63- |_i nk | yubi qui ti Lt h.
R e e
discaswd dr dissrdls traindd, altlaye moe bueto affianmatory cepmpsds sud as inflammatory

B

sclerosin rdshaskys assbeitthewithingatingtarydowpldises (wcthsdrghnstdiseare and

. var ) . i1S1.NG: .S 3 :
e e T e
ARDSyrikeiniptitly mehingities ehaspleatitis; omeiis aplitisisdemaulppeghritiscflgige conditions
such a¥ 8zb:APLA LRTRLIY &anhﬁibﬁkgn&ﬁ‘ﬁl}%ﬁﬁ%%f @fccRERI Lionic
- NGs: 79, 80, and 313. |In one enbodi ment, an anti body
inflamgptopyhesnorspe BHEOpelaesisp lnkesste adicaign Jeficivavh g apytal pghrits;
systenRORBlsRnRRIRkEI(SI0E) (helngRg H&!ﬁ@ﬂirﬂfedlﬁE% slﬁe[ﬂ&é, cdfefeous lupus);

i

i
- 281, and 297 and al so_conprises,a light, chain,. .
diabetcs gpeliip (6 91 5@6 hAIPPFLE SiPH IS %ﬂ%ﬁ%@é‘&fﬁ ﬁle%%d‘reﬂ@ﬁéj el

scleros?s% Reﬁﬁﬁd’sﬁd%ﬁr&ﬂég, autbinr@ind g’_fyrcﬁﬁmg CHafTRAbS s ﬂ@rlﬁ)icﬂﬁft; :ﬂb@ﬁy of
the 1 nvention correspon lng ta. arti.cul ar cl one .
enceptpRER o AT SR T ARG S e Ay A asoctured

with a& QR0 dSlkytd hwtrebdRividd metivied b2 cytaitcts EMRF-Hhphegtes Bpallisfound in
211, 14-1

' et forth in Figures 2, .3, 8, 9. 10,..1 7, an _—
wberofJ 5, stdpst R EHEN aRBBYO LTRSS SFOU T Ecnfih hadison’
diseas@miéte_b&d?tlvﬁiﬁn% Rakdcpne ﬁlbfhpédasis;memﬁaewmd f}!’ﬂgm:(ﬁfNﬁ) inflammatory

. artil.cular clone nupoer c [1 SEeS..a. |l C [
asord S o P SaB Ry s rng i ok el Bl o
cryogl@H@niiDorNDpmBOposaine didRid) 2 myetrengevof @E@mﬁmo@mx mediated

. nd.. 3 . . . . . e
en QI ABRBGE DS LR ES b s
Gravesg diverdé; fembet- Edon myasthioesyndfomehreniphigeid bidnys; pemphigus; autoimmune

polyeng&%%%g@égdk&gr’g &seﬁseg%ff-ﬁlﬁﬁ' L}fi‘lﬁroﬁlle ORB A URDSRL o & Ris;

) chalin varia ondi n conprising an HVR-Hl,
immunielyRupipx, nephidtisHgR nephrapsive e p@ynegiepathiey formyng tppgbpegigpenic

purpurg(ITﬁ)v 01'§utoi%mul19tln&1]rboc}tﬂpe]3¥a’, et@.nd 22 for_ that cl one
nunber and al so conprises a |ight chain 25 variable .

drrsinis e bimpringloag defivi YR roRsT g Hice DY Aregedpitsdigpataxia
telangidRasiatBuld e hdhc SENNERERScy @5, 1 NehenBOdysgdnafbbulinemia, HIV

HVR- L3 sequence as set forth in Figures 10, 11, 16,

and 17 for that clone nunber. . I n one aspect,

the invention provides an:?ntibody that conpetes with

any of the above-nentioned anti bodies for binding to

pol yubiquitin. In one aspect, the invention provides
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forth below. Generation of anti-polyubiquitin

anti bodi es using a phage display library 15A variety

of nmethods are known in the art for generating phage

display libraries fromwhich an anti body of interest :
" woean7/bezabt ai ned. One net hod of generating antGHB0RL062115

of interest is through the use of a phage ant i body

library as described i Blol . ‘
or dSl’ﬂ(IEtm)’E)lSy m@gfmng)cowgv%gle 1n1mun0de€n:ﬁeénb% ﬁ%vere 1‘[11})/1?%(? qui tin

immurdidficRagl, ﬁl&c&fytetﬂaeteﬂld\dadi&jsﬁmm@aigainmagﬁahj&nbyia U¥Gpggee syndrome,
and ngﬂr{ﬁb al o{;’zlp ﬁ]@g ! ar eg ﬁféﬁy%grgé:ngi%e?y Igl ud S?ﬂﬁm@%& Iﬁm’sed to,

fred
allergi@CAsthviial dieﬁixt&atgis,l’hlm,l angphplagis, W@d?ﬂ’ﬁtm@me amttihb)mbgcy@fmgm@gnpura
are sel ecle reenin I 1
oRSES PSR by Foar onuey Bl PLA b Pl

course\bﬁihb alalvedunlag chhbe@l@\n)ea&ﬂll.s%e@lce{u@e phrigactater fp]‘rmp;é]iyi;ms or during
hage | i brap

B

recurrﬁmfelssasﬁ,gﬂlﬁvatfon agmt@sc@pmh@e@fof myrﬁyqe@fgr indirgcppathological

consquenﬁgs o%ghe ép ﬁpésg ?Hq?‘%é&ﬁgjgg ﬁlﬁ&ﬂl}ﬁﬁl(ﬁrﬁhd/ &%s@)’é@éaﬁ BiSage,

rate Ing.clones in the library,
decreadiethbiarctifidigeast mer@ssannean@fthéwﬂ@} erpaia goihe H@e"éﬁ tptg@Rd
e, PR MnbSHEhtd ¥ntBddlkd drnRahvetiydmlatssusaf to delay
remlss{%ggr&% gglfogﬁotgilgonnlsél ution. Any E) t he
develoalnentﬂmﬂlwtﬂ Qﬁdlst)lidﬁ anti bodi es of the invention can be

OR}, 3 BS Y is 465 Rdd) Un Bersiitl dndtldliBheARthO@RtelS Rt RAThaNGnal.
procedure to select for the EI?EF e cl o&e of i.nt

r
Mannils| O B4FS EOTERICH . FOR SDIPR () 15 PU g anibas P (such s

cats, d@ggt dria RO gtk inﬂceﬁdﬁﬁ 0] qiﬁ cé‘r{aﬁ}ﬁ?ﬂjd&jmaﬂs ttlife«/f:’r_t&/brate is 2 human.
one of .l nter

uences from the
SOV PEBH s aPEPien ¢ R BT CRd) TSN £ B B 0] P iudiog

humanKABAbstR indarm SEAUEME S00) Epob, 0 pétRsimaS, suras rqlogsog)rmlcats COWS,

Inter est Fifth Edition, NM 30Publication 91-3242,
etc. g ERRPIRRTIL §8 IFPLF 854l 3 The anti gen- bi ndi ng .

d@ﬁﬂéﬂkc@sfe agfdu@Nidfdoid yin hsod efietvd, polvsagerand &ripertylde of tifje necessary,

ons, ofthabout 110 mno.. Ci ds, one each fromthe

to a"h‘f"fe § depRAY) PFREU Y °§\9r°pt‘3@?—f) charns, that both present

t hr“ﬂﬁrabymemyafﬂeabrle embvmﬁpd a@ubstance/molecule of the invention may vary according

DAL 52 9 0Bk ARRShd abinatire

to faa%%#‘ gﬁgglﬁeak%e Q{%}g%%‘fe égd(#weﬁ%h?lgona I'y- on” phage, Brene
sabstaﬁjehﬂwﬂtu]a,sto sligigl @sxeddaq:sno@v in( thefnyiyidpla grthsrepsuticlly offspiiyg amount is
also o%el Iﬂ%‘l yt]iy t§£l orgé G e B Frd o olf Jrh@ k@ftah G 0Ie AreRBFelghed by the

or as Fab fragments, in which the

| fhmpamealkévchﬁﬁbu’&fﬂwfﬁoAéP@B‘vﬁ%Cﬁ?ﬂnyéff?ﬁﬁll‘“ha%%ﬁt efers fgppamount effective, at

ges an e actlresuANDypically bu
cons PS5 LR AR g BBt s

06/ 062115 1 b
necessAd$, sitG5 2 popldictic dese isser HERET PrgtioyT BiasHl lﬁémﬁﬁ‘é‘éé‘ease the
prophﬁi ? g’gglvg 9190@999&1&1 Bgle&r{ﬂﬁﬂhé}dh&&%ﬁu@ﬂ? eﬁ@h'lzmtohﬂtﬂ y

to as e clones" or
R@b@p{n@ qvtedoxigragent| asd]ﬁ‘aHVEEIIgT@FFé%tO & gm)sﬁgccgléab 51:11 E{t%?r)prcvents the
fimctidnl 2 @&Q aRY oRRhYIBLASRIoR BBdells. MBRGrnANin{chEaR)o amldde radloactzve

reconbined,yapdonly ig phage lsbrapi es. which
isotoptshiep., heplség{, r%) antg geﬁmbﬁfﬁh ng 5dPonéed xggloacnve isotopes

bed i.n Wn
of o) 5y et et - erasd Whpog R TR ot
vinblafin®) \thﬂ;@mﬂﬁ),ghxaﬁblbml thsiplzaien) bethws @a@hbf?@lbpm%@@?fcm or other
out the requ aﬁ]é’;% danms:
mterca%“?e B PFTRET VY 3 %%%%n%etg T %’gg?tﬁ %lg Ilrd%telggg be ce:Sone {5 o
toxins Biich\ab dﬁalbmsleo‘mgd texigourreney naficdily getive sarits wHbACEEalt fngel Ri2glenr.
E@t or@diicancer
animaf TE P oot R0 B Bk ARG QRRSMIAY 28
J, 12: 725-734 (1993). Finally, naive libraries can
al so be made 10synthetically by cloning the
unrearranged V-gene segmenfs fromstemcells, and
using PCR prinmers containing random sequence to
encode the highly variable CDR3 regions and to
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human pol yubi quifin clones is obtained by generating
an anti-human pol yubi quitin antibody response in
transgenic mce carrying a finctional human
i m nunogl obulin gene array (and lacking a f-unctional
wemdogesus anti body production systen) such ¥ qqggszousm«szna
polyubqu|t|n i muni zation gives rise to B cells
o h QdicE5. ALAHLE bel! X 4Rh A idal ddent ThiRes
ae““@@%%* Q%ﬁ %ﬁg(ﬁﬂgﬁagﬁ?# ody- produci ng 30t ransgeni c
destruntior ef tingordbeBcr i bed in Section (111)(b) bel ow
Agdrjzl‘te%g@l@rja%ﬁ%ﬁg Jabg% r]atchglﬂiﬁal%ﬂﬂ‘rboun@ﬁéeﬁﬁ’ B 18&HrdakrRent of cancer.

reactive c ati1ons can be obtai ned by ui 09,8 4N
Exampi |0fdbmethg@we@ém¢gqg¢8 clvdesliolaing geots gpokias taotgapd CYTOXAN®
cycles@%%{fh%ﬁ%i% r@gﬁ’@lﬁﬂh@és‘%ﬂéﬂa’s BasS AL iohrGouTRIHAN BipEsdRY ﬁﬁndmes such as

separatlon vvlth ngl?ﬁ N
benzodapd, F?TbQQ}lO@hmeﬁ#ﬁtiﬁljr AP MEPdeN SeMEIBr TR 8 Eﬂ‘?bés ncluding
altretaxil Ik Q% M RELE AR, %&ﬂe&@ﬁdéb@rﬁﬂﬂ& h&ﬂﬁjﬂ&ﬂcﬂl\i@dosbymamﬁe and

ow-activated cel | sortr CHQ% 35Al t? ‘{ﬁ lr‘)vel Y,
tmetmb@nwée@% 2GS RERF (Eserpaly ik fwn wafagmgpel fefis?- pRis
tetrahylifoS4hn &gl m:mabiﬁdﬂzmmz@op@) HeaVigelons; lpato&colchicines; betulinic

- ‘representation of t bl t
wid: S5 GRER GERHE e D ASISTE PR B S TR B G T
(irinoischrd) mwmm@)mytymnmdhe@ stvpolein, moH- altmummlptetpem),es

bryost%lgr %iﬁ?ﬂ%&‘ ¥€ ﬁgg 2(171{% 0334 PdCT eé%el:Lgtl:Snz Q%%eéeg%?aé&élzelesm synthetic
analoghd¥g; Po@PhvalotoR: pdﬁoyﬁyﬁlﬁﬂb @Iﬂt tebm@,ldegemﬁomﬁm erticilerly, cryptophycin

e SR L2 R SETMAIE SHRLES i Py 0 s

CB1 Mg;mmtlﬁmb'ﬁh@nmmmme a:aetdoétctmﬁl $pongyieting m@agﬁﬂmélsfards such as

chlormﬂm i Oﬁ%la Lol %h?l%ﬁl}ogﬁlﬁmﬂlf cﬁ'ﬁlérﬁqﬁhne:‘ ?ﬁsgdnﬁgea rxf%%'}g&eﬁﬁnme

mechldrehdnrins om@rhwdmdllorbbwﬁﬁlalaecﬂﬂv%bmlﬁm ahaitepegpeimustine, 7

trofosf?lgldg uracﬂ mustalu Jcr%u%asaéﬁhlgas%ﬁlgghﬁkgc@&&oméﬂry fo‘t’eﬁﬁﬂs@ﬁ' KBmustine,
segnent s’ uding VH and VL segnents) ?

nunusm,c%md eansdlusmr@mmh@ﬁ@éll‘rhsas e epprigr @gifbi ]ﬁ%l(ea%p‘la ighegicin,

especul].ﬁ chy ‘ﬁeaﬁlﬁaﬁ Qﬁmﬁl@ ahd @NEHREmMinlonRBal 1 Wee, 921 @ ghdvl ICaEh QﬁL Ed.
esired can be qgbtai ned by isolati.n
Bl BRASOASGASGD)Y RORTIEPnRBEE Berti SO AePLgs
neocaI%H&'taﬁn LEBmbpHRFE dnl tdmtedMhtdinapfdidie é@d@m dﬁhbb’i@lctchﬁmﬁphmﬁ
ends of rearranged 10VH. an&e enes as descrﬂ)lg@d
b

sclcioRy Ry aifiapmysHin, gpthralpgip, e7asgyne > OB |
carmir3Span, %&%Fﬂoﬁhll%ﬁ %Iombﬁﬁﬁﬁ@ﬁaﬂﬁ%ftgn, dammb&nﬁ/d@cunlacm 6-diazo-5-

oxXo- Ltae ?1{;1%1? USSR or(EIBe @Qog?sfﬁlglglgﬁmcﬁgm%ﬁ%pﬁ(ﬁmt) %lggon?lﬁcm,
cyanorﬁ&rbl[&]h&d@lor%bh};ﬁa, 2- pyﬂgldloafox(ﬁrhmmﬂnmhdeexmbmruigcm)h epimbiciny e
(0] an r war rners pa
csombfplrg@gﬁlgﬁ{n, lggrca QY PR IIOmY LIS S cgi ﬁglgl’i{o yctnbb ﬁ%g@senohc éi{:ld,
nogala)ﬁ@&d (ﬂ?ik/(l)rﬁj%:mns ﬂ‘d@tomyem, @ﬂomﬁﬁﬂpﬁ@@y@@g@@)wmyq;g{mg}bmm
| r

s TR T, Dl R SO 5
methomdxate BhdS-Gadrowbeil (59:[; )BBli@Bidanslogyes sugh s depPRIRITd DEHPIHERS

e 5 A fpried,
pterop%g{m etrexaetwgﬁﬁ % a! s%%%z%&luﬁ%rg%f@% ol gt7glﬁ1n§ Ypri
ﬂlloméﬂ%@nmiﬁoe armjoicsiugh awn:@bewr dﬂrey6 a%rég@ﬂ% F%’s‘?f”&a?ﬁtmbme

X c SarRfogR $6dhi b esludtdione,

s IR e PR gtdesio
dromogtenolai nroewb%i@henﬂﬁﬁit@ol Fﬁ@thﬁtﬁeéF§?01ﬁﬁt%ra§F‘T yiirqnals such as

ammogmt)éfhﬂﬁléce q}]@%né‘ $ii10GanE AR P dRpIEnit 1RF GER ﬁlerleﬁmaﬁdjhceolatonc 7
V- gene F%lnordertoa I|f aIIavall%I

b
aldomaﬁmdvglyms rrgepRlevulinip pad eaumpoil ppRRcTne RN E‘é‘F P“mﬁ’“‘*

edaﬁ‘afh%c lighGmdfe! cﬂ:m%@dﬁ:ﬁl@ dla@iqﬂmeﬁe?kfoﬂﬂﬁiﬁl% iehipéniinh atdige; - tjuatgllone;
Marks et al., J. Mt Biol, 222: 581-597 (1991) or
as descri-bed |n the nethod_of Orumet alL, Nucleic
Acids Res., 21: 4491-4498 11993). For cloning of the
anplified DNA i nto expression vectors, rare
restriction sites can be introduced within the PCR
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S5vectors reconbined in vitro; e.g., ‘as described in
Hogrefe et alL, Gene, 128: 119-126 (1993), or in vivo
by conbi natorial infection, e.g., the | oxP system
descri bed in Waterhouse et al., NucL Acids Res.
 WEREH12TB6 (1993). The in vivo reconbination P%?%?ﬁ?ﬁtmﬂs
- exploits the two-chain nature of Fab fragments to
etoolu(g er 9 neﬂlﬁt%%]e l Ogﬁ’i‘ﬁe%?q%lﬁ%& ﬁ)%d?l\?}iél%,@lﬁi}%ﬁﬁﬁ& sgéﬁ a’s:-ma%sﬁne and _
samitc&ﬁﬂ,’(ﬂlmgﬂmn@ métogdnomed m@elpan@d glitgperinghpeniopfpign; ghenamet;
geraid an C ool %ﬁ@ﬁﬁ) Sk Rride dnpTheHs
piraru %ﬂ ?mﬁr§F$%sea?ﬁy é% *R% Pheie ok A

i ned age |nfect|on of,

Naturap Pagens, Bagson OR); nmga@a@tzemw@ﬁrammwg@m%%tevﬂuazomc acid;

t[‘laZqu.cl:O%Q,:: 265 Bs glghlglloFrI ﬁ‘%’ﬁlﬂ’tllh Cﬁlﬁpétﬁ@tzﬂeg Qes@&?ﬁllﬁr e thiiBafdusih ACroridin

it e nunb of cells present (about

A and L@URlrc); oTrde;, Viiglotine GEBIGNE S BRDES N dagigne mamomsine;

mitobrbiifol ol i oﬁjoﬁgr@ lg§cy§:@mta Nadbidobi8e VMkkaangl iMbiegie BRSIdAER.,
reconbl ne to a single replicon and are co- %ﬁged

TAXQIﬁtt@clpmg@mtowfdPrs SquppaQReoingld o eima Ny S’SAW@%

Cremok;liﬂf& e, &l &heBcrdd I\lﬁlﬁﬁa@h@fﬂﬁ)hﬂﬁﬂioﬁ 8f @f:ht:@&!)@i\n&ﬁ‘lf:aml ty

ab t 104 . At
Prasiongini Bhines. hyEe | LgOORLEAT B hipe g Rorr

Anton %@J)K;hﬁ)é&bté@s cQRekihdEE MZ}B%IQEI? bﬂgo@hm&l,.meﬁﬁmﬁpumne
ca Cl
methotae@fémw@amtaaad%eﬁeﬁs 36;915!% b %biaé%‘}e (YPLBAN®); platinum;

_ etoposféi%gw it e fodiiini@; atdssdfont aincristiMQNGRVISBE: oxﬂmﬁﬂ&movovm

e N RS s e P AP AR g

topomilﬁhrzfse ERi bSO TR 2200 e foFonef IaglFanjthine(RME @) rethwids|spchype retinoic acid;

, capecr?%_?l a%%%%%éc\?ﬂlcgiei%%&ﬁb aﬁs c‘?mk%%nyv%%seyg@agﬁt)pdw

above;aR dell Berpmbinatives Dé@.@rdr moreesf ﬂ@fabb‘{eﬁktélds @Eﬁ)@sané’bbre‘f’laﬁon fora
comblﬁgélg_e;@%% yf%ggc%?h (?e do%(tog%kcm W&Asﬂnﬁ%ﬂ%dﬁﬁ&o& 2}91 FOLFOX, an

reenin raries
abbreviginn e a aecoa kagsh@dwﬁgnxahglatmr@w%émwbaebwﬂ% yF U and
anpl e, polyubiquitin can be used to coat the mells
adsorption plates, expressed on host cells aff] &

t alsadwbrdpd indins éﬁﬁm‘@g axgrantrbeEnops agets that agt §9 fﬁ@-‘lat% geduce, block, or

1ﬁh1b1t%9ggffé9t§5ﬁg>xﬂt&epth% daf Jo%ot&ﬁ@é;m o%atnl?er and are often in the form of
ept avi di.n-coat ed E bead S,

systema o oG HDENT SPOEThe 1§ PR ELE 43 b gy s gati-
estroae-:ll_alg %ncpstéﬁgﬁve chiltfetk %Ctﬁ)@d?ﬂto@ﬁlaﬁfsQSEM)aﬁtzlﬁding/\nfdr |§xample tamoxffen
i zed oI birquitin u@?e% cqg mmmﬁ
<mc1u¢mgN@LMPﬁ§®dﬁm%ﬁlf%EXtSTaA@b PE: Gelop Brt'géf .
moxﬁﬂi’%rﬁe‘oﬁk‘e@é Wit o ishehapaksaie e FAREBT(DR@H()temi&'d‘me anti-progesteroncs;

leucov0¥1n

- estro ggr;g%l@{olat?qr}?lbﬁlﬁ-ﬁ%o% %Léi{]]?si) =pt("|§|f’1§§ @gﬁ?cgg% gggﬁ)éeswr shut down the ovaries, |

for extﬁlliﬁfos icliRGihe atrmaﬁmtetmgwma'mmﬂg Enisio okl at bUltIh(eN® and
pha e was and .t he

ted
PLIG RSB e Brot it i HoBa b ey Ao o oy Pt e -
androg26d sublSA, flubBiide! &TLSmﬁﬁSﬂld(bitﬁﬁﬂa)mldﬂ; anctnyo@tasainﬂnbngs glat inkgbit the

enzymg %%J%%agee gflhmg %/-e’\ég%ﬁfl e %ro 6611 I{rod]uctl%{)tﬁ thg ﬁ@r(%%a%%%ﬁgtslm%ﬁ% ‘ i%?&ample
4(5)- nhﬁa@lep,raaﬁﬁgmneenmdm mema@m@emt degletn, ARPMYEEIND e?ﬁfmestane
formeitzf)éeg %%roz%}ﬁ,ag ST n r‘tejzogémf gﬁ%&ﬂﬁ[iﬁ letrg%geom?%?(IQ;ﬁ%E}é@ anastrozole.
In addﬁtoﬁ,gshﬁl dediniticn of chgredtbertiicotc 2gkbip @gkuéqs bisphpsphopgiessheips clodronate
(for e eﬁgﬁgé‘lﬁ of %@j‘ DRBROEAL A cifihd:lnNg- 206k, ZOMETA®

founds of selection, 35T
zo:edrem acnd/mh@yon@k, e&mw@rﬁlmwm&w%}? r%KELID@
tﬂudrongtg | ol‘t' gtd:f%t\ﬁ?g% Vﬁe%ﬁé’t@ Ss Q1 &l B3 RGhehd @N, 3 doRGe nucleoside cytosine
ther nmultiple antibody fragnents on a
S|ngle phage can sinultaneously engage wth antigen.
Antibodies with fast di ssodfation kinetics (and weak
bi nding affinities) can be WO
2007/ 120334PCT/ 1152006/ 062115 ret ai ned by use of
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- clones correspondi ng to such anti-pol yubiquitin
anti bodi es can be selected by (1) isolating
anti pol yubi qui tin clones froma phage library as
described in Section B(1)(2) above, and opti
WORAHY2P3# ng the isol ated popul ation of phage gffgdsz%sgmus
grow ng up the population in a suitable 25bacteri al

analo v)h Qﬁﬁensé &)ﬁoﬁﬁle@ﬁ&eb rﬁ@m@ﬂhﬂﬁﬂtﬁbsﬁ hat inRiba BLhr@sieeefpacks in signaling

g tein agalnst whi ch_ bl ocki 3nd n%g p &%ﬁha £ HRas, and
pathwaatmnpwatwyl n ‘F@Q»Iﬂ’ét@f’lll prefifpratipy S?Pélgf A )i or P Ifl 2
epzden@iq MhiowROhMMREG ME@Fm)a%czﬁd:sQﬂ@ﬁas HHERWT@BE@I@@@G and gene

polyubi quitin; - co
thefapymﬂ@ﬁﬂlé’is rfor cgarapl Ert‘“éﬂ% F?‘é‘ﬁcﬁﬁzvgén#% o %%n‘(%\m@
vaccmep QUR‘E*@I’EQAN@%MSB&EIBQ: 1oﬁehlemn mmRELm mmb\v@nﬂualpdamsylate (an -

hared w t he Dbi
EbB-2gad BT Broparire it Tl et T LIRSl g p016; and
pharma QMBI 2A@ 5510 eks faoikds avderigatistsap 333)0((1?4})@ ab@yt i onal | vy,
clones with the desired bl ocki ng/ non- bl ocki ng
properties can be further enriched by repeating the

(kmwﬁﬁwﬁnmuﬂnﬂnﬂ@@@“MWQSQGescr|bed herein one or nore
[ Fh\?é? Fﬁs?nb Hlv?nstlon groaﬁf:s 2 gﬂ) %?bxﬁ& e&_{‘ Qg ® }Q}i Bl%tm but got 0

P&orat ed and sequenced usi ng
monou'ﬁl@tﬁtﬁﬁ nibe Islaimfpallyc a{ﬂl{bp@§ tha axg. ca@};le@g}nﬁ@ng specifically to'a
onucl eot i ¢ B95HARE Holl BigReGofnpSadd d/second,
P@Wmﬁmﬁgc?“‘Fﬁﬁ he y&%gggglght cha?%§§%d|ng regi ons of
differemtﬂyamedsﬂcagemmprm@m doma or phage DNA tenplate). Once

Voo 3RloRS Jisgéfl%% ih ﬁﬂ%‘ﬁ&@ aR SntBbACRpH OGN -E13 St ofivh comprising

hen transfected i e
the scqpanghoTas I OBTITEERAPINGS: &7 r$I CHE: sk 33%2?%%@&9 336, 392-
459, sﬁ%%%@ﬁ 76¥ 359745 kD 786 8bd. Sin 0QE asgmltwmveﬁedﬂ Hovideatn stoibody -

erwi se roduce I Mmun
compriig aITNREIo8 o OGS S1SeTRG= e T RSB Oy 240 20
337, 4 4680636 1?0%%%@@6@3%%@&9&2,%%@@%% af tmtibhchf comprising a

r econbi nant  host cells, Review )
HVR- I—}Qerég%qzqwm%% Isg:%lgr}cs Hf "ftﬁeaﬁ)té’é‘f 8 d ﬁiﬁés 9 51, 91-99,177-201, 241

251, 28005 3edyae aspmmgs 1D0A, 170@@11@750815@,@@8(&81&: Tn o@g pspect, the

Cplnlon i'n | muno SE
mventippFIHEES E’-Peé{%")dﬁ_‘éﬁlpnilgﬁa E—]%@SI%? fe or%%{g%s dé (ﬂf&h& s@l\:’@wd from SEQ
ID NO§ 508, 20b, Ash2obBi6 DALY, 196, @d bl riedanSPq@’f Véfwdw?ﬂﬂon :

providesan W%@&?%%@ﬁﬁgge ggl E nsg g%ﬁ%ymﬁlﬂg%e%@ﬁi{eﬁe of ﬁtQQIEt one of SEQ

riat
ID NOS squenmesozans e, 051 &631:1%%17 31rlo$ﬁ7@6 3087, 463- 6%3u61r7a')'26t’@1“770

and 8 I%g@n (}g oﬁena%]?]c{cg g]n Anyeht IHJ)\JldBQ bn %Bdﬂombﬁﬁﬂ;t JH‘hﬁ-@i@)&e gion

appreci ated_t
consen@B R&fuaE Sﬂw@ﬁdm $8Q ghiﬂois s7c$t W’ez%ga 4b%12u%5éd55180§‘94t 7771, and
go4 PUrpoOse, including 19gG IgM 1gA 19D and IgE
" constant regions, and that such constant %ég ons can
bl cobbspeateh ihyastivenyvikesra Anhody FARIPERInG p HYRAL! reglopgomprising

o £l 2a5-280, 2B 837, 392-
the scqaéngggﬁa(#fc%t%ﬁéj f*s'E‘éjJﬂrl?taNg@s g%ggggéiﬁ iﬁgpﬂ %ﬁ% 08

460, 59691 6T05.59 310, BN BHSCR 96 REF AR08 b age I srapge of o

least o&eodi'sﬁ Hegventef 91-16@n77-hyhnidis?, £31-196 Blgn@ 4aBAWY 631-662,
ain and/or |ight chain is i-ncl uded

706-7 1@3}5,(%?@,, ¢ S8 12¢ [ PRSAFREEt, thy anvmﬁ% Ipfoaa,desaantan ij compnsmg a
HVR—PFﬁl%QiOH B Ring kiR seft@ncnid aidba3Batie of &E(EY/D Bose26d 8t weql 176, 229-

T s

compn b the QEqubide bF @ lleaki@ng bhSE@EY WOaNG 8¢ 101r1ght20@~ﬁ&8 Ag3- -264, 297-312,

5] an
347-353 a§35r65§?n6:§|§ %gtg ﬁ’? ﬁ %ﬂ; 2?1“ @d %ySIQ%bX eIa ecﬁrlcg%sg&g?f& 1ﬁv%hﬁ(theﬂ’rov1des

antibodyl mbrisif 2 EVRH2 :6i6n tenpiBinkik)sequsure oftfléani ang of SE({ ID NO: 27-52,
mat uration can also be mmcked in vitro by
constructing and resel ectigg fromsecondary libraries
as described in Wnter et at (1994), supra. For
exanpl e, nmutation can be introduced at randomin
V|tro by u3|ng error-prone polynerase (reported in
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General Methods 5In general, the invention provides
~anti-pol yubiquitin anti bodies that are useful for

treatment of pol yubi quki n-nedi ated di sorders in which

a partial or total blockade of one or nore -
woOodoyamizgui tin activities is desired. In one PCI/US2006/062113

enbodi ment, the anti-polyubiquitin antibodies of the

invention are used to tre ce
51-108 R GAPREC 2, H SR E B T H 2T B GgeD, nd BOT812, and
an va@yfed@ﬁi OB RInG tiRNs8qudSR Af fitGeattionabf sm;smmmf 58H78,d0dHe £ & 203-228,

2558 e IR SR b e BB AL e herar

alforldS§fdct! Be infveRion pRuIde) @ghidimtly ehngmsﬂg g §VRsLictagias comprising

t hose,i dlcate n e
the S SEUIFRG 0 T LD P BGT Bl B 01 ed RePa e ol one sspec
the ines@a ph@videk aaﬁntxgaiyebmpnmgsﬂﬁ%lbm Iregicaurvotsassns @nmmh afrbm:d from

seonly° B SPER S oM Sl e o

compriﬂ;moqt]iﬁfipf;ﬁ)pbgfohlcemprn}singtﬂlfﬁ@emmeOfﬁgﬂlgngqxqgf@iQ]ID NOs: 313-328, 356-

364, 7?2{15 I7Z§ 7%1 a¥(p Elrtiug\éﬁlﬁé#s a%?o&e & Fﬁ“ﬁ( 'Eﬁlﬁlr BRI

USG I ngul s et ween | f eren
Sequeﬂcysalmedlfnom@ﬂl YUK 166, Pk LB i 201240265 280 BPF ¥y 392-460,

599. 63?)3/ éés%‘s Wb h}%'t b $§9%4cko] @}@N@Q%%ﬁsﬁ”ﬁ)oaﬂ@ 28X Qﬁmsz\/ 831-296,

I'C’ mani p Tafion i cal  net hods such
338- 34@@@ 5329&65&1'66&@1063716 ‘Wé?@mﬂdﬁﬁﬁﬁ% BAREQ IQ]NQFrt5?’ﬂ§d]i0éS”0 203~

228, 2?’5 Lodahgosl 3!1‘1%‘7'3‘3? 58880 G H5Rd7 170726 e 361 @hd §18-9288espectively.
nction(s) ‘activities of specific lysine-1]jnked

p bl apg BpQeEti he ppgerg@p groylﬁes\ppta}aqpogy]aorqlg@swg @tdeast—ml% at least two, at least
ﬂum:&ﬁ&&mﬂgk%HﬁhﬁHh&‘n anti bodi es of the invention can

al so be used to detern ne the rol e of
(F)ys i2p EIVR-Hik stveRst GRmiTiine 1 1FRst 915 Seqyency Qgg'f(gm{?f Uggg81-90,
‘pat hagenesbsraf, 265-50a$e-337 882260, 599-p31, ymoqmmwm and 789-800;

anti bodi es of - the invention can furthe
r 48 PTG BB SR T G BB AE S SR L NOF 2732, 91-100

| ysiing2b1, nkedspobyrds 3paido s 1 4% sabemr a0t 11y, ’rsegﬂo abd801-812;

.Qr aberrantly functionin hout inte i i )
he SREMEETL sdhurir EoPgriaaal LTS opkRe S5 ol spitg, 10110,
ant izopabs;ab3-o6u, E9m31an347m§d; 68- 598 &610%4, Feth7f 16d-77RBhh813-824;

.anot h ect, the ant
(Phe P SOIRER ERncr iPtht pUICLAR AL Br 21 Q01 3. 935, 55c-
. and 3i64,0R&7B®AndT72gBLy ubi qui tin of specific lysine
I k Al
BB B S S Rl LR G i
polyubmtmmﬁhrmgh afﬁmtyfbupbm@sd{m djirked nelyubiquitip yith ﬁ@btanﬂally reduced.
affinit) ?:fl 591% t Rl bl &Q%m RORY L Rgs om%aenor fk ?ou@w&gv en
¢ & P*sor ng based on’the presence or
afibu nt argHl VR 1 lysadpicaes comprisigOat fpasf epe mwf Sg@ﬂ@é\{Os 1Re 151-

preseni,santd Z%Q%%b%g@g}]@ntl bodi es are useful for
t he devel opnent™ of pol yubi quitin antagoni Sts Wit

b{idcki q:;gH}ﬁEtHjZ\,qeq%an{n@flﬁg at logit|o8g seAr eI SEQIP I{CﬁeZ? -52, 177-

subj eciprant i R@di@ss20fanl hgs-y1BVeEnt i on. For exanpl e,
anti - K48211 nked polyub|QU|t|n ant i bodi es

t
" filent FOAVR A 56 0SS A9 TP RER! RSO eapIcs ¢S 1153"%% 78, 203-

ant i bOﬁzse@ih@tsjo@% shb @158 panki( 48- 1 i nked
pol yubi qui tin bi ndi n charac% eristics an

c@]@am P VB SPIBREGER TR g kA PGS gRence 0 4686 1D NOs: 313-328 and
pol yubyxguisgi n- nedlated pat hways. 358|n1IarIy

anti-K63-Iinked pol ui ti.n.antj bodi
v e Lon o n bt e g R ) VB e
polyubﬂflﬁﬂnbﬂdzl 18 dfhdty Huamedstm lﬁxaétEpo];(uBi&uitm ki dubs’ran‘ually reduced

afﬁm‘qp 816 bing 1%'%5? 81?:' %ﬁ ?%@%%\e%é %rt alllgsur%?ﬁil/ ?orllowmg

pol yubi qui tin- nedlated pathmays WO
- 2007/ 120334PCT/ US2006/ 062135 As a further exanple,
~anti-polyubiquitin anti bodi es of the invention can be
used to identify other anti-polyubiquitin antibodies
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thus anti-K48-1inked pol yubi quitin anti bodi es may be
used in screens to identify small nolecule
ant agoni sts of K48-1inked pol yubi quitin-nedi at ed
targeted proteasonal degradation by conparin

WOR80W NP3y of one or nore potential snall é’%ﬁ%‘io%mms
antagonl sts to the activity of the anti -K48 I i nked

d Xﬁjﬁ’vﬁ%f ée@l ﬁé‘%doﬁﬁﬁéﬁﬁm neastBH@Jeq&ﬂéJmm IBINGs: 81-biy 229-240,

n anot | i nked pol yubiquitin is
15kw7ti99tﬁé047r$\9ﬂ4%éﬂd7sﬁw repair (see, e.g.,

i) S B hprilh & leaPRhdlseqidiedds SBQAD. NG 95616 241-
16 20 zz(s and thus the actl ity of anti-K63-Iinked

~ pol 92%B 3 10621 BOdPeand ¥ lzfitagoni ze a DNA repair
ipat WRWS@Q&H@&HEB@E@EU 4t Qeadtloge @Glidnyd d\SEQFIDOWEs: 0F1- 110 253-
otential snall I nt agoni sts of
K632¢‘{Jﬁ1<7e%§5p‘§ﬁ3gﬁ?61 Gl ﬁn‘fﬁ%egﬁg same DNA repair
vpat BaYR-13i sBideddd cpmpiidingiun Dhd efic eyang of SEREB-NOsi 3oeid4 and
pokiub uitinis known to be involved in formation of

Le tes in Parkinson's disease (see, noe.g., Lim
ethe@hino adid s&kﬁﬂﬁc@§ﬁﬂ SEQQJB@&)S 12000-196{12005)-$64, 3Wd782hang 789-

| t he_ ac t nk I u
seariepSeh b ST B, AR DA o>

8,9, LOYRY, 1 sCHNpREaill, thetnhmbamg baiing gonsifterd meth g I‘%ﬁbﬂtémmbem“ system
as des%leﬁd)e;)ﬁcq%vg{%x i?}}rer%lmlbﬂdl }1{1 a%nl?oﬁ% Ein\?’%rﬁloﬁ) Eonlﬁﬁéesl an K@ﬂ&hree orall

gonl Zl or mat 1 on_of

‘of the HOR] be@@ences of (i)- (w) Bove pat ok Lo fanfb’ oirTEl Rrhe eomapfising 3 diapd consensus

Vs lls in the art,
Sequenf‘%g Ig‘ugEﬁ?S;g% gﬁ‘é %eﬁg%grnl(aﬁggqﬁ%r%g?)n such as the
Hiy ond ad:pﬂma thegmivntiopuEo vt anfibodienioRgTigng brngeheli T} srgugoes as
i I | @ 22-”]1@&% J¥BbMadst, @ tibodies
depmeduﬁg é"’?%%% gﬁggqif 14,13 ﬁsckﬂt Bri efl i; E”E)‘E
further aertprisp bgly ahAinkIVR; anvamw wolepietsd BxFigpes Pnlleht can be
ngde Dy sk ﬁgoﬁaﬁﬁﬂpddﬁ@topﬂlb Bvedtiol EaigrB&a hgn sefeenaflodomain of
synthetrc antib cl ones wt

e de ac
humaniged €% eiﬂbetdYéM $ rﬁ’éiﬁ%@%”@@na SB‘&%@” trhcisco,
cA, USAQRESreREEd BSh 8. @6k RY. 6307 ee_nanﬂg;epbtag,er Mob iBarli (2604),

cont ai ni ng. phage_t hat _dj 30 various fragments
340(5) 30 73:9% PSOQFHVP m%%P%NPeZ‘%%ﬁ%?%Fv) fused to phage coat
protei mspsuchlmhm@m $cbPrafirSer Lan ger parbmed! Bly Aaf Aig ik vy
chromaf ﬂ@l’:}!sf %har?s%JGlLQ VSR 0AIR I BET TEIGHNE@S Lys

expr. eSSI N capa 1941 t‘}ethO

desi r o ﬁb(tLb’ﬁfé‘h ]aftH%B‘rIE?eTéF i—%—@%‘—é—ﬁgﬂg‘fg—h—aﬁéj ¥

separ adceshePhosa Glysenon bir 0t TrgAl PoeiBs Liuilh HeSet SebkenGn

The bi nck09.,ShR0ESnRTE LNSRGEIGH Al Tlri0i L e BNk BRLY
er _enri ched

Ot o cin Gl e B kA GBI ot SiEesR

antl - pRbyidiqui tin antibodi es 350f the invention can
btal ne R8T SEESRANE NG
o one B IRV BHAING R SR e, scasan
one or fnotel otﬁpm[hdnyZ&; 60.s 5 66,@nd i (Asp.fAMY Thr,é’,lp@,tzﬁg, and His as _
indicat ant, bolﬁﬂaﬁcs LA rtekﬁéc%w) bﬂ%e ShAE A8 kR AnddiRd MM AD4DS-
% uences from t he phage clone of i nt er est_ and
8 sequawie tcmmlnees@@nlgu)amlorrféggS@ﬁn Qqs@})n §%(§lgrexﬁ¢;@§tm% Ser in position
53, Gly @%Z&é&%%%ﬁdﬁ kYSZ g&@t{oﬁl@? 1 A5 cRsay, bR cBodt@abatanet

equences rotei ns of | mmunol ogi cal | nterest,
antibodyi off the lﬁﬁnmqn@ﬁmpwpﬁa bl ichamyarighle §9maim ooprsie e SERTE

de mte(ﬁ?g}g@mw S84 Helot: See al so PCT Pub. W03/ 102157, and
P erences cited therein g '}:‘? Q %%ﬁ Ju—
anti - W&’SQW‘EHTW%WB@&%S?OIS? ‘fI SRVERET BR Hr e

nmonoc | THa# Thr Alys.Gre Berieodis 2 : al hla T%po@né*fﬂltyhe
i nvention are anti body fragmants such as Fab, Fab’
Fab' - SH and F(ab)2 fragnents, and-variations ther eof
of the anti-polyubiquitin %I’]tl bodi es provi ded herein.
These anti body fragnents can be created by

tradi tional neans, such as enzymatic digestion, or
may be generated by reconbi nant techni ques. Such
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expression. DNA encoding the antibody is readily
i sol ated and sequenced usi ng conventi onal procedures
(e.g., by using oligonucleotide probes that are
capabl e of binding specifically to genes encadin
woheswgommd |i ght chains of the antibody) NBn?CW@@?@F@&H”
~are avail able. The choice of 25 vector depends in

t | . 1 sl
. gatr a?l’éo éll% ?ysl}&fc’l;r? E)% Teu Eeg Ilp ?){r léérq&ga S }'bé L(;,‘ o éée? Gly"iﬁ?a €,
or em&w@mfhﬁkﬁﬁéﬁéﬁ@ﬁ@%ﬁﬁ%ﬁﬁﬂmﬁﬁT “??
be appiseih alpde Maatn GONG mwmmmwy

can b ec&‘bg g’ﬁr&% @lusﬂeayg R9 S@SEQ m‘ﬁb%hﬂﬁvﬂt BGaiuch &M

I gA, constant regions, and that such
constam&ﬂmsglons can '‘be obtained from any human or

| Subsﬁh@t@d %ﬁhué RAGk '_gect 113 REARBADRS ARtinddadil @sboldgitaligs above.

aryotic Cell s Vector 0
P Spraicn S A TS A SR %ﬂmrf'%?lé Sitiabe domain scquence,
prowdé?l%ﬁﬁ?lﬁﬁ%@ﬁﬁty of pdih@igaitih Inbﬁﬁylg @fpamhﬁarllysme rhtbkagn iscastapgally

bt ai ned usi ng standard r
1etamc@e’@qr p@@p&f@}nﬁﬁ]ﬂ% prabs r(]i}t{fél %ngtu odies 02 %ﬁglv%xgl%ﬁ @('J]ﬂ#ﬁé a hunéan subgroup
M1 hea\ﬁ&‘ﬂhﬁﬁ RG R dk oFsadibd hqadycep mooim@mhghmgtt oStheng @pfibadics, the

bri.d | Al t
el S S A RS Yook et dpgspan

embodin@613 F SR Sntifoaies podiiami 7 édA, 73T and/or 78 is A. In one embodiment, these

2007/ 120 34P 71152 0 neediang.4 he
*mmbmwﬁP?ﬁ@EFi d@eg%gggﬁ%ggﬁﬁﬂ% ﬁ%ﬁﬁant vect

ER(Emﬁhﬂ amfmme ﬂlicl. satth R Breatisex &Ae%ﬁh@lsﬁéif@'feéﬁw&&g Pat. Nos.
6407418 é{ ol eﬁz’\/a ﬁaeb&%t 0. F}H\glﬁaﬁ%?‘(i(mﬁ@zﬁi(ﬁ 10MasYy. MesmE efBodiment,

nown in the art can be used
these aﬁﬁ!fodfehﬁxrtﬁeu cpoge o hurimex figbigbwn frpmemenk POIRCISSSPRERGCo P O1°
embodgx?e?‘b ﬂg?ep a?xﬁ lrels gtlt)ngp \ég QL i ltlvg defetthe1Rhi th¥in @VR Rguences of

nuc acids to be inserted into t

| SEQ IV BOkOM, 80)d13-308, PersicRBapS. e T72c8t I e 6518041?15%9%?? rgipodies

41943 SORE@LASIn B, IPeUNos. 6,407,213 &
cmmxﬁ%wglme%ﬁ$§%%pmmgﬁhgmgﬁﬁlts functlonn(angﬁ%éfiat on .
5,821,3317.) éix preggiodmeot, thh@tag?ﬂmd@@ @qyg}fﬁ% tReET ompaIn sequenees
huMAE’:Rfs@ s%@&\lﬁ . 9 %&gﬁss:atgdgisﬂﬂqr'zﬁw G&tg@teaanﬁcg ﬁuktmsaﬂmmmsco
CA. Ugsyfalsaldigred e et QTGRS T LA R Sty gl Rt

i on, a sel ection mar ker gene, a pr OITDt er,
(2004)0&0[52@2‘}03 Cn%t) bi ndi ng site (.RBS)., H%n al s SEqusng -Sobil 5‘ \nain,
- hitase einbagiroent, 55 artdody %f&#“dnﬁ’@ﬁ ‘é“f‘i"mg .
whera&Qierﬂ%ﬂll%%ﬂkré&qu@ﬁbgtcs}ﬁﬁ;se@m mu@eqmmmst one of SEQ|IR Nq?s 111-129,
enera asm VECL Or (0] nin re
13810 iteridp. w8 a@pe%egnd\w%ﬁ?ﬁze Haodtlnd %&S@%‘??@S at least one of
SEQ lﬁmat bdlse- 9W| sh-1rhe2host, 265240, F9S3ASVA-460, 5@%3@@5@5 b1, 739-

t h t
T4, b O S0 S T o8h LA Rt G381 8 oo

©750- 7@r £4%a P30l andf3-18, 0V mongﬁpmnbwpﬂl d%él?eéﬂ%ﬁ §39-598, 663-694,

£ on
717- 7%7} Zﬁls?"’gfﬁ:ﬁg 1%@4 bes%eg%%lzz)f&g@e gnboﬁmgﬁtoéd anliSodly ¥PIhe ahvbab,

l'asm d 15derived from an
comprises £1Ribt clapeatidte dopBR3RRereio titcdiame werk AeBicRsA SQJapTisgs the sequence of
1! QWI%»L@ SEQ
at leasta% ? h%é Lflg}\lgﬁn%@élggglg% q%’feg%ﬁ’ ?MO?I%I 8(d9gﬁ)? 1He! BégBence is
ID NC: mn&fm selmbﬂtcs js SFREBRO: §0; anddfby W%tlﬁ\ﬁé%mm'ﬁﬁs Blepgd from at
a gray al so contaln
ey L3I e antogeony, o o0 pop el
usechelybodimenti apraptiliody obbeBMeISAR FEPIERFMERT|C gﬂn gﬁnab e domain,
wheremr%ﬁe d&fnﬂa%ﬁc d%@%h@é RshprideX &MPAsEhe @équ%%m@lm NO&ti1v-629 and 839-

Oor expression of particul ar anti i es
495, aclbSHRIDet TR st er oL HP: b2 el S Beet By e 481
No. 5,648,237. In addition, phage vectors containing
replicon and control sequences that are conpatible
with the host nicroorgani sican be used as
transform ng vectors in connection with these hosts.
For exanpl e, bacteriophage such as AGEM TM -1 | may
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15

transcription and higher yields of expressed target
gene as conpared to the native target pol ypeptide
pronoter. Pronoters suitable for use with prokaryotic
hosts i nclude the PhoA pronoter, the fi- galac
wOeer/128880se pronoter systens, a tryptophan F@ng’%%ém”
pronnter system and hybrid pronoters 5such as the tac

Sn:mlargrr, ing 2L gO(ﬁ{lE?l%Dsn odlé_k&\f\@a\éﬁ b cleD ey 2 %&@Pﬂfﬁ[ﬁ% bk 63-1

UhELTona acteria (such as other

kno
thronghaictleFAlmkpiH phatepBATTbt G181 B @28 BRE D128 S8R 8Py 0! through

3.11 coﬂé%e ab}{w\(é) %?llvgt%b§%gfﬁﬁﬁ CRRrdiame ﬁQﬁ@al?brpbbﬁﬁdHSd'@d}pnses at least one

ey SR P g e
are tho?e@@:b%féﬁceg ?c@iﬁ@anlly'eﬁfme%tedqbr calHLASQ)or €& ih F&QI@S 2693- msmrig and

ers adaptors to. supply an)
22. Tn prembidimientnansintieady ofiibe HVEIEn SEEES 2 gﬁﬂ‘tfﬁ%’n VRIS oD,
whem?ﬁﬁe Bramb@drl QuMct Eun{pn’gésat I8¢ oxdhknante o\f GEQ 0D NOeni3il82and 896-

secretion_signal enc t dire
007, Gk bEAPORS BAFEFS SNFEDoL” Iy PR e i Eab )
smulaﬂISP QSRR Bmbd din Gy @ftiBbdiestol €ach ik ameddy umgye ad ansFabs apu2.01

f th
TR W T T
at 1east\6§§£eQﬁencéF SYSES) 1pmabs: s:mq lwgrmgé 3%edFcard dTVROLR] 15 ISEQriDrH:%s"& HVR-
his inv on, shou 0 h
L2is Sgﬂ&D ﬁ(b (§8 gglk}& DB Lsequanecs arece}h%y ‘sa’eé:lhéh?%s ﬁg%ﬁ%gl%g%tﬁ{nglgtg% ;‘or eac.
FﬂnnEkabﬁ)huSU6BQMH1HFor prokaryotic host cells that do
nOto gnl Zg 0%%1%%\&3“?0 %oﬁ es §§eﬂ%%lﬁﬁs.faf%§d dbfhain,
18 ophHE™ gous Yool ypepti e signal se uence
whereih the Sttls bk Wégpehcl yorgpripesck kpstond &?Q@ngqﬁ |SE§g]a -141, and HVR
HI, H?tsa%lg tsgcglfsn(fe.g Sre Eé@ WQIN% fiﬁmdtﬁercﬂk%l@yq&&ﬁugiﬂ) nﬂnﬂﬁﬂy,

ine pho

atase enicillinase
other ehbatimetia bhtdbodint & W@Jﬂ’@f plands p gFEﬁ‘ghl 48dd %,rcg)ncsLﬁ n)égm%% 51,
Fabs al:lauﬂ By u%ﬁﬁﬁ %biv'g) | BrfBE 2P0 dind8REs@pu3tdNS. 11 comprise a heavy

nvent ron; the si naI sequences used in both cistr EEQID
chain vefisblcdprimwbesip 8¢ f@%y’glﬂfé?ﬁuﬁ‘i‘“é eyt (A PSRRI

NOs: 19§-1 dﬁ%@ﬁ‘{fﬁ G NARROH2, and HVR-HIkcaiatd afe mmqmemds lnecifically
‘produ

ction of "the |nnuno | obul.i t.0 .t he
- enumegatgd dorrepedyelens ot Frbay Flepsss $ 68& 183% %ﬁ?gf $Pm¥mmman

annbod'}QJf ki 11?@%&11"3:@&51@5% L1 eﬁalrn%alﬁle qmmme v.ihlaremplleefﬁeﬁwerk@équence

secretlon S|gna
comprisqs 4t lepsg %saquepqﬁﬂﬁ %g@ F_Eg VX‘r ]:32 d h[h %% %/Jdcc:ih se({;]l{énces are
SEQ IRN®sSHPLE aHEN3, ﬁe@led;ﬁdlym apﬁ(ﬂ&n&h&lalﬂst, @ dtigr pmbodiments, antibodies

of eact&g'%g%: aglrl](ﬂll(%]iouo q%ﬁ?%,laéla ?"l ’tl)sna%u% ]h I\._l.éﬂ %)lx.l.? 26 E%P%ﬁxsﬁght chain

variabl® HémBdin SyheRAO%E ﬁlan@wlo@hmm @mpdsdsmbln@t @ma@qumce of SEQ ID NOs:

_ _134_133%\1{1%%%?‘ 153555&[?% 9gﬁVR A d % d) §@ a%chggg?é Ssgcgmnces are

mowsaﬁ@ﬂﬁhﬂw&ﬁbﬂﬁhﬁﬁmwﬁhﬁb&m@hHﬁpmﬁ@mgﬁg%1@@H§Bzwgg7503
ﬁlggs%lglaodwent an aIltlbO&) d(l)tq}?e 19£enhgr?cdn[f)¥1§é§'é'h9£y Ciih @kisile A8nain,

prdati ust ng expressi.on system in which the
whereifl uarﬁahteﬁbnk\seqwmeucmnpxﬁsem pregige erapeicy Pt e Os: 146-149, and HVR
nent s g%‘bl ab£dnd 5B, MspRfively(cRdgM )Z Sinkifagty, in
HI Hé@a%lsaque’flcegglgrsgtéé d1 rogerl ysgegs\énbced %nil bodggss51
other coboditnent, nvidrdicoof caghuef] I@lqi?ﬁﬁd’@r?a‘@lfoélﬁh &1 Bedeshpi- S Hews

Aot L8R8 Q! %Eﬂﬂdﬂﬁadd ﬁig()ithr ugh 3.11 comprise
Fabs a?u%ﬁl%fn%tﬂl EnafF%%(?%%g? hsa%%r iEibtﬁhe 5 p °

a heavy gl-nrpmmgmlg domain, whereintpeaframe s “ﬁﬂléen?ed;ro nﬁ{ﬁfﬁl ?fé?aﬁtr?éle sequence of
SEQ 1D F\I@QS 14t 1'49 rh%h I—ﬁ/th BNgHR-E3, Qﬂdmﬂs @equﬁhc& ANIRONS s@fnences

: . 5, 840, 523. nts of
specifigeile e@mwdafor el FIOPErﬁftFa’AP% i ?Sng P&n ¢ Bﬁz Ef “‘i}iﬂthl V&

' embodfthedt, bR Butibc @Y offhSBetnME collpHsesa liglrdhaia vadabladbman, a’dledtudhc

nucl’ei ¢ aci'd sequence variants can be created with a
range of WD 2007/ 120334PC%4 US2006/ 062115

transl ational strengths, thereby providing a
conveni ent means by which to adjust this factor for
the desired expression |evel of the specific chain.
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15the yield of the desired anti body products under

various TIR strength conbinations. TIR strengths can

be determ ned by quantifying the expression |evel of

a reporter gene as described in detail in Sinmons et
woe7/10B8¢ Pat. No, 5, 840,523. Based on the PCT/US2006/062115

translational strength conparison, the desired

i ndi vidual TILRs -are sel ect d
fram oW oRHE RGE SATPRED 6&"’@ e PFNET S’ o@@eﬁ?%gﬁ :P ?D-ohhtﬂi A1 LI, L2 and

L3 seql%ﬁéﬁs aF)ERI 1D rhmsstw 6] dnd 354 respdotielsf @b epuf e Stilegy. in other
ven
embodlét}?ats E’&%‘ﬁ)gfeé P{ egch % CE 3356 1@81% %ﬂ%ﬁ%&d@bﬂb@@ﬁ@ﬁﬁéﬁp‘u@m

gatlve or
compnﬁ ﬁi@hmintvhmleodogmm whsein fix Srpbeerk gfquense PURPTISEREE kpst gne

sequcng 0%§E§§Pﬁ?(gsl; HZEI:?] and%ﬁ?Rng isBEQ CIB'IJI() 79Ba0R1hiis ém H) NO: 80,

terobacteri a, Pseu ononhas spec
and H(RRLYsequddcesaer thigpic napeakss S@mlﬁﬁﬁ%m@cfdﬁeﬁﬁ?&?ﬂ? n Flgures 10, 11€,
16B, m§ﬁ7§at'a mar cescans, Kl ebsiella, Proteus, Shlgella
i'Zobi a, V'treOSC|IIa or Paracoccus. In. o

elmbﬁdemﬁ:@dtm.en‘g pramntihedyanf theanveptionds affipity aatgred iolﬁ)g@'wéhe target
binding embodi aBnk, EXEUne %?Jﬂgplec gl Afﬁm%r Bati8E8htiBSdy I HeSnvleontwliich

nve t|on E. coil strain

specifigtly binds t\mmn@a@mﬁwm wih pigh affinignbpt Eﬁ*ﬁ E‘tﬁg .Lfm&d

h QbmprideGubstii®Rh hﬁaVlR-H]@lnﬁioyamd
pm”“"ﬁ%ﬁ’h%ﬁ%?‘é\éﬁﬁ% “,(M%gs%m 398 S:Lzlc? AT PEROShon which
positioNc29, 307 33 289 Sﬂaﬁa aﬁéliiqf ewlﬁe%n ¥ PO G VPR
specifi Pﬁmﬁ@t ¥ ikRE-1E R o ¥RBiGVEA 4 h Rich Nﬁn{tﬁhﬁ bilptoK33 Hiaked q

tL8 AonpTA(nnpc-fepE) .de P41 I c U

POlwb&u%W@S?})Stan@%fé?d“%ﬁtdr iy © ﬁ”lg%}]zﬁhl %es@%er ean?mmd
posmoﬁé"@hm@@aE Tn GfdkHer %&ﬁp{e%@ﬁilﬁﬂz b 69d anBb@ipiol thBjnvEhtiog @ylluck

. ATCC 31 537 n )
sl it ragslrehvormage e g p R S B TR
polyublaf dﬂ%htshtﬁﬁnﬁalmrmua@i affifty hodsristoubsinon eUEY R A amino acid

derivatives of .t he Rasiie bt & "
positiopy h@ {084 3R &io@’eﬁ% PRORSLCRAPEIE no% gd ar t gn ¢ mvention
which GR&6EHND BThdE 0 K4f8dhﬂ<ek1mﬂ5mb1qg1t®agtg high aﬁjmty bypbindato3-linked

POIbe%g’gg’ﬁéﬁ% éeggr)r duc L afﬁm@%gﬁfv@eé YibREGRAIAIVRIED SBhPLld

erla t ng into consi derati on
posmohﬁlrﬂ 100210104, iahd/ 1 @fo. ﬁm@mﬁ]grrﬂxmgdg, an i masrqdantiody of the invention

which g)gf;l#gz{ﬂlgl rna s 598458 1@9@%%bﬁmuﬁ Qlith higREFAY b birlk to K63-linked

speci'es n be .35suitably used as .t he hos%
polyubiduizin wihl shbskemtiathy rpfugerhaffinity somprisss subsiaoy at JERd Srmino act

posmogspﬁ F% ﬁ@%&n@pl@ L afif@FmbiQred Hﬂlﬂo&y &ihﬁ’e 1hﬁmhtbrﬁﬁ}ﬁch

st céll shoul d secrg lnkd
specifiaatly il o5 s Uy B FAPEED iy ke
polwb?{]uﬁﬁb%h%hﬁs%nﬁﬂﬁfyrg@ﬁcd ﬁﬁlﬁty@:@ﬂbﬁéeﬁ? Elibkmﬂtliditaem Hl amino a01d '

may “desi rably be |

positiopsi %3 dn anmiter Wlep?w@gfyﬂ%mgc? z?ntaggcrﬂdg ﬁle e téon ghlc% spemﬁcally

| binds th rK.%@ %&ﬁd% Libln WS hiah enfereing ‘B{nki:bﬁd(@)dﬁhkﬁbgﬁ)ilwmqmtm with

cubstapoly et BEEp TR ROPT PN AT R ddTE 86,32, 522,53
56, and® . 8F Eﬁdﬁ&r% aﬁlglisf 8 JBfitySman@ed anmpbddyfof It}regmtehteang‘é;umgpemﬁcally
encodi n e

t esire Tr
vinds ok ST DA D & BE Ryt PO e B B
substai;?hlﬁy keiude® RFinaa bbBprised shlmtunasat&mbmraamtwaom@m 95-100, 1002,
nment_ or b chr alk
om0 Pt ooy O o e E ARG, AR ety
binds b%@ﬂmﬁémlyaﬂnﬁmﬁ kiita high bBingyi bt birdh tosK48Tlindked Epbabighitipvith
te at in G PR 1-95, 95a, and
subs ‘Fd t§P¥ T%e #§$% at con?g?ﬁ&gﬁgg?gﬁ?kg?
95h. cell-mall barri ers. Another net hod for transfornmation
enpl oys pol yet hyl ene gl ycol / DMSO. Yet anot her
techni que used is el ectroporation. Pr okaryotic
cells used to produce the pol ypeptides of the
~invention are grown in nmedf known in the art and
suitable for culture of the selected host cells.
Exanpl es of suitable nedia include luria 15 broth
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39C, about 25C to about 37C, and at about 30C. The pH
of the nmedium may be any pH ranging fromabout 5 to
about 9, depending mainly on the host organism For

E. coli, the pH can be fromabout 6.8 to ab <
womeo7alead¢ 7.0. |If an inducible pronoter is ugggmg%‘)%{;’ﬂﬁma

expr essi on vect or of the invention, pr ot ein

O Bl GRF R kit gz%aﬁﬂe&%’éi&rdy %péﬁslin%r@leﬁwﬁidh t;abﬁeaufy@mds o

ronoter. In one ect o{l ]g)stanuan
K63- hnkﬁa}/m’ljmbmlmtm Rlitd Aighrariy é\ﬂ@ma‘lﬁ ® K@é&k?dd?"@&‘ A Y
reduce{ B ﬁEéégﬂ)thEtut&J]l%t AORVPERtAARE poﬁﬁ@x@ rdiza gInya,noﬂadfr&xmnpls

NSTOr s are cul ture
an aff'upﬂywpm@mandwﬁhn gversian wiich Wclﬁmg 17 Kepfirkgdolyubiquitin

it %&Hsgbsmdalmdwcd Afignity comprises
with m%”%ﬁ%l@%%mds% R4phasRhk Sbidd

nmearLum ( see,

substieon 7 TP B4R CRZOHEE00 T2 THORLE: REtROG (IG5 2ini
mature ggfcﬁﬁbf %Z%vcnﬁn‘&ﬁﬁéhﬁsb&1ﬂ:ﬁﬂjoﬁlﬁte fto K 60 lmied polpnjquisia with high
used, "according to the vecto S
it i PB4 bRl b et
substitRBh YRS iHd Qi) ]ggﬁmﬁ&QSEHOOﬂmheﬁmbnndaWE secreted
e

Into and recover the peripl d
clejopgembpgligeat, pn § et“§7 Bn roart Igpl]?sﬁg\?o ‘é’ﬁ J}%ﬁng ?‘E%%ﬁ n Iélam

comprit@thB 5aqEROb UFED BMNOgansnal,layd 1. Suwl crbedigemign annbody of the

osnoti c shock soni eation 9 8 N®s: 79, 80,
ety SPgp g, C G AU e S SR B SRR SR oD

_ and 3 I.bYInG)ﬁ@hﬁtboﬁi:hgaﬁt b kb dyf dfiiterissteitivm comprésep? TFEEY ¢hein ﬁzﬁlg,a blsfomain

further [ ! ds @$ib R chain variabl
B

domair dofpFifing the ﬁbqufﬂt:e) of SEQ BuNps /8, &Qe@d NN ] orhglbqng:loglaaents
alltlbO(%yﬁ)z *[hg Ilﬂn tcrlﬂon N 1E clt)ﬁeqma%oﬁlﬁhiey 5 Bea@ylchain

e sup ant eilng filtered and

variable dasgntmatisidg fmoHVchhIt HrOR- E%prapql HYBeH 5509005 35 8¢t 8B Fieures 2,
3,8,9 ]19,2{ i a?zyﬁe Gha dzE*‘fgr BXRIES 38FbP Oﬂnﬁbﬂﬁp&rﬁ%&ﬁleﬁt@,ﬁnbﬂhﬁoﬂy 6ﬂ1153€r

ed’an ntitied using connD
inventisu chregmngiog ipamesticald denegambe |C%'€li?ffs a%“"
compn%g E:?ﬁﬂRktl%qéﬁw SEQ ID NO:hm, a@mazm:spaqﬁmé oftshe 1D NO: 80 and
ention, anti body. pr oduc duct ed 'ﬁf&?e
@ %'Ic(ione n [+ T

an HVRdarsedquecelsyse frdimistat {bh d? %i@g’f ETAROES
emb odﬁx@ern&emﬁaﬁ%cﬁyfoﬁﬁhe h}%&fbnfc&fdmtiﬁg icorpapicolbedercasmbgrgompriscs a

aval [ abl e for productio conth
heavy E}zgp)g.@n%faqb@lafréqoirpé)ﬁflag ?Ibﬁgﬁ I’E_f# éu?ia@S]I%[V g 6—% 8@({11{&1?0&&1% set forth m
Figure®d, 30aPACH, 1Y,1415f 0k 22 ek elomebmuberlan@@sxw ¢ompLigs 2 figiy chain

liters of capac These fenn s aLor, SE
variable daRpip é?’%er@gﬁP% BLiaras SR gen ang%(?u}tg r]ﬁe}ﬁrﬁ&tg%L &fence of SEQ

ID NOESResd A HyR- 9B lSéTc@ﬁﬁ:e(aasem ﬁmtrmnFlg@r ridn! e hGrgy 1 g@mh@téjone number.

~Spal | scal e fernentation re
f By 9HE ASPSEE; ¢ g?]mv’ﬁman Pré)?r}grl%sn h’t%%ﬁg%hgtségﬁiggclaé r%l}l}e zﬁl{ of the above-

menho%@cpirﬁlid)dﬁtf@ bindli@Go Ipblydnq;nqnn Ty o psnees: fhe 115/515@& ipfoy‘l ewﬂbody
n range from abou Wiy FAR abbieBhicrtionen

that b‘%‘%ft‘é?lﬁﬁ eﬁn p%gegégél tob hﬂ%%b%&gﬁ&gf ypr ot ein o
mnmo&mpre33|on |s typically |n|t|ated after the cells

1Qhave been i dnBH SeGRALY bin@BSntidlated polyublqmtm

g‘& é"’é‘ dens) gm‘)ugg%h&sl 0D55 S%Sf ag% tl 18Q- % ate .u

havingMhipedifislysigelinkhge. el shewmpeaein, gheragEbodics PV SipREfghaepectieally
bind t({) %o’ﬁlsfuﬁié;uﬁn\f{lwﬂloeé ébe&ﬁc lyIHlE GRdaSe WE tRepdlifdihuitadCotdicdy 2

vect or® construct eggroyed as is known in the
heterotvgbus@rrdeinléss@ £igh Edamaplenerdda| | s may be grown for

S %g&fé&ﬁuoﬂsédn&%m bl 104t 612 ahtﬁlg&l?ﬁm@ﬁm aBabdds omtEastsoal | y
in

ed for about 12- 50 hour s, h l.on
d. I
polymtroRd-apmPdRCE RO R U gel s R pBliged, 1o

ceﬂm@in%ﬁﬂeh@@%&n%bﬁﬂ&ﬂﬂaw phinyhacdutitah eongobifige pis us@@cvﬁn

e invention, various fernmentation conditions can be
nodi fi ed. For exanple, to i fprove the proper assenbly
and folding of the secretea anti body pol ypepti des,
addi ti onal vectors overexpressing chaperone proteins,
such as Dsb proteins (DsbA, DsbB, DsbC, DsbD and or
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33

' Generagibn ofwetipolyenatorentipndis 4 pPrage &

-5- Protease M, Protease V, Protease VI and

conbi nations thereof. Some E co/i protease-deficient
strains are avail abl e and described in, for exanple
Joly et al. (1998), supra; Georgiou et a

woRalaNssNo. 5, 264, 365; Georgiou et al., U.S. PﬁW@%ﬂOG’“ﬁzllS
No. 5,508,192, Hara et al., Mcrobial Drug

Resi st ance, 2:63-72 99
biguitin and/or one or
comporaimBATER O & O FLPTES ‘% vipdes gpegnf PO Ebigpisa pador

OTE p&%l@@cﬁie%pﬁﬁ@l@ﬁ@h% @navidinb oﬂdlplnwsemndhodtxes that bind to one Or mOre
over expressi ng. one o re c
polyubigaitin ']agserﬁgglpos%@pf may :ﬁ]rt[{t% Iétg(rl?s% RGP CarER G ks ]pﬁet[rﬁgceuﬁcaﬂy

essi on SySt emo
acceptabl@\é i Inchidel Hmﬁéxy which dr¢ walt ]C{IEIWD mtheart.| n one

fIg;?a(tqﬁiéspﬁl?fmcF ?1{21338 y%nécl 0%?% ad a@go {R/uf%ﬁ Oﬂ%%%gn BesRintentsSthe

ain pr paratlons that are
imh&é&ﬁﬁﬁ&@mmwdwmmmmm@enamuﬁmm®hKwnther assays and

ses rd f ndTE 1A 8G ceiDYiment,
O’fet?én 8? a%annp Wﬁﬁﬁg}}/gﬁ H#bseér?%ﬁogl\% ng, a?gr ocedur es ’

fragmeﬁg 6 thxamipoBnbiquifin suibeditsl (024 pEﬁbb FabegHiaph @b o BB
prowdeg %@eﬁ%gn%%t (ingaﬁ%ﬁntﬁ e Qﬁgtfeél E‘}l' {MitRhal nRRnsSAGH M@ymaﬁc digestion,

recipitation, reverse ghas b .
or may bbgamemted iy epdnydimmt @Phnll@ﬁs oveclyntiBody ffeRB R RN en

humamgefegsﬁo S hudi th%? fpigi%’énts GRLMTRGHRCASInBEic afRerkAGIT purposes set

nrum'su precipitation, and gel filtration
forth bddst.ng, for exanple, Sephadex G 75. 20ln one aspect,
- Protein A imuobilized on a solid phase is used for

imtoaffinity purification of tﬁ% i body products
’i}iaff}”‘%’& | wal |

pAQ f%{eﬁﬂaékéﬁﬁwhq&&eaﬁ&rgw@mﬁg pihiedisthyritbsariat frbm shich

ffinity to.the Fe r ant i
an a11t1bgdy1 dhiatkiestepn %q @%3 pe miefﬁ.% #gﬁencrwg ﬁﬂﬁ%@%ese ot ﬁeres_rhs through
the use%@L bﬁigpﬁx%iﬁgdytmmwmwabed mlme éx al. . MiohBiil| (2G04 34G{h): 1983-93.
col Umm conpri si.n ass
B erb TR gis oL Trapp B v RSt SonBhadin
11brane§ 9)' s%éh fot @n@@ﬁﬂﬁiﬁb@@mldnmﬁﬂtmihs destréfieaciaty prractiviies Japepeiple,
a reagent,. such as [ SvRAk

synthetfpdaﬁglipélg F]PP% agd;ﬁlg?teé(ﬁ SCIS 1%113[ ﬁl%ea 9 11bra:§eg c&%ﬁh%’%ﬁég@ﬁl (R lay

m nant s first :
varioustt@Ric@f ofuifibddy eatableng gwrh@vpﬁlquafp plaEooaaptEie Juahphpge Libraries

iy h (Rn.CEIRAInR R xFBRInk 8¢ fragments
we oy S G B R RO R O APy e
capabl&iridigao the ddurngam;lgert dreadsprbphbiodie aafig@p Ardthsseparajed from the non-

L8l at @0mive: AMBEReshdtcan be further
bmdm%%ﬁ%ﬁgﬂ%ﬁ% nan (ﬂ%%%%%§2ﬁ2%+g?%gll boun oy ¢

ennchmmadmmmhecleﬂfmangep afyoEptigREluBeH AT Of 1o AR ¥“tbi‘°é“““ antibodics
recovere . QRage Blctebh e to select for the
of the 50 ?ﬁ%géﬂ@%ﬁ%‘iﬁ%ﬁ%@ 0%2115 Gemﬁ%? at | nz@gyﬁ? bodi.es

phage tisnervdl ireandsa follow sdbyirenstrugtign of a full lengthaul 1quitin antl%ody clone
using tﬁe%@s%@.%%e% ﬁgﬁrfﬁé';ﬁ!aﬁé/clbrﬂﬁk W est Qidltsm&ibh% cﬁﬁstan’t fegiot Et) sequences
nor e of

foll
described ingfabatof ak.Sprueress Pfd?rofeg%\fﬁméf ’%ﬁ’”“ﬁffs %9 ﬁr}rZ’V‘f{ SS? %“@ﬂ%gmgﬁm

'Pubhczﬁﬂﬁ@?@?& BLERBMID @9qm)mmt es, and a transcription

term nati on_sequence. seguence
Al'hecontiggm-tingling fomain pf an %@g&%?ﬁn@etﬁ R&é exiaﬁ%’fp @H? ons of about
110 anfiffcfs Nond eth %ﬁl th@ﬁﬂl‘ﬂ ewm)emm heaoy teH) qha;my p@mqﬂdgeqqat\;mﬁ@
a speC|f|c cl eava

e te at the f an
hypervggghly laons (OB $ENETR gr egzrsxtnlmé feglons, I((E]?ﬁsﬁéﬂ%ab% dobfdffs can be
d;splaﬁﬁtﬁﬁxtﬁﬁdnt‘a@;&)@tsphsbeg Bigtler WI (BEv)dheyents rnaw}nyh VE and VL are’

o Az o o an [ in whi Va@cgca fused
covalefﬂy linked Wgh gxﬁft?@%{ibz pe[gic}gcf E g%gbc'ﬁ% F’Hs it which kg ch fuse

e host Te I'n mamal i an
to 2 con@kdt dSHidN SRShtenct noaowalangy as degratied FO¥ain ertledna &expdprunol.,

as viral secretory |eaders, for exanple, the herpes
sinpl ex gD signal, are avail abl e. The DNA for

such precursor region is ligated in reading frane to
DNA encodi ng the anti body. 490 Oigin of replication
Generally, an origin of replication conponent is not
needed for manmal i an expression 15vectors. For
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20anpicillin, neonycin, nmethotexate, or tetracycline,
(b) conpl enent auxotrophic deficiencies, where

rel evant, or (c) supply critical nutrients not

avai |l abl e from conpl ex nedi a. One exanple of a
wossberosan schere utilizes a drug to arrest GICAHSRSH006211S
a host cell. Those cells that are successful l'y

transfo d wth t er .
1 xR et g 5 IR BERSAEEAUERIG e cocs o
collectivag r&erddes 4sORv plege ﬂenws &%Evrpiblees" of such domi nant
| ect.i on dru 8GEL
E T Oy AR SO RN pR SR TonBY AR PRRLL faftatiCion
(PCR) Bi&l‘rk@ﬁrﬁmfed)ranﬁmlﬂymi pha.fg: hbedrieg v@rc@ cgﬂ-ﬁbg@cﬁp@a@h&:@ﬁ)&gm’cge@ Biading
clones gﬁ,]fcfc%{bf 111%111 Per O a ngt QEH43§—Q5§ ﬁgﬁl) u91b¥aﬁ€s from

y nucler ¢ aC| di ne
immunizedl srases pmﬁﬂ@ilgletfﬁmbfrﬁ@hwdﬂcs Hnidie ¢ Em@mo "fﬁrwlﬁlilﬁlfiféhe requirement of

construngno%rylgganyx}\ag nﬁfté?na@@tﬁ? %ﬂe naB SRR R atiRATI B ffprovadHl ol sitiglt@ource

Xyl ase, For exanpl e, cells transforned.
of hurmaa titibodies t@HWNGS@lg@@ﬁHOBﬁdﬁ@Wé‘lsﬁﬁilf %ﬂs@f Wﬁ}é"“it e piggion 25

describdY laf@rl‘lfffi‘lﬁ NG @hdpoof 13:hes t7§4'9(‘1 89301 Fiﬁzﬂﬁzsnaﬁvfd lﬁraﬁbﬂ datl 6l€o be made

at c¢ontai ns net hot rexatgﬁé 4 d PCR primers
synthetieaples ¢leningsherergaracd I -gne pemets F“SFB tllscamdngiag PCR p
contm&r% Ilarfdom eﬂelt@elky&ﬁh%ﬂ@ 1 &iaBIBNIDGY @¢kidnm eddtd @ccofplish

Chi h
M I T e

Zﬁ%eﬁtg&%ﬁlﬂg @%&@Zﬁk@&@ @pbabfragments bAktsien rerhé maloygoat protein

host cell's arti.c sts_that
R L R
domaiddHA S8MRN6LHe @ﬁli‘cqﬂly@qmﬁélck&ﬁibybxﬁtyxbiemo]yﬂsﬂﬁyipg;a@ﬁreg as -

B

is fuse® B R hreDihdythe 6 decrgiedintdhé bretvadibashcdberiplesm! W@cra assembly ofa
Fab- co%teeplr]ﬁ)et%tgl %%%lg%h ge%tﬁt#s%sgf&?éfo%t@%dh@géﬁf&@ by %ﬁl@cu?gssoﬁl@ of the

¢ an
wild typeesy g rins,are. f4k8rib&sie HooSnbea &wt. Nigh A@dﬁg@s 19¢133-4137
asepl!V) Promoter component Expressi on and cl oni ng

vectors usually contain a pronoter that is recognized i
- bin gehmaﬂmslelcgclgsawp@dmmbq b@xﬁeffag@p%js Jr¢ pliaiped fpnt immune cells

. harves%bl &l 8 InEma%! d alﬁﬁll‘glg di)f B gﬁbﬁrypﬁﬁddpﬁﬁﬁdog st a@ﬁ—pbl@ﬁlﬁdjxﬁtﬁi clones is desired,

., an ant y Pr onot er sequences area?](g gﬂ (El dfor
the subgagt 1§ ansl@m@é “ﬂi‘b’ ppb%ﬂ‘{l‘}n @Iﬂeﬂf‘éﬂ}?ﬁ’r%ﬁ}?qd& THRITES AERPERRE
(:Irculaéa-cr ﬁ LOR of @ﬂér%@nﬂ@am%(ﬂ BRR{EX(PBRE) @leftecdbertdfoBbrags es

treamfromth site where transcri
constmcﬁm @pwmbma{eﬁfe? hugprg R RROSY BT ABETH ! ? '%f 8’“}3 (Lig avor of anti-

hmnan%@%&&ﬁﬂﬁ Elﬁ&mstoiﬁﬁm‘éﬂ By ben@fatifd NSt hinpdn pohyubifuira aytibody response
genes 1 s a CNCAAT egi on wher e

i reny o BB OB BB R TS AP PO L fmctora
endogdnSusR LT PSS bb@,fa:ﬁﬂ sﬁch ditat patyubhigithtemshigaiah gifvenrise to B cells

produce%g{lu}yég Q%OE%%h gau %/1 atﬁn 2 Ottan%%m:))’n 0&1}1%&19 gntlgghsr apb?ducmﬂ

sequences are sul
h‘ansgénﬂﬁﬁl[:& ﬁ@edcﬂlﬁeﬂ nesécabry@ﬂ)(b:) beiopzr essi on vectors.

rAAEPTLAFDEE BEPTs ey GEEETRl (M FOAER B Shiifka by
using mnm@mangpm@me mﬂolﬁm @metkhfenpgeqmgrmb’u@flmw mglég membram
bound e%tg)gppr §§p%ﬁ YR VLY thE)gl Véffiﬁ‘lﬁr chRESRMpIUS adsorption of

€novi r us f}oapl oma virus, avian
cells tsfaroc@mmeilshebd pqiymhmqr@gaﬂowqddﬁ ox-aeiraied gelk spating (FACS).
gﬁgril:méttvlels B Yo oﬁ%ﬂ%ﬂ Q1R Rl/8B MG BiSotte PRV an dufi@fiunized
er of bus lan pronoters, e.g., the actin
donor providetadtioncrameittion nb ik opsiblampbdrEpatoiregnd plgpgmits the
rQI?Q:E L R (18N S-S BhRIeS indtiiech
consuu%%%itsa?bﬁilﬁ) \%Qﬂi %%ytéﬁc{:el I systens. Tﬁg@%arl y and
| ate pronoters of the SV40 virus are conveniently
obtai ned as an SV40 restri®tion fragnent that also
contains the SV40 viral origin of replication. The
i mredi ate early pronoter of the human cytonegal ovi ms
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WO 2007/ 120334PCT/ US2006/ 062115 adenovi rus enhancers.
See al so Yaniv, Nature 297:17-18 (1982) on enhanci ng
~elenments for activation of eukaryotic prom)ters The
enhancer may be spliced into the vector at a I ti
WOB00B2084 to the antibody pol ypepti de- encodi 170820061062115
sequence, but is generally located at -a site 5 from
the pronpter . ( bRLLPA iR Mikal Lae constructwn, stem
polyubigig g ok ftigeric. %Eibr;%eggﬁlig{?ovec? ors used %fn eukar 0
cells ath G&vesed flom thd dubj et:ty@plpalld¢ yuckgiosside enspdipgUsEEaRe agivo y gene
segmez}qso E?Ifal% e c%ﬁs gf'?.l?ﬂ.‘ &L H}%Bﬂaﬂl@d £hm b ARSI afiink Dipedditsuch as

IZIn sequences are conmon

 humanpu@isé,ad) lec’dﬂl’omhﬁ,t lhpying;! capifpg) fel@@@ﬁ%ﬂbé’mnﬁb egume and avian species,

untransl ated regi ons of eukaryotic or viral DNAs or
cDNAs. These regions contain nucl eoti ﬁg Sﬁ%{remvi—' £5) are
t Naohascacidradoding a@@b@gdmlegp@é%m@&{@ﬁ ing ¥Hand VL segments
rccovelléﬁ ‘ﬁro@r{lgé c%h@&*’ ek 'aﬁ’(f‘an‘ighﬁt:@ in‘ﬂﬂ%Nése%m Ee@ﬁlm@gi ¥ and VL gene
useful tr anscr I pti onﬁ%ﬁ Q&NAQOHJP Bocytes
hbranee,dhpfiﬁmqqitDN% C@H@ oBYIRPhHEY §PRHIEECHBT ymp
follow es B %E@%/Hg%?eoa{f&g% (PUR) 5@1@&@%@%&3&2@% jinct H lendstofrearranged
VH anil sereasiRoiet IR chola el s dcat st (ishy EpESLIGT a9
'thereby\c;lg%l%i%r(g&ﬁsg?}e%%h f]s%grlﬁ‘lﬁreﬁfbp E}Q}Sii;lblg u"ﬂigréf ggm camlljidn@hﬁed from cDNA.
and ecopage PRBet BB PHIGT AL oI T b PRt Sl y-domainand
fomar&’ﬁxfi&?@fg BdsbORitIh the ersemaztseifgcabédsn Orlaridbengl. { 1PBR) a(nf prs‘é’a? etal,
cul tur nme_a. routine r d
o< S a0 R B SR EOUN e BT E9be
in the 16d&r dxoR&s dekaibad mITomd ehy., BukOmplOSSF 89 QUG alggpgorqgg pyimers
uman e onj 28-5732
within ﬁﬁ&?s&’—}nfﬁg’% c%? Sikf(ﬂm)éalnéfﬂ gal( %’9(?’6 Rkl %?c?ﬂ §&. (b@A) 86: 57

énsi on cu ture, C}ahan1et
(1989)aTp maeifi2d c\zmbl.cmalﬁarﬁﬁ d@&@?ﬁ()}b can bapyorprantad zgrthemnaﬁ@yis described in

¢ el Koca il 0t ce IMrsity i
oG M Sl B A e o
maximBed by Witk PIC‘,R P ieBs 1aRegd o) eaohfﬁ@g@ fangily ig|ordetia |a1ng11f¥@kl {rmlable VH
and VIrll/z?t rﬁggmen@ en(t g@ﬁ%& %131% cglf]ﬁlcl%ﬁjac{d%m& i oZ. L0BdcaYed in the method

celr Africa nke
of Mark§ dmﬂéyf &l 1Bipl( 2@2@17@7 (b?%@r@ﬁzﬂesa%#)n ‘E‘H%ﬁg‘ﬁp of g)o ’Z‘F
» | il @5}11 1Ee) iy éﬂ}]meAlﬁdtndé’@yestn vectors,
Nuct g‘q{%‘&%nﬁl gr%l&%@.g? 34 bﬁ%fal 0 rpg}tﬂ LI ver I | St .din
rare roftfon Sifs CATIESGHEGALZHR PR PITIFGS b B RLomP G desgiped
Orland Gt 15959), BHEBRrthdr PER 26lifiGutitHeRh DidgeciBriBOGS Yiescritpd sieClackson
t unor (MMI 060562, ATCC CCL51); TM cells
etal, WWteh& @%46318( Rhhal s NY 25 Acad. Sci. 383:44-68 .

ﬁas W%m’éu&aﬂ& keirafsBdhVaehds 8an enidiad uvianfrore Yageoa

etc.

I|ne

' | | t f
amcrheVino7Be ki VB erumpreboren 5 St AIPL SR b o

Tomlid6h LRQAY M gBsIc LI meami; (@962)) uarelonappedd spared i Mafaida ef al, Nature

d arn
Genet. B}u E}rﬁﬁg g]tr9§3) gg%ec&n%cxh aegfnrcgrﬁ EF&\B:D [ Of{ﬂrtheat%eﬁor cgﬁfoﬁ%gylgs' o %e Hl d

H2 loc@EMﬁ)e afdasl %@@ategp}/eﬂe 3t gde spetremTeth PQR/praerCyiceding Iﬁ@loops of

e ost e e
dlvers%am:[?e&{aw o{bhaﬁ éescrﬁ Veéi ﬁr? ﬁg cr)%%gllol ﬁ'nbagé ggnt%lﬁ{ gfo@ I%ﬁcQaZ@n 381-388
(1992)v am epytodrs cmedisabe Sadvreithoillahd syqlmtzﬁ diegriits faressfl i aslgrgF3 Loop of
a smcl(; eﬁgﬁpas ﬁe(sgqued 5%29%?\/‘ azMgPA(f“?an ﬁé&e@& ' @%4 %93;1&%461 (1992).

becco

HumaiVd iafid €Hl Sdgalghteh@ewgem olgmed g@wgmenceg(rw in Willagps @%Wéuter Eur.
J Immumg Qy J él%lé llé{% é%@?)l% Q&?Ean%@ luLe%‘to hﬁh{e@%éﬂb ﬁ@ht cBdmy repdrtoirbe

SCri Met Enz. Qfgé[fll . -
Synthdtit 978ns reBertames beed amaranﬂm%ﬁVH Brdo\éfh@ﬁii apg b3 o1y lpegly) Vi
vefbith o8RG adpiicioh, of §24ene encoding

encod sl dTBot 8 ers By A i o e ot o o

U S. Patent Re. 30,985 may be used as culture nedia

for the host cells. Any of 4% hese nedi a may be

suppl enented as necessary with WO

2007/ 120334PCT/ 'l 82006/ 062115 hor nones. and/ or ot her
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The antibody conposition prepared fromthe cells can
be purified using, for exanple, hydroxylapatite
chromat ogr aphy, gel el ectrophoresis, dialysis, and
~affinity chromatography, with 20 affinity 3
WO eHWrdHasbogr aphy being a generally aCCeptabIePCLMSﬂmwMﬂlh
purification technique. The suitability of affinity
DNAS, aﬂgﬁﬁ&r\} Semly eﬂ’@s cB %@érﬁn&d%ﬁw&ﬂ a@bidingitd she kdethadschf

ends “on t ecies an pe of any
Hmwm@mmmn@dﬁm@uﬂkﬂbl iofoitdi 11 ?ﬁ%ﬁ8%§ present-in the

Q{]éfé ERToTe N I e) G heonisaded i qatmbmfng \EhtidBdices

* repertoi(eB ﬁc}ggﬁ%ﬁk ?eggrgldya?rg ]jach F Wﬁ%ﬂ‘i‘}ﬁx’ﬁ%ﬁ q;ﬁeatcé I (%%%g%: "?[‘g%%) d the

vectors P&%ﬁh&& &Viﬁ% d £CRABRAM Hogrefakl alnGagel 28s btdyi3é 199 )lor in vivo
for human .y 6 E
by com@pl_zgg@} )nfectm;ec ﬁ'ﬂ% ?%gtsgst%geé?pw?? ?tP% ? 1135 : Ig%cﬁ é@ ids Res., 21:
2265-28%6 ( BOBEdht $: ﬂm&bcoﬁihbhﬁﬁo@?mmexplblmthQ)queilam@tpqe g
are avai ani ca as. N
ﬁagme%‘ﬁt"?’?i?‘l“&?lg GpiL oy flggrgf Bt r}% Fe% ?é y rgoeZ n eg%‘?‘%é ?1?%% nz e% e e
VH andd1l ﬁﬁ\érfoﬁlés afrc&ﬂbleﬁ séplacvely, aneestoamﬁagh]y}qné thepHisE @O Hhgee vector.

H 1 be ach Btehid® that each
The twchlllhr?rﬁaa*}?algs 1%ed 5% @é{%‘gm\% B{;k:h@ e@ %%ﬁag}é%%} dteAB at eac
cell corﬁe@;&lamlffeient domtBakiex gmdﬁhn litrgrpsipais gmltﬂ](yﬂ}[ by thepmber crf(gPlls present
! § % &) tAat the VH and VL genes
(about ur| %a%ﬁ%ﬁmgﬁbﬁﬁnmﬁﬁﬁﬁmggggﬁ?gﬁgf%%n on Pl ) il
are recanfhined xioth amigele capliconend eqengﬁ@qkagﬁl &y Eﬁag%lfqi@ﬁ Tﬂﬂé& byse él raries
provide (}?‘rg?]l?umeErlﬁ%f @%E’%&%{)&ﬂ&%@ Eéﬁd@fﬁnﬁy thé af atolt nﬁmipg raphy

eparin Erm chromat o rap gn an ani on or
damnmnwéwdhangémﬁégwnbf@H@HS%EB Wéﬁ'%%??l@sﬁb?ﬂ S
describSP P%g{&s o GRTONBRGH 08 Y31 500 USBI88: RACEOSRNEH 13 ressémiried together

i b b 15R50528. 90

assemb c% 1150 RakYa 1%'3’6111 fV'[—lC%H ngI]?A%\P&EI)NAteh@)dmgnﬂﬂmble peptide spacer to
onprising the anti bo o} 5i nt er est "
form seBpemMATFS) TRRGToBE Sul BCEE OBy PHER SR PFTRY Fasrd o

combing WVEPsd VB SeeRQGAMSALM hcfc@ll‘es 1BXECRpArel tip clowdrepertoires of hnked genes as
2007/ 120334PCT/ U 89 % %Qﬂ;ﬁﬁ% gggydrophoblc :

dwmﬂ$%@é'gé¥mﬁ%a0ﬁw6 “p @ usi ng gl [ution buffer at
3Sc&]‘h1§£bﬂ’bﬁ£]ibrﬁha@ ddn 1. abeonpliBied Gearoragtkngwi teedgage Borgrample,

It § At nHost-c e
polyubg&ufl )::S:lla I:Ietu(s:%ﬁg gﬁpaa ’Eb% galfenso ?f ags% fon pfafe% r&glg%g ‘!I{Ha(l) Gioft-cemMitixed to

adsorpiid@Gids Qriesd amm Retifg doct(mgug@gd ’fp @roup fa SRR gith ﬁﬂ'qp%}gp]ecgated
beads, {}53{51:&1 xﬁ 3133; er a 5\%1!;] m{:thgcisfo{' AP PLGL iipieAlibratRe ar e

e ar onS|stent wth the
atie\phage mﬂﬁ@r Sawled s rotsctdpribpRAbE AP OBHEIRY FRoEiponons

suitabchE)f P]{}#l gatgsgg pex"i)iroﬂ bietﬂ ﬁag?ﬁl&ﬁc@a en e a'd§Hrl§Hh€ iﬂormally, the

di es _of the inventi n logical
conditic@Nintiedicheh, dotiestieagl, troperaie pod tbﬁglgq aEe e d’ﬂfmc physiologic

COl’ldItiElE?o h&L hag%ﬁ%{ﬁgd Bl o%d Iﬁé& afréJxﬂﬁhéd)c{iia ¥ el b Bd, a%sayisscnbed

£S ca
in Barthaglettahglfroc H@ﬂa@qaérﬁfcz L ?7% é’?ﬁZéi%&? oag%%l €.g.as Hescr?oed n
Marks eﬂz?l HYPBi0/032: BOE-597 (‘fr9(,t1§3 d)r ﬂ@}ﬁcﬂyubkhﬁtﬂraﬂmg%ﬂbompeﬁnom eg ina

equenci'ng, am no acid ana on- d
rocedam St O PRETEOBBGUTE A PE) P T AP S SRR (199,
Phaged T Be SHEERAONRI00Yold 0D XM sﬂbunomalﬂogo‘a:phl}c eaniched phages
nece &ptlbodles

papai n_di gest] on.
can be groemambAciErial PuieF %%PWB@’%%@W rgfm‘%c? S 1 n sone
efROGHIBIRY §F se@&tdnbﬁﬁﬁnﬂaSorﬁﬁaﬂy Hectdrs) wehiding nheaqu@tmsgg flisgpciation

for their antige activit
durie o g SRS L RRE T o n Pyl RS tapeously
cngasd Bt EME iARtibAteds el Pk Hikeouiidni kiictiest (rgiveak pmdmg aldinitigy) can be
conpetitive 15binding assays using techni ques such as
western bl ots, radioi muno says, ELI SA (enzyne
li nked immunosor bent assay), "sandw ch" inmunoassays,
I mmunopr eci pitati on assays, "1 uor escent I munoassays,
and protein A imunoassays. I'n one enbodi nent,
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5The present invention enconpasses anti body

fragnments. In certain circunstances there are

advant ages of using antibody fragnments, rather than

whol e antibodies. The snaller size of the fragnents )
wohbpesskor rapid clearance, and may |ead to BGRIFSGQM6Q62115

access to solid tunors. Various techni ques have been

devel oped for the produ Dody Ty
reained b O S PgEes ST EHTET BY T BT np R B e i ol
phase. Bhe hieR héﬂsi‘q,cn(ﬁ‘ b9 SthabiGres @fe phade aﬁdiugﬂ llﬁliltbf@]dﬁt&lgel@@@es but favors

Wt ; fie B etics
A S X O T e R
(and g(ﬁjld bindBE| ?ﬂﬁﬁﬁs) 42 B ﬁ&mét&d?&i)s& of ibﬂl@n@a}sbﬂs and inegwalent phage display as

ments can no di X ensity
descrlbﬁ@) %ageqt Pk Prgtgaﬁs \g{F a‘ﬂé?}%g \R/E)@g}@?%yarfd%q&@pd Hﬁ@& 8 ity

ragments can
of antigth las @E@cr@é@[rﬁ\‘ié‘rﬁﬂetlah mmelchsdcﬂ&t’iéﬁﬁﬁ(d?ﬁ?E coil, thus
al | ow th cile product gﬁnﬁ@%%ﬁfaﬁ' ities that
t ¥y 5 Passt "at@ﬁéﬁctt ctﬂﬁ?np@ roggﬁgﬁglgér%gn be rsolated oo
differ sliEia fohgolAmiduiriad yioprheageaddpmmamnes ofH sstepradwibedyd e o

Al ternati.vel Fab’ - al . &
performed in Samey 0(§¥ %%1 maf %ﬁnﬁ&%ﬁ{[ﬁﬂ%ﬁ(g@@@y&ggﬁéﬁl gﬁ@% ¥rise to

(0]
many thtadas] jnd stfblhﬂlglg&dﬂ tllﬂlbérCamd afew gith jgher @%WT@@%H}&}IWOIW{&QH]{H},

rare hlé](ﬂgél? %é’}l fesd bihid %% ):()mcpe’t%ﬁ SO &b ?tgantl Q1 AL elhe raﬁﬁﬁfﬂfnﬁﬁﬁt@, phages can

n be isol ated dlrectl B’]
be 1ncubele¢bwbh aRBts bko@sylafe@pmyl@muﬂlm@t with e Jighn é’oqs%w iquitinata
concem R M foaﬁﬁﬁét%%eﬂnma\f'aﬁﬁniﬂ@dnﬁmhﬂfé@o@eﬁwﬁ'Tl@hlgh

vage recept bi ndi n epl tope resi dues areb ads. Such
afﬁmt)dmsdmg ]hi@deswnn ﬂ;exgbe qaptured sﬁegtagyg@ gagd paEgppgpetic beads. Su

equlhggtﬁb Eb'gﬂﬁ’@ 31118\95 hd RRiLPEQAN 64 de@Bte®hccaidink oOtyir ﬁﬁﬂgmlf biding, with

: ar ent tothe ski Opr ac
sensithgtyrthat permits g;p]q@(m & mutgRbEClonge wB.EasSl tﬁef zEs &()éciin ef afﬁntyhﬁ?m a great

cxcess%?@agesﬁ%chflb@&qﬁﬁﬁ ty ( B6ka¥ons &@m\/&ﬁsﬂﬂg fAag8Ppurld tSa sd?hdtphasc can
894; and sFy are the

. and..
also begpmypulrd ¢9 GECTRIEHC $H ‘g%ﬂs}tsc?ﬁ%ﬁoﬁlfﬂﬁoﬁ SIt€s that are

dﬁﬂl@—b&y@ EaNidnina¥ BOHcOvis; seledters | In bime:ynbad@egtmhp mlémdion

vy Sy SHBRES B BELABRHEL L Do
olyu‘tﬁﬁﬁﬂrQﬂJt @b naiviek ﬁ]ﬁ&nﬁlmiﬁngpbe‘oxeel qpadtubigirtin élgar[dﬁ@d aFFeNe pegtein. Fv
e box%sucg 8an A bﬂnﬁg gnéuFHlBs éﬁ%e @Ec{eﬁ QQYI) isolating anti-

0101185[9%53 aecl c, supra. The  anti body
poiyulirid{LﬁgiﬁBd’ilEs fi;y 2 phape liberyees dbscnlecgpn &@tl(prb%@)p) ab@egand ogg)naﬂy

e
bacterfal 159 () fselmm%mmmwm a;nm el mgteurﬁ&amswlém lpgking and rion-
blOCkl'Pﬂﬁ'F%ﬁ]] a?c%éesé W%S%éﬁeqhggédsagﬂ%% ant\ilﬁ(gl 1ﬂﬁ%§§é@ﬁm@s&6

ant | bodi es” are novvnlg %1
mmoiﬁﬁ:ted pﬁwbzmtm:ﬁ) @sin@athanesR szté@jseawdupmmce&ﬁe iz \pRdegifgs! clones
that recoomze 8(?13\1%%@% lﬂﬁ&gv &e@éﬂnﬂl%whleﬁ FRAMCAErd Rired +ith fre Bimhag

I S non- human. These naon- human

n
deternnwts@@@s senoed prbtemn andd P ahiting the gloges whighygpam a‘%&%""‘ﬁﬁ@%“’m" Step

4. Wﬁ!)n%l’kﬁ Hofe xylﬁi thé hésﬂ‘e& gfnﬁﬁlﬁl(}aﬂng frofRelet Can\ba firtubd wriched by
OE imani zat | on can e essenti al IQ/ per f onned

Iepeaﬁnglthe@v&eﬁ@nmmed\*ﬁs HeribAd boFeH R LAY E8¢S wor ker s (Jones
( YA T{cﬁﬁ%e Ngg:lgﬁég 202‘21% azxg'aﬁzé)ﬁ\%c%dﬂy achraan sequeaded using
ture ernoe {
convesss ek~ 5. (1639 o586 oL GUT LI ARy REF USRY ARy e
heavy ﬁﬁ(ghfgﬁl cIRBBAE 5idnd bf ihfdRstcinT mnm mgbage PhEvicwmplaigf Qpee

unman_ anti bod Accordi n
iolagnoF Bh 98 DaP ST G Aht IsE P PR Effiaied i host el

such 8 FOA o/ élmmetrcm drils Whsteqr thnstet q;vaxiyéQEOi: trile, onmyelpmaealls that do
human WO 2007/ 1 (%Tj [ 0 , fonal
not BT FOMAS SRRt LONG OGP TRy ey B oY B L Emonacion

sequence from a non- hunan speC|es In practlce

humani zed anti bodi es are typi-cal'l.y human anti bodi es
in which sone hypervariabl e regi on residues and

possi bly sone FR residues are substituted by residues



10

15

25

30

20pr obabl e t hree-di nensi onal conformati ona
structures of selected candi date i mmunogl obul in
sequences. |nspection of these displays permts
analysis of the likely role of the residues in the

WG WATI08Mi ng of the candi date i mmunogl obul i n BgUrBAwHe21L5
|.e., the analysis of residues that influence the

an’ubO(iil ?’?t ¥ec b1¥1{%1§ h&s@&%'s dl@év?e Al %Q}Q lr&@ﬂtﬁ]ﬁat %ﬁ)f&bl@ﬁ‘m' taderia of

ues can .be sel ected and

anflbowmwdngdam cmiutih ékqn@ el fph Erir- Gaveion wpgBmndk e IsH H883)¢ad
PMdd&Qb&mhﬂghggggg@qjgp%gﬂody characteristic, 253uch as

rease or the target anti té
abNieveding|thy Fg@l@??aqf thetipyenfgsal Dok 516 EIPCB\HI DNA sequences

m1cod1£<$1§clag;“(l% 1n§ﬁ@orqigﬁﬁ§15ﬁx¥01ﬁ&gt 10BSds (8b8d BpfobRdtd PNRW@ENRECan be
uencli ng antig blndlng LUman a&ﬁgﬁrdles Lokt

obtaingdfreamKabetd’ s by P G EIRCARIB LY Bfs brogntrdente

chains CROPE: a%ﬁr%é&t&dlﬁhﬁ,@né%ht ROk dflaﬁbgls&ypcﬁ@ﬁl bowed foahisgintpese,
domai n sequence( s% selected, fro %ﬂ derlyedﬂﬁ; age

includigg k6% M. 15 8h-a84 gk CORSABRERT N até PRI GERE R

obtame?l%lﬂﬁlﬁ‘& %&lﬁﬁb or aﬁnﬁﬁé:b@cm:sb edradan aenveﬂ ?mn]&tuamﬂﬂydon’mmm of
nonocl onal apti po [ n an odi e

one s % Rt TS o ARGy T SRR NG G o species

10 forn{ﬁbﬁing B@pﬁi&étsﬂ’ﬁﬂ&@bﬁﬂl n@n lelnlgh deapyiediamel/oc Hefit Nledn # oehuién the

uctiQ 0c on ant
deﬁmtla% §€ FPB’@HQ apg rhyggg naélggo ygsy us fjl 091%I %n?l?odﬂ@el\flﬁ ?g gﬂne derived
from haQdhvafidSBNA iBfedieo hungdtn cans,’canMpglgx; Ddddb forip@oding sequence(s) for all

._.human%g%r/n?l%% gﬁﬁﬁéa%('ﬁ%?%% 96(“69%4515 Ant i body Production

Ions, . 51-63 (Marce
DEﬂeleﬁﬁbodiempr.oduchaby I‘m'reldl,bran@%)ther agteralBE eynthetic)epn by of mpderate

affinity (%gu {)}o éb]{t :}6570 1(?’%\/[@ bt xffim 51 fuﬁanfi]lp(\!ﬂngg§ Bd Qinﬁcl&:ﬁ in vitro by

ransgeni (? m ce that are
constmcmtl esselentiog frpmmsenvihdaay ]ﬂgﬁ'lcs gﬁ g@@ﬂ}{]@teaetfa{l [(}994), supra. For

cxamplre %ﬁo%lcﬁr?begfl trdHAPR Lt ﬁﬂ&dnpﬁ%tﬁfbf Bink BRoraRSR %G@m@fase (reported in

ogenous I mmunogl obul i n rOdUCi?I on. For exanp

Leung eztaz hBshtieen-dede ] BaY i uhatneﬂlﬁféofﬂrmm §isths- A gl r’12601339 896
(1992) toﬂﬁ ﬂ?é}{léﬂ%% G!Pﬁ@&)éﬂ ChBE. NGO IAH IR US89 r35(7@11§8)) )

meric an erm |1 ne _nutant result CDRs,
Additigaliyp pEpiy 1nﬁ PR pagbe Bﬁ%ﬁ&b‘@’e‘ﬁ%ﬁ%ﬁ’t‘tﬁwe or more €8
using H@Rovdlﬁpﬂdn%% catyB8 $dn@6m @Jqu&ﬂaesﬂﬁmmhg EDRYdf infest, in selected

g P G ST B A GSH L DA v

1996) &%ﬂb@@ﬂm&ﬁomﬂﬁd&iﬁg rglﬁﬁgeﬁé?.aluh £0gepleneayityalegrmining region of an

JakobOV|ts et aL Acad. S¢i LS,
mununi@?ll.@g @; 1 c}}zg]p(@%vfetash &ry g 1g T\fahfam Igenes o‘iiJ A‘g’ c%%%@@fb@éh is to
recombBieUBIRARAND d6haidl sclecl¥ée ay phage ﬂlmhymth, reﬁmtoi%@ of 2803l occurring V

dOlnﬁltg‘?ﬂr‘llf?lﬁggqt%égdff{D anlﬁx%lﬁ% eoré" g’n scree dfg l%ﬂ’he?atlﬂﬂigal Iscveral rounds
of chaibRehgflibhes desuribad ﬂlrlmrmedyi mﬂgmm L&sr772783 (AP92) e histsehnique

o RS o 5P A BRSO 20 e

epltope inprinting", either, the heavy or 15 |i ght
Rzuman anti body
oﬁwr?gﬂxﬂefemgﬁggcmﬁggkﬁﬁgﬂégguﬁgs | ay technjques as
desermdiieds efwyeaaing and pisesiag thee nEIot;aéaB@dgeé preavegknown in the art
and arerﬁég&ﬁudﬁagoﬂﬁg hl %SNatﬁfe%@ 1408 (¥ '(:@75)09@ Btd@ o Of 816 567; Goding,

hunan chain scFv or b chi mera

MonocRetleuttibesfieswPrinsipasepgBreticesinl P51 PrhAraderedrsh {5367 Kozbor, 1

Immungio D350 ¢! S%HE B RHR DL, QiR oA o L PRI i 0D T ecﬁfd@ues and
wHerein t uman chain restores the antig H§MJ¥%

Applcore PUIGHGR GYeuTsshen BioVaY YoR 1 MBrPagdort
107: 2261 @@s@uﬁﬁam%h@ﬂ D chdy. hen. k4 PREYgNRSgR 6-284( 198 pAbreinaee: al.,
. fhe epitope governs (inprints) the choice of the
hunan chain partner. When {he process is repeated. in
order to replace the remaihing non-human chain, a
human anti body i s obtained (see PCT WD 93/06213
publ i shed April 1, 1993). Unllke tradltlona
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mol ecul es, of which only one has the correct

bi specific structure. The purification of the correct

nol ecul e, which is usually done by affinity

chromat ogr aphy steps, is rather cunbersonme, and the
woRh@ddeissyi el ds are low. Simlar procedures BFEFUS2006/062113

~di sclosed in WO 93/08829 publlshed May 13, 1993, and

in Traunecker et at, EMBO . 6
EMBO@A@c389m1ﬁ§5)t%e%oddm¢@"gq§?, SEioaRE Ml bl proc. Nat Acad
Sci. UsHagt: 88 185399B84)s Wi th the desired bi nd| ng

specificities ?antibody-antigen conbining sites) are

fused to i mmunogl obul i n constant domai n sequences.
Gawmﬁﬁﬁﬂ%M§i0n for exanple, is wth an i munogl obulin

heavy chain constant daomain,. i | Bast foP@htnent of
_‘,f:q,?é“ﬁ ‘éenﬁwo‘”ﬂifﬁ At b1 ﬁ?%ﬁ%ﬁb%{i%@tg%%re aulg n 0 ent o

polyubﬁlﬁiﬂﬁiihdﬂﬁftﬂﬁlsoxﬂhﬁ infvHichta ﬂaﬂal/q;.t@ﬂéqquk@g aEMmE T mpl@glpb’ﬁblqmﬁn
activitig 1&%5%@(1 %19 gxtzeaclgngalg ht ¢ %ﬂt ;i% gﬂ@ﬁﬁﬁﬁ A edbodiQrof ke MVentfRdteised to

n at st 10one of the fusions.
treat caENASIn&ﬁ@th&Ieﬂlgodnhmt,l thﬂnmnfpglyghqmpmaxﬁhm PEJyited hareja g msed to

treat m}lﬁgglgr 41%)(59@3 %ucﬁ ads th(gsg %d iy 5‘(9)9«1: ollﬂ%étﬁbr kain&hﬁméhh thcrhnua re

separ ate expression vect ors, and g\
polyubizitih nmt&ﬂespreddedﬁtmlnalreslﬁp tatiics PREeleLisH! giPrdeTn S“‘*Hﬁs ose

mdlcat%;a;%u*é | d %n - %fil%%ne%{ 8% lafi- %)61{7661duﬂm%ﬂhﬂéﬂie‘s P@vitidtherein are used

proportions of the three peptide fra
to treatiganegindBehisereln Ewothi gm,bqglﬁg% the apfa—pp]agb%{mnt qngot%ﬁﬁ glé)gqec{]herem are
u%dKﬁﬁmxgggggggmﬁggbﬁ%w%ggg in the construction provide

I mumyi el i's, howeyer,
i Tisemtquc PropaRof e SR GRALHEILIE SRERAE © ‘@erm‘é“r"‘F"’%l kg e

parttcuﬂsﬂg }ﬂ&%ﬁtfér%%nﬁ%hﬁ? bbtRcNBTEN [}@ﬁasﬂﬁlfbd\f@mt of polyhubiquitin & a
ressi on of at

east t wo e t|d chw
cellulapsyphem VitpYtESOTIES i1 LRDFHHIH ﬂﬁﬁ ’§Py oo ?t}?n%f biophysical
methon% dh%% naﬁsesp&fuoﬁ@mp ame hﬁub(ﬁyubs;ugmuaﬁmuoanw' thel inveptien can ‘be used to

odi ment of thi's._appfoac the
charac‘@ﬁ:fq thenetion(s) gad ag) EE%SPBCFEG’ ly%lneb 8§ ‘Qomﬁqgﬁﬁs l%oth in vitro and in
vivo, THE MY pSIaicitii ahﬁboaxeé bt inlpénitichi vy aSp boiskd to clevnmne @m wle of

arm and a bri.d oal o | !

specifig lyginer hblfﬁ Ipo&%l}\ n?%:u g vg 0 1?1&1 a%} Iﬁ‘g‘g%’g%sp‘g?%?{é& '{T&)ﬁhﬂ
yubﬁc[ﬁltinl’hﬁulﬂidfb@ bf tA¢ mvenkibn vauftouimbsehatren Ieiseasesdy Frivish pRccoT more

speaﬁB yé%gmq%@o@%l t’ at abé&%ﬂ%%ﬁtﬁ%& bloﬂe@JnM' ﬁﬁctﬂ)%ﬁxlcr F@out

SURE T om u i mmunog! ohul |
mterfeﬁi@wm e nbimbtciidyf pelgutiqwiting e gdvrbdhegptigplyubiquitin iantibodies are

qgunoglobulln light chain in only one half of the
0t SP§5€peci fi ¢ nol ecul e provides for a facile

of '
semn'abn aspect, Fhainuti-agprimitin angbodies ef BEBEETT s sy as reagents for
etectlBﬁi % 1%0??%011 otl}fug%;éﬁﬁ b %@élﬁé ﬁn@ﬁnkggé@ %@H dsd@ection of polyublqumn

or exanp 25Sur
in variads.cgll iptdrod sissues, Eglz@m@th@ ég,termj_@ilox?q_f@otyf 3185111 (lIIenmty ang dlstnbutlon
b (L OnLANQE bl ARRY @A Gdtind Ried AtiRSfracee beimuerof
H“wngqg%wg 0 dantlbg%y n%lecules can be engineered to
polyutiquxtingi ze t he percentage of heterodi ners which are

FReQY A fspamuisrQeR laR@ Py @duitircintibddics are Tkedul for the development )

i nt'erface conprises at | east a art, of .t he
of polgjb1qgmngpipgqy§g&n@m§ ch?tﬁ wnlﬁfo those f%%uﬂgd?%tﬁodles

of the MvelTBh CF S Rrhp1 @ Bt R 4R it d Dogebiquitii apsbddice nfﬂhhetvennon can be used

to deta:ng%g iﬁ;@éf?%% %dtlep' ggté)lé)fr;h%éﬁhaaf tagenb g?%aén%giﬁg h%ﬁe#l )})%g/% iffuitin bmdmg
characﬁe'h){tﬁ{s @ﬂbé‘:l'l:)apabﬁﬂammhﬂg K48-hﬂ{bﬂtpo]¢sbiq1min—mqhqﬁc§d I@ﬁ‘l""aﬁr
ar_s

arge ,si o d
simitigh, SHE P Bvab oy RSB RT Rlrphn B o lodRefthne an
1dent1f§f%ﬂieﬂﬁiul3@d1és&]i@ eava fiienemakhtHisked polgtaquis hmchr;g charadterisfics and/or

t hreo provi des a
Capabﬁll%%‘ﬁ’g&iﬁ% P %?361 E‘?‘F&&B%\gubmbmt rgéd)?/?qgequmfa §t he het er odi ner
over other unwanted end-products such as honodi ners.
35Bi speci fic antibodi es i ndTude cross-Ilinked or
"het eroconj ugat e” anti bodi es. For exanple, one of the
anti bodies in the heteroconjugate can be coupled to
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20over expressing the HER2 receptor and normal human T
cells, as well as trigger the Iytic activity of human
‘cytotoxic | ynphocyt es agai nst human breast tunor
targets. Vari ous .techni ques for making and
wa @0l/e2033g bi specific antibody fragments di r GWYS2PRHARILLS
" reconbinant cell culture have al so been descri bed.

T EXRIRL e SRS LA R S8 AV RS oL RSBy

[ r ni nunol
other aﬂtzﬂ-ﬁcﬁlﬁ)blcﬁﬁﬂlhlﬁlﬁﬂﬁs @hh@lﬁﬂ) SubS'ﬂléla]heth@ $a|q@ a@@mg 'getprmmant(s) of

polyubfqﬁﬁltn f—%ﬁ% ant{bg r?est Qx%mg ed %ng %Putﬂﬁ%hﬁﬁd Yz\ﬁ{fﬁmlat'ld'ﬁgfeglt(gp@s

I"ons erent anti bodi es bX ene
, fmuwmpomqmarmb@yeshﬁﬂmmvw@m cypieaisqddnlprsd besed phige

physwP) %1g%$f1tli]%9§sﬁl?wggla g&%&ﬁd&gﬁqg@{ﬁv&@ 528 Bor rsﬁal@fﬁb WAL tabSnists of

odil ner s his nmet hod can al so
polyubigeitintixtige of Beretshesifisripinsdinkegss whichypitl bl similar pharmacological

bReSkingih ok RBLISiIgETih Rethe Mo
effectsEﬁ[m;’c%nggﬂr él%d-ﬁa £ofld (?'OC in g,eﬁélﬁgad%%g gld g B gfMbse one or

more [gie G2kpges E@Bex@mgbeif%laéww%mba@&mawmaw i o i targeed
proteasgﬁ&ln@gﬂa%bfl Of ceRiK bfb&u{% Q&b sapg,e Q‘Ehfail st aargcﬁelawmsf T536HTES3($989);:

Filey engy Ml ci it B3 IS IR VL Rl Boaioar P OLG0e):

thus ang}i@@ Hok &Ky upld b ahtﬁm&@.ﬂ:n@'libﬁisedlﬂ s@bdnOW 1¢ih’ﬁt1fyl sigll molecule
bet ween the two donmai ns

atagorg. g PSSR TG O Rt T P sprvsrie
acnwtﬁff%né & ﬁ{ﬁgp&@mﬁlagnfall\fﬁoﬂdaulb bﬁa@ﬁmﬁ hetie Elttlaityoi\ﬂle md@mﬁnked '

domai n f anothe r 1
s gl A e, SRR o S B Eh Wi
known d &ﬂﬁﬁl\fetl@n ]aNAIrE{ﬂd')(seﬁ: re@ﬁ’aﬂ{m alladeslnmnuém'r @¥pin. Chem. Biol. 8: 610-

616 (Zq%g)étﬂng gllgtp éi‘ég%ﬁfﬁ%s @?Om%oﬁ_%l §%£Q§§@ ém?%_oglgz a DNA
tepair phtiiial ﬁﬂ? BSCGMﬁai‘td twthe adtivanoft ono ovadre pefrtisl wrall molecule antaC’OﬂlstS
of K637 gmﬂ%}e Do F;rur 1881 tg%t sgﬁgﬁﬁAﬁapa'rr ht‘ﬁ@r%s: %u%gar@nin' aQ@cgér %)?anﬁ)?é" K63-
linked MATRBATM 190884 RORFHLSIGI &1 HeRains of\ﬁcﬁw hsaélle%wtl’aﬂﬂnson s disease (see,

eg. Ll L 9%8%?05%1 %5&%) df()(ﬁlbl (E(')U“ﬁ@oﬁﬁtthlﬂﬁﬁe' LY oFRYi-K83-linked

Intenalize or catabolized) fastér than a
polyubbluma ketitodigntoieepizsyheaformstipn ehlsia defipgnayPeaprpeo it activity
of one Wb &H R&t&ﬁmﬁ%aﬁl%cﬁ Mmtsﬂf' & 68Mhik Ay BSiqBtin hRMagonizing the

preseht binvention can be nultival ent anti bodies
formatioppf Jedtwydiodiest her than of the 1gMclass) with three or

r@&l@xgﬁgﬁ 619:)@1(81(\%2%&5@1& bigﬂfe a(:lﬂ(ej@ld uéifd fogM:&| skiff in the art, inchuding
ant | bodil es | C can e readl raau

those 4GB TR b RIS B AT O HFRE Bt St g dreres o
binder ROIYRGPrhele nichdiNse abil-tirdLgRl byt The nul tiv aI ent

tibod d
SR AR RN R IR M

libraric§l @/5Biebn £ Emfﬂeﬁ@ﬁm()&fy PBSWish &c dés)md dogvityeor actphties. ]amtrlﬁcaplc
B CTINTR N ETTNE EOMEN T TENCT
varmus@a&ﬁeﬁﬂ bff @&bbdblvaﬁhbltegregoﬁ @s) fasddriopliage matpbteing Stdhaphfs libraries
are pang ra{fl%rgtlgn P:%}n%to%agl%g ?t_bsamgol[]Eﬂ} (ﬁ%umﬂl aﬁ%ﬁl ?ﬂhesaeﬁéljesgﬁd Yv fragments

con
capableedf dbuidlrgltcgimh desired frgagen @6 adsgréﬁd 1lg|ﬂmﬁnng:n§p@ thys seated from the non-

‘bindin IT(H ncs queee[g)emrg hﬁnpl%? LR 51‘@ ’al%n @futeld %ﬁltthé]«ﬁﬁoen and can be further

arn Of exa pol ypepti de
enriched ﬂ}a mlrkt)qnal/wyelpeeq)ﬁ'antlm a@@mﬂg ]ptl@:e Pgﬁé)'f the giyti- B@Yﬁ?ﬂug’@ antibodies
o 17 oceli® to select for the
R oM e
phage clayiBe {ukpyshfolipged W@ﬁ%ﬁuﬁw@f@iﬂh lgnggh ppimnetyukigyitingtigody clone
using tﬂ%@m&pﬁoh%@plﬁ%@&{é of Rlidr@blR sﬁﬁ@iﬁﬁ'cﬂmstaﬁﬁrehﬁu Q@dsequences
pol ptide chai'n an Pc region, X1 and
represent an am no acid or pol ypepti de, and nis 0 or
1. For instance, the pol yg¥pti de chain(s) may
conprise: VH CHl-flexible Iinker-VH CHl-Fc region
chain; or VH CHl- VH CHl-Fc region chain. The
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WD 20071120334PCT1US20061062115 are identified (e.qg.,

charged residues such as arg, asp, his, lys, and glu)

and repl aced by a neutral or negatively char ged arri no.

acid (e.g., alanine or polyalanine) to affect -
woi 0é7nessi on of the amino acids with antigen. C'T"ﬂ@%@@m“z”"

am no acid | ocations denonstrating functional

SenS|t|V|t to the .suhsti t.uti {
desribp RIS g G ERGY o By LA A PR e I

PublicaSibh €153220, IRsshBtNID (1990 volT Atss Seqvsd RCT Pb. gf,qoylg%,l,ﬁ and
i ntyoduci.ng an ami no aci d sequence variation is
refere’nbfisé’é"éltﬂé‘?ﬂ]ilned the nature of the nutation per se need
Miabndxentotietset amnpommqumo prtibpdippifehe ipvsntgmarpenopiqaal. Also

rfo tﬁa ce.of L oft ﬂl%ﬂ/% ol Qre%mf%dﬂfrﬁ(f@&nﬁ lsbcBras 8AHAFab', Fab'-SH and

encomlgaésﬁﬁﬂ’? 5r°Pandom mit agenesi s 1.5 .conduct ed a

" F(ab"), fragrapats, mﬂdmﬂgns tharepifonf t@@hpﬁ@u@% baglies prowdeé L]crem These

anﬁbodgrg{"g#nqgr%l ol g\n‘{n catcdl gﬁnaaﬁﬁﬂf)ﬁ:ﬁ ReshsfQén dske-eRad dhg&itlon, or may be

sequence i nsertions, .ing x\
genemﬁﬁbmson@mnﬁwheﬂﬂﬁo )‘(;y(ph_ antbody FagmGIyyPe "’Pﬁﬁa‘f gmfhet

| humasz(i1 e[rlll%% Iﬁg&lﬁ&ﬁ@ QDG FE R %%xﬂeﬁm@ﬁ’thb’@l@@bhﬂﬁﬁld elppdpadtivipngposes set

nore residues, as well as intrasequence
forth héreiger ti ons. of single or mul ti pl e am no -aci d residues.

%&;}B@bﬁﬁ oRfbolied &k BabbthiRsEFdnt Ofsuiatal sfdebsantidlyhbiooghyieous
an N-term nal nethion I resi due or. ttgle

a
stibodfseiog e GhBr iG] BB FPRIASET BRV SRy OTREU B P
natm*al}ﬁz%m&nﬁnomaﬁﬁﬁyl Hé@d:)éermiﬂ i oH afmoinne | Thohg thdveodifigi on

he 'N- or C—termnus the anti bod
monoglenst ndigies ROEPTICE T B BB BB P HE A Lo, Fag R BB

S WAt duitin théhoBlondl bﬁlbad!ibs dfdehyinveAtmtcaebe ydsarsipg a varicty of

variant Is subs S
metiody gheraip ety BIEORS D8 OGRS Brp R gL Rt G Rature
256:498 WQUQO&i')élt&ﬁitﬁrelyltI&:yrnﬁplbamdb tiyyrea@nipirfftd Nk metheds (ggel- 5. Patent

Ites of greatest interest for substitutional
No. “ﬂﬁ’?géenesn s include the hypervariable regions, but FR
alterations are also contenpl ated. Conservative

VectorS GstdellsgridResombisant Mathads n Tabl e A under the headi ng
of "preferred 20substitutions”. |If such st bstl ut:i

r Es odcbmbinana proftige of av aniikidy §f Bainvenden, 6‘?%‘390 cif ped c‘f?B&‘Eg itis

i 2 G @&%:Sv Qﬁf&@ﬂinﬁ&tcﬁﬁmg X@IRELAToN of the DNA) or for
ISOIateé&Eﬁ%%q%it | or?séb@l b urt her describ

exprestia, GRIA opgngiie AR é??ﬁilﬁbm‘éﬁiﬁﬁa“élsg%‘g%c§d “%%gy""s"en onal
proccdg{gg g%d 'ﬂ? ﬁ%gﬁ?gagﬁgi)g&e%&&ﬁ &a@i iﬁt?ftﬁdtil)f;ﬁrl]ﬁsﬁﬁ%@e&eﬁcaﬂy q;;o genes
B e r e e e R R e
vector @zg%nds%?&nlomhé\ﬂbs(d&l tbisedliEsoist o@ﬂmclhgtsbutércgloﬁmmtng@ cells of
either érol%aryoﬁc or eukaryotic (generally mammalian) origin. It will be appreciated that constant
regions of any 1sotype can be used for this purpose, inchading IgQ, IgM, IgA, IgD, and IgE constant

regions, and that such constant regions can be obtained from any human or animal species.

Generating Antibodies Using Prokaryotic Host Celis
Vector Construction

Polynucleotide sequences encoding polypeptide components of the antibody of the invention
can be obtained using standard recombinant techniques. Desired polynucleotide sequences may be
isolated and sequenced from antibody producing cells such as hybridoma cells. Alternatively,

polynucleotides can be synthesized using nucleotide synthesizer or PCR techniques. Once obtained,

49
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Qu (B) Asp; dn Asp Ay (G Ala Ala H's (H M;

Gn; Lys; My Arg WO 2007/ 120334PCT/ US2006/ 062115
Oiginal Residue Exenplary Substitutions Preferred

weastwest i ons Ile (1) Leu; Val; Met; Al a; PhRET/US2006/062115

- Norleucine Leo Leu (L) Norleucine; Ile; Val; Met; -

Al a; Pf . . . . .
sequences éncocﬂneg tfu! p%lypepndes are inserted into a recombinant vector capable of replicating and

; Asn Qu Cys (C) Ser, Ala Ser Gn (Q Asn; GQu M

expressing heterologous polynucleotides in prokaryotic hosts. Many vectors that are available and

known in the art can be used for the purpose of the present invention. Selection of an appropriate

- vector will depend mainly on the size of the nucleic acids to be inserted into the vector and the

particular host cell to be transformed with the vector. Each vector contains varlous components,
depending on its function (amplification or expression of heterologous polynuclcoﬁde, or both) and its
compatibility with the particular host cell in which it resides. The vector componé’nts generally
include, but are not limited to: an origin of replication, a selection marker gene, a promoter, a
ribosome binding sﬁe (RBS), a signal sequence, the heterologous nucleic acid insert and 2
transcription termination sequence.

‘ In general, plasmid vectors containing replicon and control sequences which are derived from
species compatible with the host cell are used in connection with these hosts. The vector ordinarily
carries a replication site, as well as marking sequences which are capable of providing phenotypic
selection in transformed cells. F orrexample, E. coli is typically tra:nsformed using pBR322, a plasmid
derived from an E. coli species. pBR322 contains genes encoding ampiciltin (Amp) and tetracycline
(Tet) resistance and thus provides casy means for identifying transformed cells. pBR322, its
derivatives, or other microbial plasmids or bacteriophage may also contain, or be modified to contain,
promoters which can be used by the microbial org.a-nis'z‘n for expression of endogenous proteins.
Examples of pBR322 derivatives ﬁsed for expression of particular antibodies are described in detail in
Carter et al., U.S. Patent No. 5,648,237,

In addition, phage vectors containing replicbn and control sequences that are compatible with

the host microorganism can be used as transforming vectors il connection with these hosts. For

* example, bacteriophage sach as AGEM.TM.-11 may be utilized in making a recombinant vector

which can be used to transform susceptible host cells such as E. coli LE392.

The expression vector of the invention may comprise two or more promoter-cistron pairs,
encoding each of the polypeptide components. A promoter is an untranstated regulatory sequence
located upstream (57) to a cistron that modulates its expression, Prokaryotic promoters typically fall
into two classes, inducible and constitutive. Inducible promoter is a promoter that initiates increased
levels of transcription of the cistron under its control in response to changes in the culture condition,
e.g. the presence or absence of a nutrient ot a change in temperature.

" A large number of promoters recognized by a variety of potential host cells are well known.
The selected promoter can be operably linked to cistron DNA encoding the light or heavy chain by 7
removing the promoter from the source DNA via restriction enzyme digestion and inserting the
isolated promoter sequence into the vector of the invention. Both the native promoter sequence and
many heterologous promoters may be used to direct amplification and/or expression of the target

genes. In some embodiments, heterologous promoters are utilized, as they generally permit greater
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Lys (K) Arg; Gn; Asn My Met' (M Leu; Phe; Ile Leo
Phe (F) Tip; Leu; Val; Ile; Ma; Tyr Tyr Pro (P) Ala
Ala Set (S) Thr Thr Thr (T) Val; Ser Ser Trp (W Tyr;
Phe Tyr Tyr (Y) Trp; Phe; Thr; Ser Phe Val (V) -, Ile;
wd-BdinXgis; Phe; Ala; Norleucine Leu PCT/US2006/062115
Subst antial nodifications i'n the blologlcal
roperties of the antibody are acco he
anserge S T SIE S e Dy P B ey P ypepide

Pﬂmmkpﬁlr effgctbonkgalntalnlng (a) the structure of the
po ypepti de backbone in the_ area ubstitu n,
Bpomeibpiible TS0 bR AT B BT AT, 5

galacta('fgge B @ac&‘) r&ﬁot@xrsyﬁé‘lﬂsr Q Bﬁﬁ@élﬁh o) ﬁlfoni)f&%y@ﬁh&ﬁw hbridipromoters
he target site, or e bulk of the. sid

such s Ho0HDA aepimyich @@’\‘%ﬁp@ﬁ“&ﬁ‘?&‘%ﬁ bilc} SRR By eh 5

other kSl BteREIQPFIkaké SdmBlers) A€ blEItaﬁlb deweh a]l'lﬁﬁ nﬁdld’d)n&e sehnences have been
Lehni nger, 1n Blochem str

publls%rt{lqﬁebpsﬁng%gl%i‘.lgﬂedWW b yfg %gz)te)- T.hem td 01&%115 enco dmg’ the target
light and heavy chains (Siebenlist et al. (1980) Cell 20 269) using linkers or adaptors to supply any

required restriction sites.

In one aspect of the invcnﬁon, each cistron within the recombinant vector comprises a
secretion signal sequence component that directs translocation of the expressed polypeptides across a
membrane. In general, the signal sequence may be a component of the vector, or it may be a part of
the target polypeptide DNA that is inserted into fhe-vector. The signal sequence selected for the
purpose of this invention should be one that is recognized and processed (1.e. cleaved by a signal
peptidase) by the host cell. For ijrokaryotic host cells that do not recognize and process the signal
sequences native to the heterologoﬁs polypeptides, the signal sequence is substituted by a prokaryotic
signal sequence selected, for example, from the group consisting of the alkaline phosphatase,

penicillinase, Tpp, or heat-stable enterotoxin IT (STI) leaders, LamB, Phol, PelB, OmpA and MBP.

In one embodiment of the invention, the signal sequences used in both cistrons of the expression

system are STTI signal sequences or variants thereof.

Tn another aspect, the production of the immunoglobulins according to the invention can
oceur in the cytoplasm of the host cell, and therefore does not require the presence of secretion signal
sequences withiin each cistron. In that fegard, immumoglobulin light and heavy chains are expressed,
folded and assembled to form functional immumnoglobulins Wﬁﬂ}iﬁ%&écytopi_@m. Certain host strains
(e.g., the E. coli rxB strains) provide cytoplasm conditions that are favorable for disulfide bond
formation, thereby permitting proper folding and assembly of expreséed protein subunits. Pfoba and

Pluckthun Gene, 159:203 (1995).

Antibodies of the invention can also be produced by using an expression system in which the
guantitative ratio of expressed polypeptide components can be modulated in order to maximize the
yield of secreted and properly assembled antibodies of the invention. Such modulation is '
accomplished at Jeast in part by simultaneously modulating translational strengthé for the polypeptide

components.

One technique for modulating translational strength is disclosed in Simmons et al., U.S. Pat.
No. 5,840,523, It utilizes variants of the translational initiation region (TTR) within a cistron. Fora

given TIR, a series of amino acid or nucleic acid sequence variants can be created with a range of

5



10

15

290

25

30

35

(1) non-polar: Ala (A, Val (V), Leu (L), Ile (1),
Pro (P), Phe (F), Tip (W, Mt (M (2)
“uncharged polar: dy (@, Ser (S), Thr M Cys (O,
Tyr (Y), M (N, dn (Q 10(3) acidic: Asp (D), GQu .
W((EW@M:)Mbasi c: Lys (K, Arg (R, His( H) (PC)T’IU52006/062113 A
AI ternatively, naturally occurring residues may be
ded i n & SbR2afa@iRs factor for th
A AT i e
desuempressmmvel dfehe sm@)chmeuIIManﬁwa@bﬁsqnprewd @%OHV@@PM
mutageci%ls t &@{qge@ ﬂ%’t result in codon changés%)m@&lalgélfér thé‘é.\jﬂmp éﬁé}lbl equence. In
certaintehhodimerfty, geamess Httharlwkl@ﬁgf‘éﬁﬁ"&flqe&ﬁ silegty Agt?*?‘&)‘ms i the T1R can
LilCrtion iR the WMfaber BF & 28 ShMQDalgamo sequences, along with
mc}ude( g%%E%SEPd%1USZSO6fO%O fﬁem conser vat | v
alteratignstis thie 5ignd! sragonRp-| PnsgRethnd IoneRPITG W&ma“%ﬂs&ﬂ

generaﬁ’(fn JrheSRoEhAREE helRENBAOSMRbAiRE @&&nceﬁhﬁﬂo&ubﬁdhhﬁga&lﬁﬁimmo
resi dues al so may be i.ntroduced P’éfﬁra t.he onservaged\%e

scid segagpen g1 RIS SFS (1 B HESSR Fios PR i g O sccompis

- changihdYROME Hﬁéoﬁ&@osﬁibﬁ 6fScactAd@or; Yktionllys stnstaintinit dc@inatich as leucine,

vari ant involves substitut
serine, RRAASERIRF- P %ul?@@f%ﬁhmgf@&%wg%“’%%%&g "a“g?% Somplesity fo aking the
bank. s ﬁletﬁo@mmgéﬁe@ls@debﬁﬂmnaﬁgﬂ ?@Ch;asf)ura @ﬁh ewgz)wfmcms* A
“resulting, variant ected for further devel opnent
Comp%ﬂ’mfofﬁg{rgd %‘é?zf’f’%ldjisel gls i mpr oved) bi ol og| cal
t | t [
P OB LT Bt Sl L R B AL BN i i

veni ent way for generating
cistronS$htedin, SIHislhmtedisu@mﬁdewacqnmatl@n |0ﬁwt899€'@1 Igfefsi o pach chain as well as

the y1eﬁ3% glfb af sueg %1’#%0%9&1@8 Gnddt & TIR%&&&?H‘] HmbRENRE AR strengths

Ion sites (e. SlteS ar-e
can be rmmwd bsf quagtifyrgaheecxpiebsiqndes cn‘ A @CDAT$T FE0AE |d@ﬁcﬂbed indetailin |

Slmmons & ) LUt o b ONg, 51 Qﬂ)t ﬁaﬁ e§ bt fe h&ﬂfﬂﬁ@ﬁt ithadh Sé?mﬂaﬂétﬁ the desired

erated are di Sp fromfil ament ous

mdmdpd ﬂﬁlita:aresﬂeawd faks cewbmf:cbméhc W‘@S@%‘m peater Calfsﬁa%%é‘gﬁ’em%caa?n
protein the gene 111 p ct of ML3) pa ged
P rekevotie ot S PHREIe dor STTTES B8 RO B Y TG

Archae@ﬁc@egfa%@&?%&%@i‘t S6bh WO Grabektive |oﬂGﬁ@L@ahvfaﬁmmd sy Ee@npdes of
bi ndi ng a I Nl n.or

wseful bagiHp 1o BT &5 ﬁy’fxé’?@aﬁ?"gh%eeg R A DRSS

Pscuddiehsish&ads (@8, P. S.Sr@fiﬁd)sﬁg Sﬂmbﬂg}& r;@hmn(m sgmuaadnamsms Klebsiclla,
scanni n

. Proteusy §Fﬂyﬁ@r %%q%é%Vgrelogzg S rareag?calbs s %n %ng ﬁ: fb (%un?nt,r%am-nevauvc cells are

used. Bio@ekhbd@ant, \E. £ cahd argmad i hrostts g theﬁmmquaﬁpcmlgs of §rcoli strains

mclud%%%@b&?ﬂ@lﬂ%%w HPalg ?ulglkl)‘ eﬁ%mo: :ie éulﬁ IB?(!IO%[O‘BO@ g’a(l\?\y erlf( DtCO

Ameridal 8Bdibtl YorMﬁththongdBW),SppbﬂﬂQﬂéW M@Cé)wosmdﬁy Z’éﬁﬂﬁ) and

cont I 8
s S S S 255 L G300, oAV s
Aomp TAGEAPRIfEpER s'egmm (.St Pre I\ér 6,,639 @év Lﬁaﬂaﬁgmm’é iervatiots thoreof,

~ such as(%gopg%t(?ﬂ‘éﬁe_{} , E. co?% J%UC% é39§3e7) %@E@lg ed,

Yants i s su ect d to screening
RV3082@1DS¢E ng60%etnisq m@bk‘n Dlnse mrrlphe arg ilfustrdtive rather thep KRGES
escribed. her el n B SRcntibied bRREHaPhg defined
Me“h"g‘ %r conqmmn ({r‘?%éartll’é’esgorq rﬁ“gﬁe?deﬁ‘yeva‘m assays rrgy S
genoqrsﬁla&admd’nilnhe fryandiiescribieshin fonpremple. jaes < plo Paxleips. & 509-314 (1990).
A o tAabESE ﬁﬁﬁ:oﬁsﬁt[elra’%aﬁﬁ fepﬁcfabﬂlty of the
tis o< U S SO0 BRI s Varmety<of methods
replicok frotlve cdlk of heackripm. Fhresempieghets SR 6Y é‘fﬂmB%& la éﬁﬁéle%%’f‘ ©
sultabl%h ‘?‘ e hht whéﬁkaih%nfaraﬁﬁiﬁﬁsueﬁastﬂM32§ QBREES, pm:tfbm or
nat ur al occurring am no acid sequenc ¢
pKN4 \agrg @ﬁ‘g@ E’)SUEP(lY %p Eerggqao&t i Bjﬁcally the host cell should secrete mmnnal amounts o
25by- ol i gonucl eoti de-nmedi ated (or site-directed)
mut agene5| s, PCR nut agen631s and cassette -
mut agenesi s of an earlier Dp"repared variant or a
non-vari ant version of the antibody. It may be
desli [_abl eto i nt roduge one or nore a_rri no aci d'
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i ncluding that of a hinge cysteine. In

accordance with this description and the teachi ngs of

the art, it is contenplated that in some enbodi nents,

an anti body of the invention may conprise one or nore
wodobBI8sisons as conpared to the wild type colrfiTEVaec062115

anti body, e.g. in the Fe region. These antibodies

woul d nonet hel ess, retain subst
prorcol R ST MU PE T O Ay Pt Rl e cetl
cultureCOnpared to their wld type counterpart For exanple

it is thought that certain alterations can be nade in

the Fe region that WD 2007/120334PCT1US2006/ 062115
Amﬂm@ﬂﬂbﬁmnesult in altered (i.e., either inproved or

eq%ﬂpfle bd in

%?St %ells Ei %r%ﬁ%m s gb(% ‘ﬁ/e&ﬁlés cri b%iozlﬁ?l P%Ctﬁgg?g%gﬂ '

converBe! mlxtsm qu;@ md@eWsrweqopmim for mdgiz pragep s¢lqugg fransformants,

or amphjﬁ?l%?jﬁ%&g%l%ﬁhe%grﬁg&ueﬁéess Pat ent No. 5,624, 821;

oncerni ng ot her exanples of Fc region

\a/l'%t%):lsg(ﬁgﬁnon means inkrSHuSRE DRAPBG the fril@ryofy R do@kut P ON RS

Ies conprising nodifications in the interfac
seplical, ey {HEpR T CRSOTE FSFIES R BY EEmeREmF P gRE: Biepdigon e

‘Thost ceil e anRdifotkAibh AMBnd @Giglstahdth @teaEuey applopiand @ such cells. The

het er odi meri zati on. These nodl i ca S. C
calciury. e DR TP BT I it e %t%%‘)aﬁ]ﬁ@te?@n% A contaln
substar@i@j ENSRIILEBieRN Ansth&awitoy fhrfadsforma@ampldys polyethylene

tide, wherein the protuberance is positionable
leCOVBM%ﬁ & aRpfiey tegpige vged | ?l%ﬁrﬁ? eaqjgorrpl exi ng of the

first and second media
H%F%F?ﬁﬁffﬁgﬁ? gﬂggg%ﬁﬂg éggkﬁ% i %ca %ﬁgnaﬁg knowm

' m the d@WBnitable fdieularrs of the syiepteébosd@éle.r Flaogles nf suiitgdle rpegia inplgde turia

broth ({?ﬁ)ep 1ﬁg%§ﬁ%$en9§upgﬂem%t &8 some embohf?neﬂ'@ %chrﬁgdl@zﬁ&%hmm a B

PT OVFtdes | rmunocon] ugat es’,” or
sclecn(ai’ﬁgblb,ﬁﬁyseﬂ basgd aothp ugpatngsiof AiHE) eXpwmwcsipm@ sglfctively permit
u FEO&! added to
growth oﬁ g% é/tlc "Oﬁguct”?%mag tﬁeoexﬁre@étn%mg i O\%ﬂﬁl?]lé réﬁ{rﬂ]:leglﬁltl gr g
nmmaﬁggmmﬁhGﬁt@%ﬂﬂt@eegﬂmwéhr@ﬁﬁwﬁ&?ﬁcaIIy active toxin
: of bacterial, fungal, plant, 15or aninmal orig or
anglrrewsaE;y supplemetty bestes @rboad%%&%ﬂa@%@@@%ﬂ@%ﬂ*@éme mzy:

also be 19(9&&& ?ﬁa@g concentraﬁonﬂil%o&l&@d Qéne&mﬂ hd ebt@ﬁtbrdihuganother
conjugates

& or the | ocal deliver 1?ﬁ%& Xi C oh
supplement osmediine sy eht sommlexdnitrogen uIrge, P‘P Ppgm may
contairl IR mER I Bicin aéelﬂﬁ sélE R FRDihe glfouﬁ ajﬁﬁlatng(oﬁglﬁiaMG,aydeme

Epenet os (199 Antlcangﬁﬂ%? ‘ngh 19: 605- 614;

cystammefztmoebfeft}laeu%izoeaﬁ‘a“—@ﬁ? 1¥97) Adv. Drg Del.

Rev. 26:151- 1 atent, 4,975 78) -
tytegvés?l@afoa%tqswﬁwsﬁt%%%w b‘ﬁ%ﬁ“@t"%[ ur?of"s TeoRg for
exampie b REQkbud Ak bR fekETh @l ihelidihd) Bﬁt&bﬁ;mlwﬁm’ ebc&yﬁl" € gbout

m ni stration of these uncon
39°C, feBBC It oOHdEa PR Fet S0 6 SPoRR oot b A8 fs T rneine
from aﬁtﬁllt k& a%%ut\@eh eﬁﬁngtrﬂtﬁnlp G h6& ol etniS®UBMHE. kdd, the pH can be from

't m nat ed ga dwin et al., (1986) Lancet pp. (Mar. :

ﬂmuumsma@gggf-@@@mggo Thorpe, (1985) "Antibody Carriers
I\B i mtdg%tg{é Ip]%ﬁlp egga]?eélsm C%Q}%%rsg%lr 8%([0%%?{112\}%5%0}] r?1'()1:5111 eﬂ)ressmn
is induéNARINiG AbAdRVBs su?tablE’lfcﬁ] @Heeréyadibn aflthe [fredotd) In @ye.aspect of the invention,

PhoA éégér%gﬁ c%q%%?é:ycon %a&so/r%alﬂgrh otﬂhc B0 ?}rp%lélest %c&lgﬁaxlyltﬁé S

trans foRBIAR k1B arﬁdfiﬂtluhﬂﬁh eﬁnok;ﬁme -limgene meipor foethdaggionskefont i n

embod{n?e ﬁﬁ}?&%ospflﬁ% gth%gslgé.}’) m&%ﬁ@ gée ggggﬁ{mons etal, ]

t hese net hods |nclude daunonyci n, doxor ubi cin,

nmet hotrexate, and vi ndesi ne (Rowl and et al., (1986)
supra). Toxins used in antibody-toxin.conjugates

i ncl ude bacterial toxins s¥ch as di phtheria toxin,
pl ant toxins such as richt, small nolecul e toxins
such as geldanany0|n (Nhndler et al (2000) Jour. of
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CD33 anti body Iinked to calicheam cin, was approved

in 2000 for the treatnent of acute nyel oid | eukem a

by injection (Drugs of the Future (2000) 25(7):686; .

U S. Patent Nos. 4970198; 5079233; 5585089; 40: <

WEBOBReR: 5739116; 5767285; 5773001). Cant uzﬁﬁg‘%‘"’%’“m”

nmertansi ne (I munogen, Inc.), an antibody drug

CPMHIA! chg9f A DGicHUEAS ianbdrbagybd se esboning to the
ﬁm”w?ﬁgkﬁggéﬁ%?gg@fﬁﬁke?f158P89to t he maytansi noi d drug
vector papstateysmpbived, o & kpest mdha®r t he treat ment of cancers

t hat express CanAg, such as colon, pancreatic

gaong frebodimsat, e EMassCAONPErtige of RACIPTSTRn Ry FTFIeR Afe fperetgipto and

recovelRl ARG R riph TR IRARE: de S JProt@iA rediMethoghyalig invgveodijruga ehe
conposed of the anti-prostat cific. ran

peci fi nb are
microcegp PR FRBE] SATo Rt Boay HRRES T 0 LRSS ™
disrupt@@)f&?&ﬁﬁmiv@oﬁ M0 iR bR kdimovEMYy, cehisififgetdimend fiftmfiort. Highe proteins may

otential treatnent. of prostate tunors. Tk e
v bl o AL P TRl i v cnte
transpdPRA SERh O Bl icGiaabd BoledfvihErein. St thatliegeranafl g thsfeulture and

dol astatin, . e gonj ugat ec [ i d :
el el LA LT B
producad ArHe APréhddpoRpérftides dan bODBEEr gralatvd pad igbuidip & eging commonty known
| 'i.gnanci es) .( Doroni.n . av.
metho B s RGP R e T AR AT SRRIA assay
t her apeuti g, devel. : . Y 5
- BERERRE e R BHOR TRoay produeath® 8?*3?‘?%‘?% L foROPR)
fermerghEis prodred Vreives largé-adbatnfed-bantfornentetienaIrgsy %Estai“iﬁé’ai@ﬁ fs
nd fr ar i USRGt leite | pida; f capacity,
produciff el AP Bl T Elee L o K e o
for exattipfehabére f 080 tod 29,900 litsee pEBRPIFTIA 'glﬁ’é‘f ﬁﬁﬂ’e@%%ﬂsgg%@% fRsaes to

istri ' iedtd, Ggle o (2 BtFihéh Artohhdigy SFRLEC Simall Acale
dlsmb%ﬁgylgfg%ﬂlaglp triedtd, Qﬁ;ﬂ%mﬁl%’h‘i‘eﬂo > (2 T gy g

] , pha-sarcin, Aleurites fqrdiji rotﬁins imately 100
fermengitiamtefryEeperaliye AETETBHIPD Gt AR RIE FELA AR MR GRAg RO mately |
tites 1§ PAABhotsiPARE ty, ;A0 GnRARe Bhm BRIV eboRaLANtis2
I nhibitor, curcin, crorin, sapaonaria officinalis
| i e ionGRdcoR] Mdudivit Sfpedthih Bxpressist isitpically mjtiated after the cells

phenonycin, . 30 en cin,.and the trj 2C 1
heve LRGP SHSb3 SN FGHER DIPBer o af OPGe T R 186920, a
which Madel thd dél1Ddre nakt @rty ehiidesy phise. Awaridtybl inducers mehbe used, according

production of radi oconju e ' [ P
to the Yeﬁtef (l‘,j)&gl"uﬁﬁ?l y’e(i f§ T%O%%?éﬁ gagg?ésgﬁ%ld %lgog&?am%e grown 1or
shorter@RApds@abEs indfictivh.e Celistardyodally amycasyforrbonti! 8-58 et alfhqugh longer or

made.usi ng a.variety of bifunctional protein-coupling
ShO“efé&Cg‘ﬁ?"é” gﬁaya'féf U9 ucci ni mi dy1- 3- (2- pyri dyl di thi ol )

PLopionate ( SERRyyididTaQkA disbbtidebodibiatdnanakari

L7 RYRRYR b T e oo s
fermergedio borﬂhﬁanss:agmno@ﬁpd. i g@g@{eeﬁogm(yr@m:ql}e preper assembly and folding |

di. speclnba L@di8onal RLORRYHEHdsSHEM teins, such as
Ofme% ﬁ#g%gﬁggh%%@ﬁéﬂgggégzido conmpaun S (%ggﬁizxwgrg . .
Dsb profeina @pstid HashBoPFdC, Paki ekt M%I’Fk% Ea_gﬂ:p 0 \zlms,n‘ans—lsomeras
with c%g%élyeaarcﬁ'){? cdn DY Gbdas c DirSsfopn the Bkt prokaryotic cells. The chaperone

120334PCT1US2006/ 062115 . lubilitv of haterologous
proteing hawednindemersiatpd jo fatifiedbrapnshiofiise aod Frleily ShAT AL S

proteits PHARcc@ I BaRleHR MBst 2B dhébaay a198%9)0)5i0 Atk 1S O6EE19685; Georgiou
fluorine conpounds (suc

h as_. )
ot ol Y S5RRI Nodr5o 31 4GP RRQED B e KA ool L858 poghmapn and
PluckifunQR00} STBMIQLHRI B756EmooE? 105 Rpameshd@duckibsre 2DYB d. Finl. Chem.
275:1 7\(1%%— g%}h Z?;é‘zq 32%1642858 If_?or}.cﬁ z’cro%%% 39 098 o 1987).
i sot hi ocyanat obenzyl- 3- net hyl di et hyl ene
triam nepentaacelic acid (MX-DTPA) is an exenplary
chel ating agent for conjugation of radionucleotide to
the anti body. See v094/1105p. Conj ugat es of an
anti body and one or nore stall nol ecul e toxins, such

as a calicheam cin, maytansinoids, dolostatins,
aurpstatins, a trichothepene, and CClOGS,_and the
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4,317,821; 4,322,348; 4,331,598; 4,361, 650;
4,364, 866; 4,424,219; 4,450,254; 4,362,663; and
4,371, 533. 20Mayt ansi noi-d drug noieties are athactive
drug noieties in antibody drug conjugates becaus 15
wotheyi2esse: (i) relatively accessible to prepd ’W“ﬂﬁmu s
fernentation or chem cal nodification, derivatization
fer nent Lion pro 1 saﬁ@tgiﬂp Lifly those that are |
TR TS pieq) Rl ﬁggﬁﬁgmw&Jé%u roupsegﬁftgbl for o
proteolﬁﬂw}bus:tﬁilmm ctmmhvghﬁalhedqf@mnﬁprsmptﬁqlﬂ@ EARIES P ‘?1%‘56‘1 for the
presentérfvfe%% ho d\lligr dxar‘a 13 }%)st%glﬁguaﬁls 'nﬁy B!‘: ﬁ%ﬁ@ed @@ﬁ’e& l?éh):tlc mutatlon(s) in the

a vari et¥ tunor cel
genes eﬂﬁﬁxgrkpbm bacemmtmlsgch@ﬁ retspecdisPrBl cPea? ﬁp r?ﬁ‘?t%ats? ks
Proteasg % Mg %0‘(@%1 NS M tiondsTRBARE COUM L) @&lﬁ‘[&otease deficient
contaarni ng’mayt ansi noi ds, mnet hods of naqug y Eﬁg
strains brheiailablh endadseuibpdiny ferexamale gyt B d 8 Fure; ?i’FFﬁ‘P“ otk
QﬁPQ&Q}J55%%69@64n@ﬁd15mm0pﬁanmg
Pmmﬁé%téﬁ?gEgQ%mggﬁeggégB theodlsclosures of which are
Resistahess 263 724PP@ss| y |ncorporated by reference. Liu et
al., Proc. Natl. Acad.: Sci. (USA 93:.8618-862
daore ehedinerindinek éﬁ’f'ﬁbf&ﬁ@?té%fﬁb‘?t Diﬁﬁénﬁm}?%yﬁ%éln%??‘%%‘?"dmm
plasmléQQ%ﬂ({ﬁ&%g S dMinold dBkRebnE protdie arnRatds hosleclammt th crghyession
rect ed -agai nst human col orectal cancer. The
system @HHE iystt®2was found to be highly cytotoxic. towards
cul tured col on cancer cells, and showed antitunor
. §1 IVIt% inan in vivo tunor growh assay. Chari et
Antibogy PurifiedfifBer Research 52: 127-131 (1992) descr be
i Ao aﬁlﬁrd;mﬁgaﬂesmﬂahmdy\mowhl rodvas herrin i Sirthespygitied to obtain

. prcparﬁi]ﬁﬁ tggat e%\bf\(ag?al h%n% Wit d ?orlfﬁxﬁ}é{ezfssatyg’ atdBes M8 abdd protein

'nding to an antigen on human col on larv of
purificat@n mthod:elhiowh imibsart e be omplapidh d e FPTHE PRSI RF GHAPIATY ©

suitablc };/L%ngll[c):gndo% gIdA‘eciluIe{es hﬁr{({h&lﬂﬁ&?eﬂ E&uﬁ@%ﬁ&w %n@ﬁ&ﬁ%rtelmniﬁh @thanol

- may tanson0|d Coq;ggﬁte was .
precipitag e, ol eﬂsﬂphﬂﬁq ARLG ﬁhﬂoﬁ’éwﬁ@wrpnﬁf‘ 153 8% OnALRAQUFCXGLNES IO

DEAE %%(Eﬁto%ocugm !ﬁ)s%}? SRfRndmsu kS pretibitations wid gt Bitration using, for
ens The drug conjugate achi eved a

@mmpﬁéﬁwbéb©ﬁ7wmo 20071120334PCT/U82006/062115 '

t ot t | to th _ rification
wican e vee A merbhsatey AR el E HERkEh %Wa?nﬁ" i
of the Jﬁ%&@%dﬁ@ch B thDIneGkibEe SPripein pﬁmammm yel]rwﬁllqmm:le froﬁﬁﬁ‘ézphylococcus
-mayt ansin t sSnowe
aureasexhlc@t Fth )a}%{gﬂ F(ﬁongg togtﬁe l?c fegipn Fp agh@p‘%é VE%&HM et a} &1 983)J.

nmayt ansi noi
Tmmun®0Met8d: €33.CHilt sbid ghaspa mbith myot@mAm Mdbyxztd QR bargycodmn
- anti bod tanS|n0| ecul t id col In
eGP Bl el RSk BB S ol o
some a@plﬁdﬁﬁ(ﬁnstth@coaﬁﬁn @mwdwmtaheaWQMQﬂ alsergl, feogsihly erevent
gi %% #J %mnnatent No. 5,208,020 (the disclosure
nonspeg cﬁﬂk% of & REFBIS ™ Expr essl y i ncor porated by

R FhGAT S yabBERLERR Prain MR adel povD “???%”?j‘h‘j“

above tan berpylied omig 2 Byaran Ssingiobijizegisolidphyento gk ¥e
zmtlbo{fl % mtérgsq L‘.cy d’@'lfe{rﬁf "{;}{égoﬁd"[ﬁmiéw&ﬂd @b Wwaﬁﬁb’dlﬂ@tefnlo{ialcoﬁ{fannnams

even one_ nvol ecul e

non- smmmmdmy B0 pleseH BB B HEEPEE FEETeh Sfgggred from the sold
xicity over the use of naked anti body.
ph%cﬁ%&@%%S|n0|ds are well known in the art and can be
syntheS|zed by known techni ques or isolated from
nat ural sources. Suitable maytansinoids are
di scl osed, for exanple, in U S Patent No. 5,208, 020
and in the ot her pat ents and nonpatent publications
referred to herei nabove. Mytansinoids include, but
are not limted to, maytansinol and maytansino
anal ogues nodified in the aromatic ring or at other
positions 150f the mayt ansPhol mol ecul e, such as
vari ous maytansi nol esters. There are many
I i nki ng groups known in the art for making



10

15

20

30

promotig it e SRR ]

20 reference. Antibody-maytansi noid conjugates

conprising the |linker conponent SMCC nay be prepar ed

as disclosed in U S. Patent Application No.

10/.960, 602, filed Cct. 8, 2004. The |inking <
WO T4 di sul fi de groups, thioether groups, fg‘fc':[lE %2%6/%21”

| abi | e groups, photol abile groups, peptidase |abile

Generc&fngbg%odz%rusﬁzs: E%ﬂ%ﬁc habddie gr OUDS as di SC| osed in
[i above-1 dent | E

g%aﬁ@orép@p%%fé T Yﬁlﬁ’g‘g%iza‘r% b Eroa o 8 e following:

a signa dﬂg&aﬁlﬁ(ﬁwﬂf oﬂr&ﬁc:ﬂﬁh I Jae Bymaéxa dlafmgeaasamh@cmjentw, a
usi ng a vari et %’bOf bi functional protein coupling
FRIRT Uy 1- 3- (2- pyri dyl di t hi o)
pr.opi onat e ( SPDP) ucci ni im dy1-
@ fegt ‘8?5)%’?’?%}?) cycl ohexane- | - car boxyl at e
(ﬁm ;forlum in @fsiﬂtaq}oan bos( ¢eMmaylaish enetin origial shandngedriothes
oest e S [ ol £
polypc%kdtelh vngS ectil c(lfgav sn %gﬂ%%?%ﬂnbsm erﬁ!l'ﬂ&r it amEéSq:Pﬂlypepﬂde 0
interesta ITﬁehgt@‘eISgt(us sigiml scqu@bme@c‘aﬂ e@w&e ¥, Ollbﬂistlawpwmd and processed -
rpgund %}, foRenzAvE) I 1
(Ge. 013?5 e%m nbk? 6%369]% ﬁgﬁ gézlfgn{ll um-deri vat F)i%egsmns repmelian signa
sequend¥s 85 \ﬁ,ji. @wazl@mrqméqagwffq)r_eé@mg,lq: élﬁ:é}g;pamquﬁglyx gD s1gna1 are available,
di i socyanates (such as toI uene 2, 6-diisocyanate g
s T%A fop each pieeson esgipripkigstrddn eadingframe g DA encoding the

annbodg,l fluoro-2,4-dinit robenzene) Coupl I ng agent S

i ncl ude, but are not limted to, N-succinimdyl-3-(2-

g}g gt pg?,ylg,),w;gr opi onate (SPDP) (Carlsson et al.
ochem J 173: 723- 737

Neswereln IWWO%GRIQE“WFP §‘% o 8%%% 8#%%@51{11%1]31(@55)@{1%1%5&011

veetorsP FONxGBpIE, Blkc SV 4Diofibin fnlagl@yidallk Bg®cd breadst nkettainetyc ey

attached to the nmaytansinoid nol ecule at vari ous
Pmm"tﬁosml ons, depending on the type of the link. For
vf’?ﬁg 2, an ester |tl nkage may be forned by reaction
SR BTELYTPBFup WO |
m@ﬂe.ésl&%a 4llé?ﬁiﬁg 182006/ @6ahkSelgsion gersotivoetpmied p stlectable marker.

' Typical%olg e‘::s gr%g € q&g‘ﬁg thl- Jeﬁﬁ?{e%ﬁ&o@m@ﬁgﬁﬁé 095’5]1&'@&1115 eq,

roxyl group,
amplcﬂpm,s]eabm}g:m nm‘dhpﬁqx@@, mtqﬂacjv}am, ﬂ;ayﬁ@plﬁyq:nt aq:qqgo;@cl@ﬁclenc]es where
relevangggé H’ugﬁl RG] R WA ghav%lﬁygf&%(&’dmp%c%h@m and the G20

haV|ng a hydroxyl group. "I n one enbodi nent,

LR ekddiliasie skscoRkimRe AiliAhL die & RRSighdwaMo G host cell. Those cells
mayt ansi nol or a naytansi nol anal ogue. 5Auri st at i

that aregpeesyBilly senpformed witha el ogph STRCRENHES 2 prefgin conferring

res1stan'cmm%ﬁ}ivﬂg e Qe 6P FdoEiRh. ERardilds DAY dorhinkdi€election use the drugs
I nvention _conjugated to dolastatins or dolostatin
ﬂeomy%ﬁtﬁ?@é“@ﬁé@%@‘%“@(ﬁ@mé@ﬁ vat i ves, t he aur i stafins
(e B A0S, SOSRAES 1050 B0 LS 8 e

idennﬁéﬂulﬁaii @iltdém&doﬁlpétyﬁta@naﬁéup d Ehtiby@rrmlclxzt% g?d, saashtzhs MUHHRe gy mixiivek
cellul ar VI SI
ke, RGP Lo OB o TS m&%tl%s‘*{’%%%ﬁ 0 R

orithirdikdactrglede, 4&8). S. 5663149) and antifungal activity

(Pettit et al (1998) Antim crob. Agents Chenot her.
42t 286:plc2@B5ans Hiveedduittabt BHFR sdectign géns tray ifipst biy ideptified by

cu]tunng Al o% %5; %fo%%an%st 1.tn %%Dl%.ﬁ Ingdl%llg Zhra@g(%?% %ﬂltot-}éﬁlrém&) rhecoMpeuuve

ermnus or term nus of

| antagorjie pf DEFR. dpmagpriati hestyellswhed 2i0gaE AR Exappyegiyclude, fOT example,
the cmﬁé&éh ?e;] W{&Rﬁ% cgﬁﬁﬁédevﬁagﬁtwsmﬁ%c%&ggmm Linlogsk).
nonet hy | st ,

atin drug 15 noieties

dlsclosed i n "Monormet hyl val i ne Conpounds Capabl e of
“Conjugation to Ligands", U S. Ser. No. 10/983, 340,
filed Nov. 5, 2004, the disclosure of which is
expressly incorporated bysgeference inits entirety.
Exenpl ary auristatin Liubodi nents include MVAE and
MVAF. Additional exenplary enbodi nents conpri sing
MMAE or MVAF and various |inker conponents (described
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Calicheam cin In other. enbodinents, the

I munoconj ugate conprises an anti body of the

i nvention 35conjugated to one or nore calicheanicin

nol ecul es. The calicheamicin famly of anti
WO B40f produci ng doubl e-stranded DNA brli,lc(%}dssg%ﬁOg‘l113
- sub-pi conol ar concentrations. For the preparation of

C 4G ha hobtf B dryain &flegddo. DHFR)
g{l]ééﬁﬁrﬁggélg%oﬁt:eﬂsw 7%4 g-g%;@ g in

rans oDP g@@%&%ﬁ@%@ﬁ%ﬁﬁ“@%@ fifpodsy wilgd 4yps GRTER protein,
and an(ﬁh& £QectHL, ma?ke? 4R Eg-ghm@lyczﬁdmﬁhosﬁmi‘mﬁfﬁi (AXFHH cfuabd sclected

to Anerican anam d Co ral .anal S
yccllero“@}amlr%qd@ﬁ&ﬁoeﬁawmﬁ SE’ﬁ““rIﬁT*E %Lf%‘g Mﬁ@ﬁ faet %“"?95%%
ammo%sﬂhb RethRc teQs, kdH@in, ﬂ&yﬁ@/@fﬁéﬁd Sedw. S( Phtmfrﬁn 4,965,199.

etal., Cancer Research 53:3336-3342 (1993), Lode

e(tnglpmm&a%@pmﬁﬁsear ch 58:2925-2928 (1998) and the

af orenentioned U. e

Aot S CPrpe RS S  eef s B0 RENAATb hy hos
orgam&ﬁa{)il[ﬂd bls%ﬁkﬁﬁly lhﬁk@é\nudldm achi emeodalg aavnb/pefp@ﬂfattfemelsﬁﬁhg;n antibody).

cal i cheanicin r oS4 1T _rich region
Promotg{ﬁeﬂlgﬁccgﬁla(ﬁa% E){e g?y rthal aﬁgﬁlﬂ'}%b@ge &4 i @§arp T-rich regio

asSma nenbr ane.
located Bpprosifnarcly, 25ce b0 hdsarupstptﬁalf@ﬂdhe tithaderc ﬂg@ﬁﬁﬁw Fyigitigird. Another

smuenfehft&u}%o@ dia u%g*éfaﬂtfﬁ)g]lﬂé étgr%f{ugﬁkc&%tﬁﬁtok B RARGESCNCAAT

OXI C Q her oxi.c agents

egion HOGE Nenayam it nuedsotideg éviths 3t wdof 1@% cykaryedhgcaedt Bt fHAAA

sequenceitgat gle adi sﬁﬁal ®fr Jififod @ﬂ?e%ly%tail &%y%n@% coding sequence.

Z0I Ci vincristine and 5-fluorouracil, t he
All of ﬁlmetq}wlmﬁs gty fogeied Hé‘bﬂk@é’?tlc\FéPrﬁSSE’E V@é%’% 8 co rrpl ex
described in U S. patents 5,053, 394, 5 19, 8 trolied,
wéilﬂbﬂésspoé@sﬁ}daﬁﬁa@PﬁBﬁoP@OBWﬁ%Wa‘%m ‘?‘7 %“;.“ o 6% Gontrolle

for cxa% bxﬁ@:!:rls Mbtﬁ'ﬁ&d ¥&m 1R gbﬁbﬁmﬁbﬂimﬁs’eagmﬁ a¢ goljchervirod, fowlpox

can be used include diphtheria A 15cha Avn‘us
virus, ﬁ#@ﬁ’m@ﬁdﬁ‘}?@ apddagun ) GRERR RRPTPOY BH HEP S E YO

cymm%ﬁ%% I ﬂeﬁgﬁh@ I.hspaﬁﬁg-a me’ss@u & pitEaTesusale (SO dse) hetarjlegons
chain apfli

e TG P DRAET B P BaeT B g e e pPmorer or from heatshock
promoﬂéfs &M sudhyddtas areaﬂiﬁpaubhmith}ﬂledbEICﬁSy@mPI PAPI | ,
PAP-S), nonordica charantia inhibitor, cumn,
cr&tdalmy axﬁ&zﬁﬁp’ﬁﬂbteﬁ; o EHfeiSFi4h arissird qehyapientdr obtagsk G TS V40
el lin, .rest NG G dfnChart
l"eStI'lcf{OHé:ragIP?Ig thef also o ams %&%%'Vq gir?zn gﬁéﬂ %ﬁﬁlﬂ%ﬁg% hrifed arly
promoii@tldiﬂﬂncsﬂmﬁﬂn @d:md@tovﬁ& is m@@mﬂmq’mn@rﬂég &hindIi ﬁ\r@mcrl%fhﬁamcm
A syst%{ tLh eq'esscu(l) %U%Jb %%Ex Hol Hﬁ%ctﬂc%d‘\}gﬁ?h Eifl B as 2 vector is

a _conpound W nucl eol yti.c
disclosadini($ tfytte(ﬂe\l @44 1%446 bbmg@ﬁ@@g@oféhls systorAs dsserdsd, i &5 Jhatent No.

deox ) 561k Y Sntor
4,601 %gsg?e&isto%c ¢§ & Xlr %t %%)7?5@% %Rlegg%z? I%ﬁ eﬁgfé%%% 8 ?S . 1 aeron
cDNA i gbusy calia dndeathb |omaroapinﬁmmdmakm@p yroaaroter famapes spaplox virus.
Altemauv% g oSk tcgﬁgl\?klﬁpﬂgﬁv fe@hindl p@%ez{% Eﬁﬁﬂé%édcé@ itRfpromoter.

onj ugated ant| bodi es. y , Re, Re,

@Exgl,%a 8«03%%8&@;1@% , 1) ,Pb2123 2 - 212

inclu At 211, and r adi oagt ive i sotbog
Lﬁanwwnmﬁ@Nm%m@ angbodi BlYReBide pE ths SRR

ih @i QRG] ihieindtaR BAthAer SGhdAtd 1gtortl&hp}&bt6r Many cnhancer
eﬁaryﬁ@% Oﬁgn%ﬁor eféarrplle Tcd9m or 1123, or a spi

soquenasrara e Joann fraggretnimaa liae sensaielobing Ry PIREY ﬁr%f(‘tgqrgtsﬂh and

1680 RPGSShchrTRE] Gk ceeB vigds. 8Ramples
msulmﬁngﬁmr}&e I%@g@g%&w{ odi ne- 13(:1 i ndj uar%{l

includ the BV hraharger CedbbleH- of e EpbGaR g (g} @éﬂe%?ﬂi $he eytomegalovirus

early p Q&%r M. BRGRARBIBhDEerich @R latSHdNS theaelilioationlorigh uad
abel s may ‘be 1 ncorporated in the conjugate in known

ways. For exanple, the peptide may be bi osynt hesi zed
or may be synthesized by chem cal amno acid
synt hesi s using suitable am no acid precursors
i nvol ving, for exanple, fluorine-19 in place of
hydr ogen. Labels such as Tc99m or 1123, Rel86, Reand
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35Bi ochem Bi ophys. Res. Commun. 80: 49-57) can be
used to incorporate iodine-123. "Monocl ona
Anti bodi es in I nmmunoscintigraphy” (Chatal, CRC Press
.1989) describes other nethods in detail. WO
WOy 28434PCT1US2006/ 062115 Conj ugat ePIULHS/062115
~antibody and cytotoxic agent nay be made using a
adendthd @hncQE QlhlHLAP, U@sz PHOL BLTX GRIPL DHaRBES Uede Rt B activation
~as N-succi nhni dy1-3-(2-pyridyl dithio) propiconate

of culagofiphrome(gesc iTh FAbERFT M2 {enplige BYHIReIBHOE My ppsition 5 or 3' to the
antlb&ﬂr%)%ﬁ@@ﬁrcodlnﬁcﬁlﬁﬁ&y h@ti€ach?MyGhoatch 1 NOL B RndiRe promoter

bi functional derivatives of imdoesters (such

a_smyilm‘fwao;aféhmmo%bﬁpdﬂ@&) active esterﬁ (such as
sSuc as

di_succi ni m dyl erate), ydes: (
gl ]%P EHAdEHY Eﬁeg o) mﬁ%‘?“d%?“é’&#p ﬁ@é"a‘({%ﬂi"r@ﬁ@mﬁ@m’es e
neces(apr fazihel @hsinaiy lof treh'@dﬁplﬁeﬂ bl fornveabilizidk SredRTA NS U sequences are

commgglg aYaalalE}F g'%%:ﬁh &cn%ngn%%?sﬁnalg{ wgﬂg]&feg ﬁgfoH%?f evkaryotic or viral DNAs

‘or cDNAGE. s’ﬁmseaa@bmmr(t&u allasids @gmanetr&scﬁlbeﬂ uw@y&nﬁhﬁd fragiieglts in the

CL.lV ne Onpou
s A o AR RERBR MR S0 DR BT recigon ppesion
companmisiBt boviire goewth bempnepdyadeh y&gom%)n | $xe WO/ NIOL @dridahe

' 38: 1098 (1987). Carbon-14-1 abel ed
eXpresﬁfons%Cttcﬁldg?gIg%ﬁg%% énzyl-3- 10 net hyl di et hyl ene

t r(ﬁzz? @eﬁgﬂﬁ %L@ﬁ%}o&’tﬁaz%gloﬁh&%ﬁp-r PA) is an exenplary

ating for conjugation of radionucleotide to
t ﬁéﬁaal@thow@d forsé@m@g prepeiagthe PR injthekestonrhgreip égnchpde higher

eukaryofe! SAVRRLBed e 'inclufdﬁi% 'v]eﬂtébf‘atté 08t def. Q"?‘oﬁﬁgﬁtm L Rrichrate cells in

%%éotOXIC drug in cell. For_ exanple,
culture(dipsye puligre) bas IbP‘i‘i’F@f@ra r%@ﬁmoa%@@ éFéwlﬁﬁ 03? eselﬁﬂ ma@imahan host cell

lines a&h@gn&kﬁeaﬂe? i mllﬁeﬁmf'dnhmeﬁm:ml (DK APEC CRL 1651); human

ul fide-caontaini n9 | i nker (Cheri et alL, Cancer
embrYﬁ@%’élQl?eéfﬁmg@% o297 gqllssyegdonpd fogswilig pespensigp culture, Grabam ef ., J.

Gen VBol20R55029)7)) By hﬁnmgmneﬁ&ﬁb@momm of); thkese hamster ovary

s RIS AR S oLt 00! ST 4 i Mgl Sl L

(TM4, BBy, BNBEpradBS43126t QVR0); idaGey BB IISBAP ABCACCL 70); -

e Sl oS SR O Py 828 e,

(HEL s WITCE-ENPB; caainel kigWGR:ells (MDCK, ATCC CCL 34); buffalo rat liver cells (BRL

73A Al‘(,séjéﬁt 'i‘lp{f;) %nm{ ﬁ"m n}¥ g%’?%%{ 9&% A om thu)nan\l\ﬁvcr ce]la (ﬁep G2, HB

comer Ci al’l'y av
8065); Bicoteermuirogpor (IMMT 06%@%’6@@ CCLE1); TRJ calsd()v[atkﬁea apadyesls N.Y.

Acad. %atgg?%gégg@ 2@&9&{029 9 zhs&%gflcleﬂ: ak| éﬁr}%mglgﬂe%%&g hgeP ep G2).

ration of anti onj uga

| 05t D15 Qx@%@gﬁﬁe@ﬁgﬂgﬁ ggﬁvléglgstcﬁﬁed siofl o#l&ﬁng voctors for

i nvention, an ant I's conj ugated to one
antibodygraduetion gn(h@lilt@qeii gsco(lmntw@l gutrlemg wadia moﬂlﬁech@@mromted‘pugducmg
promot@i@' s@ltfx':t@é trﬁﬁs@orﬁﬁlﬁt&‘ Qpﬂﬁphfgnhé £ %Ehe@ eﬂcb&%gfﬁm fidshred s-g&fen&lgc

For mil a e prepared by several routes,
e(ﬁ‘f:if ﬁ’fﬁﬁ‘fg’gd{’@&ﬁﬁycé”‘%hem stry 25reactions, conditions,
and hbRadR raﬁea t&ﬁ@mewaﬁ%@&e@ﬁm Inb@oh Ray NEuBhnbd in a variety of

i ncl udi n]g 2} reacti on of a.nucleophilic gr oup of an
media. £mnpsETR) Y\K‘n"%‘ﬁ I Mg gpediie HamsEdP (Sigumdyinimal BsseyfjapiMediom
((mMA\tqslgmayRamlmx(aigﬁﬁ} ahODEbed 64 Mowael @a)glasmlinpﬂnmm Sigma)

lic

e iy LN O S0, Bl sl on ol Sl SOOI

Enz. 58M8 30000Y, Batnes f 6, nBE Biockdral (2256 VIBR@N. sbmd\rosfmmmd;,és:f,sas;

457184 53885 Db 1B AUGHIEY K GBEtp OF e apgss s

used as chegiey mbidfohthe os celBOAby (1 thdd} media may bddippleinttalas Weogssb® with
conposed of one or nore |inker conponents. Exenplary
| i nker conponents incl ude ? mal ei m docaproyl ("MZ"),
mal ei m dopropanoyl ("MP'), valine-citrulline
("val -cit"), alanine-phenyl al ani ne ("al a-phe"),
p- am nobenzyl oxycarbonyl ("PAB"), N-Succinimn dyl
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0 Z9()L N MPEG Addi ti onal exenplary |inker

conponents and abbrevi ati ons include (wherein the

anti body (Ab) and linker are depicted, and pis 1 to

about 8): WD 20071120334PCT/ US2006/ 062115 Ab
wOZeorakessdst O MC- val - ci t - PAB Nucl eBEHUS2§6/062115

groups on antibodies include, but are not limted to: '

hormcélp%@y I O erp onno%s%t@ga@ﬁg%u? h 2 Ixfl)sulmg'm ST!L%? C 51 orab ﬂ]%ctm) salts

(such@s s@dmﬂiy:ﬁ]bﬁﬂm elciandndgnesjuns agﬁvhomhﬁkb)okgﬂersdsuchm HEPES) nucleotides

h b
(such ?Srﬁ%u osm%l E}?lenQ;%“&‘ag‘% sucﬁ’ asq(I} dlrﬁ%?tﬁge clements

ups ‘are nucl eophi
(deﬁnecquaﬁﬂrgmmfcommoﬂs usgallypresont ﬁh foela@hentrationyid hewmpietanolar range), and

s AR gl S, S LA i L s

appromeemsqcntlﬁl@ms thet trepk be fedvorfto thyes skiled frfbp ate i The h‘d@%dlﬁons

| " such a% iex)p;:xgh]hy é}% aag(ﬁithg LZ %e tﬂﬁ!e blgﬁ§us‘§spt%gi With zﬂ@h&@&%@%&iﬁﬁr

etones car boxyl, and mal ennid
€Xpresglomﬁpéml@rdpmwt torthe asdiciards sillsdartisetiuci bl e i nt er chal n

ﬂlg eﬁjcﬁﬁondf ibogysteine bridges Antibodies nay be
ctive for ‘conjugation with_ |inker reaglents

t N@@n FrPE Teemhimant techpigtiscihmgptipdiien Birrpduged ipfrapcllularly, of airectly
secretc(d:iht{) lﬂle%ela{uﬁ:l trPthd akeEdy 1§¥f i@l thtrbiel16ia®,, Wi 4 first s Sthé Pariidulate
|

heor et i cal , two reactive thiol nucl eo?hll

-debﬂsﬁﬁ‘d‘éﬁ’fthioﬁﬁ@ls Of YB3 GRS TS, QTR S TRRPY b0 b aeptiifygggion or

ultraﬁ%ﬁénb QtheSthe éﬁ@o&gﬂi {edri23 SAPHE éﬂe@aﬂ%b&ﬁezalﬂﬁrc&ﬂhﬂm @ﬁ\resswn

thereactlon of |ysines WlchIIi‘ﬂ gﬁ ane (ngrau
SyStenp GEEEPATY. Yrﬁgs;awcr:w@tqdﬁ%ﬁmmﬁly c g eC P s
for exatdrf?whn ARRRE bi Mﬁhﬂjdﬂd: p)dmc@ﬁ alipsizaBon k. Aptoast iakibitdr Blid as PMSF

t he meng .t eof I,nt roduc
may bR S A0 ST P o T LD gAY o BRI g e incided 1
preverft tie Growtipsfagdhtitigs B’bﬂtﬁﬁlﬁat&nt i bodi es

The antibody composition prepared from the cells can be purified using, for example,

hydroxylapatite chromatography, gel electrophoresis, dialysis, and affinity chromatography, with
affinity chromatography being a generally acceptable purification technique. The suitability of

- affinity reagents such as protein A‘as an affinity ligand depends on the species and isotype of any

immunoglobulin Fc domain that is present in the antibody. Protein A can be used to purify antibodies
that are based on human Y1, y2, or ¥4 heavy chains (Lindmark e al, J.'Immunol. Meth. 62:1-13
(1983)). Protein G is recommended for all mouse isotypes and for human v3 (Guss et al., EMBO J.
5:13671575 (1986)). The matrix t:or which the affinity ligand is aftached is most often agarose, but
othér matrices are available. Mechanically stable matrices such as controlled pore glass or
poly(styrenedivinyl)benzene allow for faster flow rates and shorter processing times than can be
achieved with agarose. Where the antibody comprises a Cx3 domain, the Bakerbond ABX™ resin {J.
T. Baker, Phillipsburg, NJ) is useful for purification. Other techniques for protein purification such as
fractionation on an ion-exchange column, ethanol precipitation, Reverse Phase HPLC,
chromatography on silica, chromatogmpliy on heparin SEPHAROSE™ chromatography on an amion
or cation exchange tesin (such as a polyaspartic acid column), chromatqfocusing, SDS-PAGE, and
ammonium sulfate precipitation are also available depending on the antibody to be recovered.
Following any preliminary purification step(s), the mixture comprising the antibody of

interest and contaminants may be subjected to further purification steps, as necessary, for example by
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R R R N1
-umnmhﬁ%@deﬁd§Mﬂhm@$mhﬂhﬁﬁ@ﬁtaﬁldeS (iii) al dehydes,

conprising one or nobre non-native cysteine am no acid
residues). 5Anti body drug conjugates of the invention
may al so be produced by nodification of the'antlbody
to introduce el ectrophilic noieties, which can rea
WQRW 13 eophi | i c substituents on the IlnkerP?Qgﬁ@Wszu°
or drug. The sugars of glycosylated anti bodi es may be
low pl? ﬁ&cﬁ&pﬁ@ﬂc m@er&ﬁoﬂ%k&&n%p@g §§n‘fg z@?&'hﬁhloﬂ bt 1830 wken B%ut 2.5-

onn de ‘or ketone groups {H¥ react with
4.5, amwellﬁamﬁqenquabw saf cqupgpRaions é’aﬁ;effﬂnsabaw 11 FﬁB‘P eties.
The resulting irnine Schiff base %ps may forma
sitzhyud be q@[@gg}@t, ubgenﬁa]y teglypies s g@do g%, fowepanno antibodies for

use in F@éa@chlygﬁi#% ﬁzéd' 8ageNissart: azteﬁ@gtﬁmisﬁeaEL Be &mgaalstenfxlﬁagﬁ@above
n _one . e (0] I e carpo a
andlong G TFOTEG Py ey B HE e §EHH gy erst

gal act ose oxi dase or sodium nmeta- periodate may yield

cagrbonyl (al dehyde and ketone) groups in the protein
ég—l¥a%?ﬂban react with appropriate groups on the drug

( Her.man |

e e
biologichlrfestitndy rvesquel aegysd&aewy malstarwi t h sodi um

met a- peri odate, 15resulting in production of an

aPuifty desibosiepian be frethercheradiérized byiieries of assey's (Gl Reryhnet limited

o, N-t%ﬁiais enkhd %%ﬁm@c%myﬁg LI ey s?he%:?&usi’aﬁ@iahgrc%ure liquid

Stich al dehyde can be reacted w th 8
chromgtpgrehy (BPLE); mRse ﬁpw@n%pwp pechange gpmatagranhy @pdesppin disgstion.
groups on a drug _noiety inelude, but are not limted

t §hergmpaseseh #iHGPdicsRrABigAd Forflyely bigpgigal aiyibyrgn some embodiments,
anubochasdff%ln%nuanm&s@m ﬁﬁh&lﬁaﬁﬁ@&x byl REVIRE Tﬁ@ﬁiﬂ@éﬁ)’dnﬁﬁ@, assays

and aryl hydr abl e of. reacti
that g LA G B AU TH EELOL ROl PG BLisEoiay compesive

binding As8d¢e ﬁsﬂi@ﬂe&ﬁﬂcﬁﬁs satiths |v&e@ﬂéﬁrbldt:€ aagemhmunonsshys ;:EIHSA (dnbyme linked
active esi % as NHS es escent

FEGOREPP &‘8‘““’“’("?‘" FY e * "I%ff‘isaygh pofsssay |

ket ones, carboxyl, and mal ei m de groups. '
Alntoae etaiqumény, thedimfeutiinaroniompletes m diored patddithatipessesses some but

‘not all Qﬁ‘éclto? qri{h(fc}ﬁh fIkg ¥t| N [t tcal{qugr rﬂﬁﬁ Q%phgéﬁ)glggm whﬂ‘lﬂ the haif

niques or peptide synt
life of 1he n:gtbhdsotﬁ vDNA? irmgrtapbyep eérisin qﬁg@tﬁfe%mﬁw@ (pushy hsopemplement and

ADCC?%Q QHBHsANE dWRriBR! trh QRSinQnbb iSRS 'ﬂiel-fg %tﬁnt%b bBL antibody are
acent to one anot her or Separate re%lon

measuresiogaARTE duISHTREACHRIRIARIELSHHP SHIRES Foiareaer Byivp gotoxicity

-assays ga%%e LEhPLORELAAEShOfedtREn/EHM R 8t €O C hid/f ADCRWRENEES. For

nbodi nent, the anti body nmay be conjugated to a

exampleﬂiwecp@pr@r fFC{{k@E@n%%SP%b eanbe gpilpctpdto epgurq that ﬁteua@?borih lacks FeyR
g thilSra Yanili§C Mk lis £

inind 4R 20814 SLGEBL0S N1 Sk AT ARG Bt Pl o o

mediatigg W& cedf, cxmesd Eﬁwdm:l@ﬁ | Vo Barees fOBeAY teh BXDESST Eﬁx%tFPb%ﬂ and

Fv;:“{R]LIkJ Sfékgexgxe&b&%'hg&a@&ﬁ&k c@lﬁqs gu?rﬁﬁ‘arégf'ﬂa ﬁ’bﬁ@ 58t dﬂ)aQQ 48f ofRavetch

1 gan g., avidin) is conjugated to a
and Kingystdptn et lavpert 90672 ( 1981 s é@ﬁéﬁﬂm eniinidyo asppttp peesy ADCC

_ activm(o%k%)mo%ﬂ%}/ﬁéﬁes{@ﬂespﬁoeﬁﬁfgy %ﬂ@wo%o@gﬁﬂml @§7 aBHéful

he ant | bodi es provi ded herein w'th’

effectog QS‘IHF Bisuch agseysgesdyde perRhsH bieed mwoswaﬁ%ﬂ“%@m EB%NW@I Kille

- (NK) célﬁd A@t@@aﬁé@%ﬁa@%&ﬁ@ﬂ? heeE dQivay oftht Rolcudlcortli@ak By be assessed
Wit

an excess of 100 nM di t hi ot hrei t ol

in vivo, %d’b apipal medebspelasryt dagawt ROV HiAeS” A(St(H@‘Ub"éfﬁﬁé%56 (1998).

Clg biﬂ(§ﬂgﬁi§é&?@ﬁg§eﬂsomé cBiridd | bﬁmo Qnefm SrphesesodedSunabis Itcrbmlﬁdlq and
eluted with PBS with mVi DTPA.. Thg EhloI/Ab %P g
hence IR EREQCBY T Idb B PHETRE SHEATREHCDL st e s descbed

64
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WD 2007/ 120334PCTPUS2006/ 062115 anti body
concentration fromithe absorbance at 280 nmof the
solution and.the.thiol concentration by reaction with
DTNB (Al drich, MIwaukee, W) and determ nation of

W be7/2i983r bance at 412 nm The reduced anti bod‘ilcrﬂUsm05"062115
dissolved in PBSis chilled on ice. The drug |inker

azzaleqv%%%x 0 &, Frg} Fn’r\}ﬁnzjl %%%gg%ﬂssgfg%ﬁ%a%ﬁéﬁka nFc@altblePaimo and

in viva dibaanmlmmhferdeteamamweiso he pecionvad vsisg Bethodsdmp R in thedt
added to the chilled reduced anti body 2HO in PBS.
After about one hour, an excess of naleimde is added
Antibddp Fepgemaeds t he reaction and cap any uureacted anti body
t GREd JnQbbd 8. ScHRRGaRinsted tRye are
cgiﬁ pregﬂ&%%olnyﬁa t%ttl on gﬁéwn - l\}lf:c 1VI MAE. i s
advantpges pf ised aamh@dﬂ@e@w@daw thgnrholsrntippdisy dite pogler s of the,
fragmf!:) Esago&'é fof &bt %&Qﬁa@ UG ny Feall B iobloh &1 RcddNAQbliGHhbis| €
con

t1ons, and rozen or sto
15 Isekijaurahavm/aen gayeloped ﬁf@ﬁaﬁog‘&“ﬁ%/"%ﬁ?‘lﬁ‘é SRSt f
Traditi?'ﬁ%ﬂFz Qfest M&'Wﬁ%ﬁ%@ﬁbﬁ&%&kﬁga@ﬂlﬁ ofvirftdet MﬁthEsee e.g.,
ow

Morimage-et g, ﬂ%nﬂgg zii QfeB 10ghgrtnoc o) %&S%V*g%gﬂ\g?t&@is ?4 E&FB{ m%ﬂ and Brennan et
al. Scﬁﬁ&@@%@ (B¥5)5. Mt g@] ﬁl&é@ fafmaRtanfiow bepradiceddiatvitsby recombinant

provi ded herein with MC-val -gjit- PAB
host QP Ty B GIF Y P ERPE BT S S5 AP B RRRORR B cof
thus alfox/AR thdREe-pMdudtatnof latgeaﬁBuMﬁﬁllassfrmp‘a,rMbbw fragments can be

cQonj u atl on 0 bo [0
isolated) froi (‘;a(g E%@nﬁ *MES? oﬁtbi)xgwg r’g g ely \@ag'te%?([: Eﬁén%hﬂ can be
directlp E&Weﬁbﬁdroﬁﬂl cflf @fdahahicdly wlﬁpldﬁbh/@IMPWbAEragments (Carter et al.,

e BTG PRI 5B A0 B TR0 e

isolatefl @irdc@yvromPeeninbingd hos télbadiyre b det Fotap Fragreeniuvith mcreascd m V“’O‘

half- h%)%g:ﬁ%#g—;ggalgygle recgét I bn%ﬁtgégﬁ%% ’\%%ﬁ?st a?éé nl}e)sccénbcd in U.S. Pat. No.
5,869 Biéo%mﬁmhrqggs fOﬂtha:gmfﬂtmhmmfraUMéiéffm@n@m@? FoRRIRL to the skilled
pracﬁthcme %h%?!nh%dm%ﬁos ﬁ ?@y dr rc@(ﬁée@éja ﬁﬁgl@&ainrfg*/ Y bt (Bv). See

assrump M sodi um chl ori de/, 2 qjl\/l

WO 9El:$m§ (p$4 Fet. BiogyiSt 1 3945 w %1%7 %&@V\?ﬁq‘ Hiytage tht ondx gRecipsyytn mntact
c:ombn[ﬁlytlI él{és BMEQR 400id o FlnbHha: redﬁfnts BhusSthéy dré f@al1Ofor ZedB&d henspecific

under argon at anbi ent terrper ature, %{%Q ;55(2“ foct
bindingrihyringrieviveusei Sy Syt PIOSIBUGH bS CERFRGERRER YEE BT i etiector
proteu?zg Wirtlel Bt at6d oWht barﬁ&d}%rﬁﬁﬂu@ﬁﬁdnlém ﬁ@@ﬁﬁﬁlﬁﬁﬁiﬂn@ﬁbﬂﬁ&g 25

sodi um chl ori de/ mM EDTA $ body™ escribed in U.S
Borrehagpki oy Thesatedn i&ﬁ%n‘?nlt E’E‘-Y? 2, fipcan bty "y 2 48T '
Pat. N6VAd4P Q8 forMeep B! QRA RS brltiBedyyfrdgests naf RLmviokeciFo m\blspemﬁc

pof assi um phosphat e/ 50 mM sodi um chl ori de/ 2 mM EDTA,

pH 6.5, to a final concentration of about 10 ng/m,

Humaahe Asfelisd with a 10 1 nM sol uti on of DM in

di et hyl acet ani de. . The.r i stirre |
WY%IPQH fém?}waié?es B%Weg 81?11 %e% hOOHS met; lﬁﬁ%ﬁ ﬁ)tl‘ hmllz%{ynon-

humm%ﬁlbdd@@we&ﬂom&md O Bt staeple, 4 lsmfanizuhmzsbbdmmohﬁgh 03¢ Of MOre

. hadex .02 fil.t ratlo
s g g gt e goatt sl B e Mrboc i fah fitho anino
acid rdsidtids @re(qiien rofyreb &0 @butort2 residuds, wineh arebzsmlbrdal@y f‘l‘)ﬁ’é‘n "import
or.ba ce at_.252 nm_an h él@ﬂ@f’g’f@]}ﬁ d co-
Vamb[agmﬁ?%p P%%mrbam%%aﬁjbﬁﬁ%t 'lgﬂoﬁhé gﬁ&f Omngét SAti bodi es o0
workemr(mmmw (OB ®iNarunk 3 spgmla@m@ 4 g6l I8P P 83:323-327;

def ]y q ttjtg f
55895 substlmtmcr hypervariable region sequences for
Verhof‘le% ﬁ}gagtj(#é Séfzefce 3?21 pYr | é@/ hi o) pent ahoat e to

the conﬂpmddng(sequdm(tmf@pgamam yitibgein uﬁppgordlp‘g]@q qg@lu)}m{ngtpeedo alﬁ;&odlgs are
0 lcRNRSRA &ttt human
d“megg?“gkgdlé(sgﬂﬁ%%ﬁﬁg n{ gal?% ?\géﬂ%g&cﬁ%h and EDTA (1
mV) is treated with SPP (5.3 nolar equivalents in 2:3
mL ethanol). After incubatfbn for 90 minutes under
argon at anbient tenperature, the reaction mxture is
gel f| I tered through a Sephadex 025 coI um
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an antibody-1inker internediate, 2H9-BWPEQ Excess
BMPEO 4 is renoved by gel filtration (H|Trap col um,
Pharn30|a) in 30 raMcitrate, pH 6 with 150 nM NaC

buffer. An approximate 10 20 fold nolar exces S ..
WQRUIEIVIY i n di methyl acetanide (DMA) and ad%ggg?ﬂmmmzua

the 2H9- BMPEO i nternedi ate. Di nethyl formam de (DW)

variabFRYmah B8 tien &BRInayE tﬁ@cc@'eﬁy%ﬁiu&@%emﬁd@ﬁced%ﬁ:@a APRihakYn species. In
rTeagent. The reaction mxture is all d to react

precticgyhepiightt angeadiss emedaically prpaapidiodisy mayhih jepepRT Eriablsgeeion

residudsQndl BEBUE sbif B edsRifesaMlsubsBaktedbly rdsidadsi fRf @alo&sle Sites in rodent
colums in PBS is used to renove hi gh nol ecul ar

alm’[b"?ké"ight aggregates and to furnish purified

MPEO:- DML. 25 hod ri-vative
AR e Gt o F oo BBl B ES s s ymping e
humaniZad &QibbdEEStam Behintpoaamalto radmpmganmc ﬁmmsdmg):p dicisesaltel dpest-fit"
‘are known i.n the.art and rea
methO(Z Fﬁf&m%%tof H’f’ fariable. dg{nfnéx S(,)f a bo 1¥an<¥ § sc %?tfdva %nnszt gﬂ:%nnre llbrary
of knowh hitien xanaﬁiéadni)anaweqummseﬁ“h@mmm bﬂuqmm yhigl & closestto that of the ™~

rodent i is tgcfn aacep%elg nfqth ﬁunr i}@as CWPﬁ.'kt o) JEI{ I i %Zily ot 1%9# gﬂg@g gtl al. (1 993) J
Immun@PEﬁ)ZZ%;dﬁmﬂljﬂm as ( BRT)et Wyl Bivé 13@2}]13/ é@b&gﬂ@ﬁwﬁ@sﬁé a partlcular

frame\%ﬂy Sfi'] de £&h P’l% SGQ/ Aegggké%ﬁﬁ ﬁumﬂea?ﬁﬁgo%ﬂs oflagjlaﬁ%hﬁyéub group of

oxol ane,
light opleehyy chaids. &mﬁmmwoek g gt %V%al éﬁ’f?gﬁ‘@? lhugrggnized antibodies

(Cartexcé?ﬁﬁ@é@}?&nmcp%ﬁ/ %@%&Ctﬁ? 86@2§5h§{est£‘9@@g9mfn%n%[ 151:2623.

ra opol yners), dextran or pol y(mvi nyl

PY k" il ODER P hééﬁ&ﬂ‘é%@t&ﬁulﬂa'dié@ﬁé hunRAISRIRY RN OF mg@ hfinity
- honopol yirers,” prol ypr opyl ene, oxi de/ et hyl ene oxi
for the GpED PP s Fovpiaby BRVPEIRYTRIEES i B (g S, ccording to one

metho%haﬁ‘xﬁﬁﬁz‘éh JmtibB@byar ﬁ}ﬁéﬂ)aréﬁ By QRRdcess@hn ﬁlamslx bitthceﬁarénhﬁ keR@dnces and
varous AR e AR E0 Bt i e o Polehat B Py and
humaniad @guen&_tﬁ.e Th%@dﬁi%@ﬁéxlﬂaﬂﬂﬁﬁﬂlﬁﬁmﬁtﬂﬁﬂﬂﬂﬁd £6 2dbdrbonyodvyitable and are
L may. pbe QI any nol gcul ar Wel ht ncne
Rt o it PRI PP GO N By JREPE it IRNER £ iy
probabihre® Qi ngid sodfoymativna sirfctures of Sild:‘t&ld caniglafedinymergidbglin
seque:n?ﬁtﬁt g:g]aﬁcg%n 3.0 eg};%g’m}% ??%s Lh&e BB ro%rotf g]efrésﬁff'.lngS the

m~ge nber  an

' ﬁmcnopmg yihe sandilate niamunogbbuluam@attes omn teamalipes o etseklpﬁ that dhfluence the

ability {)@tﬁe ?aﬁgllaatg gfoﬂl qQ §mh ﬁglu'h!i «l-:rg ?n %hﬂ I’lg:ﬁ reklov%Es Eﬁg)e selected

propertie tions
andcmahnub@@yﬁtawmgmtﬁﬁmmmywwqwh9$h@ﬂmﬁﬂnﬂﬁﬂmﬂﬂwéﬂvyChﬂmﬁﬁmﬁc
such asqﬁ(!r%aggf dﬁfrﬁty%lj t{le Ql%e%ﬁ nts'j] @acm%d_a ﬂyge'rl&g],eﬁle gﬁjeh@ﬁg)le region
I ons, t her enbodi nent
residues enjdirgrlyend mf)st alrbsfamalllbi @d’ylvafhm inflyppsingreaiisra dwdng. noi et y
that nmay be selectively heated by exposure to
radi ati on are provided. In one enbodi nent, the
nonpr.ot ei naceous noi ety is a carbon nanotube (Kam et
Humanggnuboesoe. Nat|. Acad. Sci. 102: 11600-11605 (2005)).
Tﬂ%ﬁn&&nﬁ%@l‘gﬁi@ﬁﬁh Yo d@ 0dfheavynting vl RRGksRuctalts combnnng Fv
i ncl udes vel e

clone PRSP ST ST 2R EaR S Toranes vt koo

human BERPAOLRI-RACRRLE s (F)Hs @bsfribal abortee Mematvely chuatan wiohadional anti-

cells proxi to the a t ei_naceo
polsubgipia pyfbotes 09 teotih Btk oot BN g foman myeloma
and moiE&?belfuapﬁ Uiétbl@mﬁfﬂbﬂﬁmbﬂtlmsn&r e pmducslnmgf }mmmambmcbmdgi apfibodies have
vent i ar, red
been gt bot Pt BT RR Mg et g o fodsalhe i Wnpclonat
opti onal phyS|oIog|caIIy acceptable carriers,
exci pients or stabilizers (Remngton 's
Phar maceuti cal Sciences 16th edition, Gsol, A Ed.
(1980)), in the formof agyeous sol utions,
| yophilized or other dried formulations. Acceptable
carriers, excipients, or stabilizers are nontoxic to
reci pients at the dosages and concentrations
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The formul ations to be used for in vivo

adm ni stration nust be sterile. This is readily

acconplished by filtration through sterile filtration

menbr anes. Sust ai ned-rel ease preparations may be
wotepased. Sui tabl e exanpl es of sust ai ned- r el REFEES2006/062115

10preparations include sem perneable matrices of

st SRR PR P31 TR0 o, ey 1997

and Bdethet el LoRpmebl, swpgedoanticles, e.g., films, or

RS SRR MRS PR BLepagBRS thes
immunp@lian( 2 gryditiax y el hypestoiet dfdomyn atibdiesdy the absence of endogenous
nnmmuggllt?%%ngﬁ%l C 01c1: o]por e);:%l%iéﬂé) ‘i%lhg ‘t%%g P&&‘fbeé ltﬂ*ats.he Ecﬁﬁozy deletion of the

utamc aclid

 antibodgtHeyy- dhmmmﬁmm (JHp geng etgcrlmuqm agd garpyling ﬁ@mm TRigp Tesults in

compléf%1 mﬁls Ch ofk e%g%gﬁoeﬁg k! bﬁ%\l ;ﬁ'ﬁjﬁdsﬁm@ Cirgli i YGR HumaRGdrfh-line

Mers s OT'Tm (i njectabl e
unmumgiolvm pheresy bonpesaelios mitgemiee w&r@u@ Py aoties) ¢f human
antlbociif%%%ﬂﬁ/%}?% %@Qlehgél Re0)e 'gg@méB@{;@Emsz@B (N:ﬂokéézd[&( gS4, 90: 2551

utyric aci pol ymers_such
(1993)plahyblowifert va,mtur@é@ 3519 BrusPRahe| - &faye’ofm"em% o
(1993 )enable rel ease of nolecules for over 100 days
certain _hydrogel s rel ease rotelns for shor i g
peeriesbefling\narnlse ve B354 i éi“éﬁ PR RBRRGS TP A ‘E’Ff’é‘r %g TP1 ent,

annbo&&ewpé?gﬂw @ hanBnd WA hisi siRilar bifRicoBM sﬂﬁffﬁiﬁdﬁ ® tRO@iting non-human
gregate as a result of expgsyre. to. noi -

u re
annbocﬁfe sﬁmrfhﬁg toj s gethed vhisp 144150 BTl SPiORE ERRTPTNE A HhC Hinc ooy o
light cIR@SWkiISrecHABOASon imb M MATBOG IR iloptainBaby ghagd display techniques
strategies can he devi s~ed or st.abil.izatiaon eﬁ:&%ﬂ% ¢
o s TR BRSO OG0! P SR £ Bl
non-hud 38 EREFinRA cRRCHBRN bﬁ]m)lcsur&ras C Bsletieniwitiparitigen results in isolation of a
ﬁon—hu::rqrz}% glgagq%ém?ca%: @aén Seg}k.%:gsglgv or%ragaé'ler m thcr}lr H@&m restcgcs the antigen

ange abiliza | on ma
bindin@iif3idest@gledrypommaiotat ofiye smrkeﬁmdmg horr-lowiag glkedn in the primary phage

f T. en
o380 0 L Py 0 L ) 0. e

proces<hie vepkagl in grdepie ciplace the odryamang mpathuingn @@mggw@@ﬁgbodw@gtamed
(see PC,AP W%ﬂ%f/d%a ?%/Ipu% 1%h%5]gpﬁlnlv ?:@35 O@Mﬁ@ﬁa@ﬁoﬂéﬁlﬁ&a&:ﬁaﬂoﬁm%f non—human

ex vivo and in vivo therapeut
anubodwstﬂym grAfting. Wosliedmiaut proisles qopwiptabomag Antibadigs é’awsgave no FR

orCDI@%sﬁQ%s%@ggﬁﬁﬁnaﬁgnﬂﬁ”' ally or fully block the
Specl

ic antigen activity in vitro, ex vivo and/or in
vi vo. Mbreover, at |east sone of the 30anti bodi es of

BlspecgﬁAt)tiﬂytﬁ&tl on can neutralize antigen activi ty from
eci es. Accordi ng anti bodi es _of

 Bisposificanttogis 118 mgaeRPreb o H e padrs ?Péclgﬂ{‘?sgfg‘hﬁ feast two
dlffercﬂtqaﬁhé/clng Y cErtath emHon@gfé Qlﬁipe&ﬂ& kb 6di QR Idimah Bgmfrﬂﬁmzed antibodies.
ant 1 gen, uman_subj ects. or |
In-certajpy Bljﬂg‘@@@enlﬁﬁa&mewé the ﬁgdg]ﬁtspeggixpw ItS or\m{;’gﬂqlg?p ﬁlﬁﬁl&%ﬁ?}pﬂ(gpc lysine
linkagd 43 the DARALS FOAnE Btlﬂésanﬁ&ﬁc iSceft@in@mbadimeppa bizgeific kaiodias may bind
mar noset , cynono us arn. SUsS,
o w0 SR BNBHPIHES P AHE TS Do B AT b b
prep ar&iSR Gulf jekigth MAb&iidsion @nﬁﬁ:ﬂy @@meﬂfs i(a. g/ IF(albﬁélsp&Mﬁc antibodies).
2007/ 1203 / US2 11 5 I
anhB%sof? 'Wii“h e (‘hﬁ;ﬁg E:Ssalrf:c &{' i lggdﬁ&%gltbl{ i ty
recombifant prodlRtitest bish mﬁnmu‘amim ] bmardto,n ﬂtaeh:@ -capredsige of Wy igrmunoglobulin

rotein
nesvy T BRSPS RUre B g B R R RO RN o
Cuclloj Maide] msr@mmsant Bgenseiof thg rmqlbgn@wrtmft pémmgoglpw aeavy and
SO
ish oy PirE R i DR EIREE Ep AN S 1p diflernt snthody
an anti body of the invention such that the anti gen
activity in the subject is®3nhibited. In one :
enbodi nent, the antigen is a human protein nol ecul e
and the subject is a human subject. Alternatively,
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30agent targets or interferes with nucleic acid hi
the target cell. Exanples of such cytotoxic agents
i nclude any of the chenotherapeutic agents noted
herein (such as a maytansinoid or a cal.i cheam CI n
- WG 2087/02083 ve i sotope, or a ribonucl ease or a do/062115
endonucl ease. Anti bodi es of the invention

molec@es otb u‘?m% 0%.'6 Lhehe %hgc@ c1ﬂcr§tr§(9tﬂp' NRtheRatbd IF tRd Rkt

For i nst ance an anti body

- molecds, wm:a i m@hftdpmnbymé@m%éﬁremfaarﬁfhﬂ sicpi fsgahefjcppbersome; and the

produ&g:%ﬂghjé Jw. %{ﬁ:ﬁ%éedu% e Qisc REHAYY T L3S ARBIILE May 13, 1993,

s%. For instance, an anti body of
andmﬂmneck@en?@’Ofo@B:;ﬂFféﬁ (820061062115 i nvention may be
c R%&&?&o‘aﬂdhﬁr&{‘enﬁﬁhheh@ &lt@aawaﬁﬂme RREMQ kit ﬂieldSﬁlféH biding

in treatment schene, in treatin

speclﬁmngsda@@sdsd@%w Jomfinig rf»’éﬁfs}]are fused 19 rgRog gh@@rmﬁ%‘% @‘H’i‘aé‘}

scquergéss Qe Glion, ixAHpIL, P JhViﬂMmh@I@ilﬁﬂh@eﬁﬁiain&onstant domain,
di sorders, imune/infl a or

COmpri§ig p@pz@:@pwf thgihinge. &‘é—].’ls ?mc@%ﬁla erEaPcHiunents the first heavy-

chain d?)ﬁ&ﬂ%@e&mh?bﬁl)e&nmlﬁ@rtﬁéﬁﬁts n@d@b}rydﬁrrﬁghﬂﬁdn binding,js jpesent in at least
not ed above incl.ude conbi ne

d ti
one of o, ONARGRaOHG DR COTTIPBPHEN iR i R S E e

immur®SRBUIAIRh{ DAl HrEihsepBibhto sqmbtese@msmlsfea:dm anil sie cartrpmfected into

a smta*jlg @% If)%%ﬁ%iﬁ“%&\’j?es Stg%ea% 1{16)(%111 dllala}% rﬁﬂ%&&ﬂé(al Blfop&]agns of the
three pa@m:pﬁﬂs frfighidnBin aﬁboﬂimnm ddhanmmqttah atiognf ﬂ@rﬂutﬁrmls@pwte‘rs chains used

Lib d Cruen
N

for two drall lﬂﬁbd’;gnl}ﬂﬁptdn tipia lig ors whirets@n e ol whemthp a?ﬁ’éq‘sﬁﬂﬂtb‘?féﬁleaﬁ two
polypeplgci r APl %nl?a Posq* S‘E%té i e@r}?ei(ﬁlor whOBRratibslard2b pRHc BT

ral esi“onal adm ni sti anon.
s1gmﬁ£flacaent er aI | nf usi ons include intranuscul ar,

L@ LD Sent bf}hks %ﬁg&a@ﬁ i pispkd1hid AHBBSdids Qﬂ:@;@iﬂﬁos@d of a hybrid

su cutaneous a tration. I n addition

immuglobndyaiysheu ith b e e PSHBFE P BRF 1663 PHrigdmppmogiobulin

heavy PAL i Lk aéu‘(‘ﬁgBﬁdlgteﬁéécéSHd%cﬁt%%ﬁ&lﬁbﬁty)tlh ehe dfhET B0 Y. was found

sing can y._any suitabl e route
tht s BN ot S LS PR RATRE 05 1 e o fom

unwan’teﬁhxﬁﬁﬁﬁ&[b%ulnﬁ%@ﬁ@&hﬂﬁaﬂo& Ratht profendd v bl Riinlglobulin light chain in
dmi ni stration is brief.or,chronic. 5The | o t r}ogcfhls

only opHBIF g Heectigrpliculsprogides,for ¢ ’&ix‘”“%)’f SREMy e
d1sclosﬂ@ih WO duAKeI. iFot frtEd Ashittef gérearing Elsgamﬁpamabm@rscaﬁd example,
dm ni stration of tg? g{bt(:lg y. Wen the binding
Sure“hteéf‘l &fethods wEmpmofogRdfiat Y Wi ecul e, certain
emlﬁgﬂataﬁoma‘r aﬁﬂﬂ@ch, nveankifen bpmwes deirfobantibbdy rariéculss chp be
or .anti gen |nd|n t he 0 [
enginepid B AR B P PHEPE® LHEE I G D heoxaoa 3l A il el
cultureomﬁb iariragdicompdscs arlnaaratpmb ofithe 6ﬁ3 ddmenini crf\ae mittibody eoagten domain. In
ressed [ ntr cell | wTRE: LE65
this e} t i OAB Sy gélmﬁgcel Slﬁéé?%?lrsl%m tﬁégﬁ%gxgtngaﬁ%l ;
moleewlé arandplageiwidi Iagemsiplepbains (8. tytysineerftrypieghan). §0§3?ﬁ?5é*§§’e gavities”
of 1d611|3192}.1 59 s%%h%.r%z@q e ﬁ% sk ?A afeaog%@ggnsl g{e In?t&%a@&&ﬂ NEdeYond antibody
moiecﬂmhaspleemgzame amhve reif yldaeham withsmoitpy pues kot tlapifgeffhreonine). This
A g { 8944 the bktSoaiBat &BE ot Sawanted end-products
med%éEdﬁ%g%ﬂ%nfmé]g %ﬁjl 3; U BS Pgt ent Apopl [ caﬁncfn a ,
such aﬂuquu%ﬁm on No. 2003/0104402, and PCT Publication No.

i Q;%{C%KZ%EES mhmtaat.f &gﬁgﬂa&a{r @é@é@ﬁﬁg@g aﬁﬂﬁboailas For example, one
i nttabo s effected by introducin cl ei c
of the ayibertigsrigy thle hesergrayyealg camirsiogudls 19 avidig ﬁh@%‘ﬁ B?U‘H&‘Ph @“gh anbodics
have, BPELIER, BebepBMscd oasdt REmbRQyerh eklk ypewheadietls (US Patent No.
sequence and secretory signals nornmally associated
Wi th the gene encodi ng tha(% anti body or
antigen-binding fragnent) Thto a target cell. Any

standard met hod of introducing nucleic acids into a
cell may be used, including, but not [imted to,
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menbranes. See, e.g., Chen et al., Proc. Natl. Acad.
Sci. USA (1999), 96:4325-4329. Wen the binding
target is located in the brain, certain enbodi nents

, of the invention provide for the anti body or

* woani/gess4bi ndi ng fragment thereof to t r aver s PGHES2006/062115
bl ood brain barrier. Certain neurodegenerative

S al &..a5 gw‘db b and EP 03089
4,676 %gi W?afm 12?6%55)3{)6%% br alﬂ(ﬁ?’ a?‘{(‘??@os Esuch hat)
Heterotda@oamnﬁjmdays oey bhidg enna)mapwgmﬁmmkﬂlﬂw%és Suitable
adi |y 1otr { jos BN e bﬂq@%ﬂbm a
Cmss_lﬂlgmg e?eYlFsgﬁea‘fﬁglg&?%? gct?e sg?/%g?&a?st - known z:\lppr oaches =
with 2 exitst of @essdinkinsigomiquay ol ecul es across it,
I “Pcchn% |G ogﬁgranﬁ%fnséécmctaﬁﬁ)o&@s R Ysibed) frﬁ&kﬁl@ gsic also been

based recept or and chan ok
descnhwréﬁhbdlstera@rw dloterempst Mw@ﬁwﬂg?daﬁs%ﬁ Rf?@rﬂgh‘émg Hefita inkage.

Brcnna%@ L QQchg r28¥1 983y Rl R ?roﬁ:&ﬁmielﬁﬁfaeﬁﬁuﬁdd&:s are
'ood- 20

rain barrler i nc but are not

protcobilie oA F o BEBEES: VST BFTY UF SOHCP P fresencs of

the dltl%l c@%pl@hﬁﬁﬁécﬁ&o@ﬂﬁ%gﬁﬁ: th ﬁaﬂm vtﬂlrﬁmit}ﬁlﬂﬁnﬂ phaent ingarmolecular
cummvention met hods i ncl

t
il R GRERTS TGS HE LR BTHET @ 4b g ghinkite (TvE)
derivatin@l AD@Ir aRHzPUNES dcdivatived3e fiRn Tdoem@nsd 10 the38B thi@lﬁay reduction with

mercaéj%qt}}%\lng@e al(ngté%[ui%é %% ael@bﬁ%l%%{ grgﬁ/)u% Ftﬁec(t)d‘lecl)' Eé‘? ﬁﬁ%%ﬁ%ﬁve to form
the bisRific abAdP1ThcdNpeeiROBBLEIE PA)Iced amube uvp] @ppdnfigorhe selective
dllvery device in the brain (see, e.g., GIlIl et al.

immobiligptigne T SEWEES: 9: 589-595 (2003): and Qiadel Wafers,

_ @weﬂflﬁdﬁesmm&ﬁbﬁ ﬂheéllre):t Iembﬂywﬁaﬂ)ﬁﬂ(ﬁaglamtq'}fg)mﬁ' coli, which
eni th Fri e e ol

can belc e F&‘g’ﬂ %%Pg§gpec%{c an{q&) % S]BBH% ﬁz‘?zrl ’P{J %?1? él%e!d?’(l)‘lri]se 17- 225'

(1992)N65cn2@|ﬁ8ﬁ1@&3‘ﬁ@861)a, ﬁﬂb;slm@amz:ectinm@ﬁp antibedygfi(ab)pypolecule. Each Fab® .
m ni stratiaon. of. h Neaaigh toupn 4

o A SHAL L T PN LG s o

form th;‘umpmﬁﬁca&nmbmdy Vot bispecific autibpihefugiopped s alNg 1o bn.ld to cells

overexéress [t t%e) }I‘IEIfocg%ﬁg dﬁo@ﬁﬁl%nm”f cﬁls,gas ,wehrasaﬁlig Hieﬂyt%gwﬁvity of -

Izer see, e. S. Patent S.

| humanSy hHRicE GBphoBy ERIRG JumE @%ﬁ tzmef targeld 5, 686, 416), and

t {Fmg %@Eﬂl@ﬂ s Rf nAEME 2SI hRE bﬁﬁ&cﬁﬁ@hﬁ)oﬁjﬂ ﬁa@ﬂl@@dﬁr&ﬁl@ ifram

barrier w vectors contajl ni ng S €n

 recomtpinl ity hasteog BRIy T e Dt Sibgis Hyegeen

producF> @E&fgt lecitRl Agpad] RBstdey erZzDQﬁan;Q&BQ,Qgs(S) U4p+16533@9m The leucine

ds of transportln the

zipper ﬁ?ﬁﬁud@GefFPnbﬂlﬁ EPsigr ﬂ%‘g‘t@m were Ihg]geg ﬁlg}é%l? 8%1'80[5 of fwo different
antiboB& Uy he fuliGh. UFR antbtidy 86:80d%0érs {vvbﬂmﬂdﬁidsdtamhc hinge region to form

encapsul ating, the ant bod r ant.i i ndi.n
monoqiqr%@ﬁélpﬁ] ri;-ﬂmng W&% f§|h8t 18)8 &% @eéhng c%n agso be utilized
for theprdudlétRa of ﬁﬁmmmomoum&&s bihe tdist dy e cdpblogysdesmibedey Hollmcer et al,

e i e T ST
blspecﬁﬁqmaﬁﬁﬂgﬁﬂcntsa Mile frogidngotirise amtdviyatisin gariable domain (VH)

ndi n R, Ring
coned 9 897 £03 S DRIBOL D AT 03?@“55 Qafhebdine
betwodd 16 twBalbanais Apfhk soatdhain. Rofvkdiedy, itV Hend Yo &éw)ﬁ'agmeﬂt
or aoll opr ot ej.n £ PeisH t, thereby fi g
are fmﬁiﬁ‘p}f’g PRl %%?lemg}m('%%ﬁ%‘?v%odé’ﬁ%{f%ﬁgz) sgment, thereby forming
two anﬁ@ﬂﬂmm ¢ sitedl Aohtersehietaioeniaieg Hegeifip rnibpdyfgments pipthe use of
singleg Fam an {)#ﬁod%{ PhasBRb bEa ﬁ%&t@c@" si?eg GritROSFRNLT. BEF.H55, 151“6368 (1994).
Bartier |nc but are not limted t ﬁ,
usintitepdips with owre thartivg vbkem@rescowmpliaﬁ@r Rogg@pmple, trispecitic
{ lmRgprarvokegoij. er (see, e.g.,
mubo%@g?%ﬁ%?kﬂeh&ré’d Olfulﬁlegglt‘fbon Publ i cat ?on jI\Ios
2002/ 0065259, 2003/ 0162695, and 2005/ 0124533);
activating potassium chann8 s (see, e.g., U S Patent
- Application Publication No. 2005/0089473), inhibiting
ABC. dr ug transporters (s?_e, e.g., U S Patent

e o v o B o o — o~ — a e~
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For the prevention or treatnent of disease, the
appropri ate dosage of an anti body of the invention
(when used alone or in conbination with other agents
such as chenot herapeutic agettis)w ||l depen QE ,
- WQ3ppE12834di sease to be treated, the type of rﬁq‘:jt{)% y{OGmS
the severity and course of the 25di sease, whether the
anti body is adm nistered for preventive or
t herapeutic purposes, previous therapy, the patient's
Multivelentednghediasi st ory and response to the antibody, and

t Rendiverhahimiy Rhy biietcAhliR0 dindg: ahysliei)ater The a bivalent

antibody is sultably adpn nlst to ¢t
antibogyriy atcpl}%xp‘@ps%ranté:egéq T ‘n{bgcg? Eﬁa %{5 cheea of t%e %resent
inventibiEanthY¥ Qﬁlﬁaﬁlg’m SRR Hwhadh afchﬁhed ihse ek Igh&xzjaa;ts) vmﬂuq;ekg more

to 15 ra e
RO TR AT
expresfibtforRadidielid endelindvhé Ptypeptide Ichfensa)tﬁ'ﬂie entitoyy. dhe moltivaient @ntibody

separ at e .adni ni st.r at or o | N o
can cowe F?ﬁe&a&}ﬁoa ?Iflg}ll gr %61‘ mor% ]}{‘lf:,g gﬁé&%ﬁgt?hss gg@ E]Hl% Hﬁﬁo dom 11

ompn@@/(&@oﬁsﬁtsl)@pfoﬁgidn@h@ fin E‘YIIngn d@ﬂm@i rqgganoh thik @ﬁ‘,lﬁ@@{ tbe aptibody

ntio ed abo For j -
will cog:t@v%rag Efgvg a% ee or mor% B%ggtg gl.c\jj %%1{&5 %ﬁtgttégfgﬁxéll t?:ﬂ%rll:e region. In

~ one cnibh(ﬁmbﬂt,eaahut’ewatenvmboﬁygbememwﬁ oy capsisis aBt faf exewpigriep togbout cight,

or four antzén&e% Fl%dl%g DRL &% prlvt foi s Iﬁ%@or@ﬁ%ta@fé&t Qﬁéﬁé[)?ept@ €hain (for

osa €0 e antibody woul d be in

~ exampleang @ol&papnﬂeamm) shasnteipelypwtidirdein(SPIIRET 1IG OTHGE varisble

domal%nl% mﬁr%rtﬁag&rgaeeéu&fchﬁb@%aﬁoﬁggée@l @Ql@rﬂm n -Fc, wherein

(or any co nati on thereo
VDI isyefirstdmiiahiesiomaindV D3 istarecopd virishie domge e doE obRsp %ﬁgm of an Fc

region, %91 N Ib(gtrgpﬁ'(%glt anid Qd4b gnzméﬁﬁg | oS8 QQ64rQ 612k lrﬁtance the

nt eui dt tent . every. week or e thre e
polypegweghalts(s)@tﬁwh@tmﬂtehgﬁt%{ﬂ &bl “rlé‘é‘%‘t%sa/}f %ﬁﬁe %’f’“’t Sh-cl-
VII-CH PF@QQU& HaMWE Tl dmuiBValdit ShtibedyMdteinShay faeise Sortifrist rdeast two (for

ant i . An initial er. | qadi n
examplgy fog) agltﬁ%h%‘faeatlsmmﬂ%%@%@o@ R G R . B
instancd@ XBHPHR MGG o ERPbirREhCiipetiamesridtindoniagtrelypegidesn The light

chain ‘%\‘g!@% alrrﬁgolﬁf F&Hgsgcﬁ)gtgg]gla g‘ﬁ%tg Bé"n&{nlgg/ i:'%?f &lﬁa%l #a?%‘ﬁg d&yau?and

cmumﬁmﬂﬁﬁm@ymnmhwemenmnmhher dosage regi nens may be
useful. The progress of this therapy is easily
i tored by conventional -techni ques and assays.
A””“%?P”Eﬁ@% of Manuf acture I n anot her aspect of
tH&hDY tdjn%lﬂ @5&1& %’q §enlf mPBRLERRL) W fhe GBI dRGibed
nBCErT als taar e treatnment, prevention and/ or
herein afic agn@mlaccbeot w@nmles@mebedea@&tp RO veribs Rinding affinity andor

other bPolo ca %Jeru-gp gf #L Eﬂtﬁ)h& %ﬂpm%ﬁébﬁéwaﬁa&@ﬁﬂﬁd #fBod are
r-an or package |nsert. on

prepar@dsksfomoducemg amptOhnttth eu%f‘@ﬁ@t‘aﬁhﬁ%ﬁes ntg the %P%iyd’ﬂﬂtla Ptid o5 by peptide
syntheéltﬂ B o diFEio R AR tor %@Eﬁ)iee&ﬂen\iﬁhsﬁﬁoia B/ dit@ﬂﬁns iefo@nd/or

e containers may he forned froma et
‘substitptonged, rgridues wathinghe a@tp%%%cqﬂeqtmn% an the anf-ﬁgr!’lyc o/%hy gP‘ﬂlélPaﬁon of

delenoﬁ %5@1%0& 200 SO Hh drQan WhinGdR tb Srriby atittiesihf coﬁftm\mhpmwded that the final
mbi ned wi_.th anot her. conposi tlonggifect ve duced inthe

constrict @ateﬁ%%@the Arsdeb AT EsIGY O BRSNS SRR ‘e“"‘% S lpdnges

subjecPRED Y8 el Be®biRE bl Be ABE BSScqend i hate. exanpl e t he
.contal ner may be an intravenous solution bag or a
VA%heﬁil@ﬁaﬂMﬂ g idendfiQppess cpmen oeidins er tygions ¢fyipadtibody that are

ctlo needl e).. At Lg
prefcrr&% jons Plb‘[ﬁu gengs s 15%:&116 ng?sga%ﬁgg %h%égerﬁ%?% nrllts dés@nﬂeﬁ By

Cunning@ie hndoW el d6ay Bcibnag @4: 1@&1 eli0gat e, ahesidug lyegroup of target residues
conposition is used for treating the condition of
choi ce. Moreover, the article of manufacture may
conprise (a) a flrst container with a conposition.
cont ai ned therein, wherein the conmposition conprises
an anti body of the i nvention; and (b) a second
container with a conposition contained therein,
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synthetic peptides including an isopeptide bond
m m cking either K48-linked pol yubiquitin or K63-
|'i nked pol yubi quitin: No enrichnent was observed
~after six rounds of selection. The synthetic %

womeoRbangt hened, and the nave antibody |ibr &6 Wéfr"@“s
agai n screened. Once. agaln no enrichnent was

., Observed after . |x r LQB b 1
are 1d61{cgjs§ﬁ éeg% chaTgs, rﬁll e such & n% a.%I 1) I?S(bj!ﬂgl%hﬁ %drs;gl?l &\Nesr’ g nentral or
negam&lg}'k@hﬁgddetﬁnﬂocacfdajug flouwrds pglﬁralmlm iqlp@)e/g‘. él}eé@tpr,a(mﬁ)n gé‘rélp Arajno
acids V\F@ 6% T bl E:’, P n]ﬁg L I%c#%l\ﬁ (%ogétlfdﬂt@ e oda NG SlBE L | N

es ant’i body library,
substingong mmase mﬁmkbmnzt@ducam b afher VHAER P, pHPR 1o Ve

agi 0 &m&ﬁkﬂi ik pla@dermined,
Sm“u%%w’??gxﬁﬁG%Q%FLg%g%bgﬁﬁ%%%g%?%6ég7) &gnd IS baged )

‘menﬂhﬁnﬁmwzmdhantwhmmwdmﬁﬁep@@?ﬂ%?ﬁﬁf$%5¥my s?ﬁ?ﬂ??ﬁ? &%qmmwc

5 KORuthdehdeR G d@ﬁ&hﬁ%b lathi¢ fatg@t codon or
ofa mu 10n a! %%Blgngﬂﬁ s!:alll}ﬁilk gr I?]rﬁ]dol o ttﬁ ( Eost i ochem

region wgirthe mmgd inimpengelobiling 2rge¢rpen §9F§‘6 P Yf@’pl at es

(NUNC). The pl ates were coat ed n o
ohming@eid graurE SIS (CBF FTHEP LT ??q? %ynéﬁm fufioRi el in
length ‘f‘rgﬁq QQ@‘@&&Jchlf)(tlﬁfepu&lﬁc&ltzﬁmmg NRunded bedop kailes, aseved as

shed wth phosphate puffere
inrascipiep B O SEEE H&P‘“&Bg ai’i‘é‘wsaé‘gd?ﬁ‘a‘f&f’sbgmgnﬁp%%ﬁ‘gml msertions
includ EASRIRbdy ¥ith 8 RAAEERAL fathioayl reddul 026 antibiRSused tver Q@toxic .

polypegéqagg %&gﬁ%bvs g%%eﬁr}l%%/ h g le\(l:vI lg ch EF thg Rl@i‘i)ffi“toqh&g eor C-

was 1 ncubat

terminid dfhe kbR toQ:il B (P Q&g:e%lhﬁ?’l?) QT spcrlmeptgie Isich dncrep @S e serum
or casein, 0.2%in PBST) for 2 hours at room

7hﬂfh?éﬁﬁ%?ﬁ@ﬂbé Each wel | was mashed eight times in PEST

t nove - nbo nd_ph WeH&E: ahﬁhggxaﬁﬂ 1
PTSH 1%ET' ﬁﬁﬁﬁg ﬁﬂtes ®and t he et one

amino G(l:uﬂl Aaitlueia shenatitodaimokede Wpf‘lpﬁd@YM(hﬁqr@t lﬁﬁg‘@ Thﬂ’ﬂ%eséqufeéta‘r’t
I Sa1RL RoieR but KR alterattinbigre also
ineresD PG AL RAAE B 39%5%.9%?‘%% SR IR -
contenpivagle CoNewarghbatititiBisoiraiheyn in Table A thehead %‘P{g@fé"“’“e
Subsﬁt{.l 0']19' lifs s%gh &%ﬂuﬂ%ﬂ%&bxﬁﬂﬁh oﬁﬁ@@ﬁi@ndﬂfﬂmﬁﬁkﬁﬁ{y ’@Eh ﬁgalsﬁtﬁfannal
target that was used in the

changdéodtn@@lln@@d ieemnlary sebstitetienst g Teble A, 0P 7’I e?f Eﬁ]{}’ F}lwr%n
referenleto B A PEGsicH ﬁd}%e%@foﬁh&fég ath pbaRS séreened.

count ersel ection. "Rounds three and four wer e al so

sorted both with and wi thout additional-

countersel ection: eitherTABLPpg/ nm K63-1inked

pol yubi quitin in.the K48-1inked polyubi guitin
Origasel ection or 10 ug/ miA4SmPlaRked pol y{bi unfﬁf‘ﬁf‘f“n
Regithe K63-1i nked pol yubi g¥nbstimiiens oct i gn Substifations
Aldagse cl ones mh=Vd.é@LQ@t|on rounds tm&‘?b f our
L acked—pehytbi-ei s gntersetectiom, rod grvidual
Argfdnes were gro ﬁ a"96-wel | format iln”"400 pl of
AsE(q brotn suppl G&nH@QAyp,ws,mag beni ci | }iGin and ML3- KO7

hel'per phage QlnnrnaLaan—LLeﬂ+%hese—fﬁ?fﬂfesﬂmefe—~“
Aswﬁ@d in hlgh t hf 6gABt phage ELI SAs t g “H¢

reen cl ones

birnding—to al NKEd polyubi qui t1|’e K63-11 nked
Cy%g%0|yUbiqUitin S%ﬁ%gU|f|n and BSA._Alll _clones were

Glsup) ect ed to'DNfAmEQHence anaIyS|s A parsion of the

iA—tha HEeS LIIC HYR—was t ellced,
GhefB owi ng f or anLﬁ@%tgnof the heavy chailn HWD

7 Gh¢§§1/14U554PL|1 | ARZ006/ 062115 hypervarijaiid e regions.
heavy chain hvnprvarlnhln rnmlnne flor t he—el-ones
Hig @ogni zi ng K484 Pﬁﬁ%ﬂ@fp@+¥%bqu|tln ol B8t h
K48-1inked and K63-I|inked polyubiquitin are shown in
Figures 2A-C. The heavy chain hypervariabl e regions
_for the clones recognizing K63-1MWed pol yubi quitin or
“both K48- |inked and K63-I|i®hked pol yubiquitin are _
shown in Figures 3A and 3B. The light chain HVR for
each cl one was not sequenced, but based on the nature
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regi ons HVR- H1,

HVR- H2,

and Il VR-H3 are shown in

Fi gures 8A-C (specific for K48-1inked 30

~ pol yubiquitin) and 9A and 98 (specific for

pol yubi quitin).

K63-1i nked

The I'ight chain HVR for each clone ;
WaRg87/H8834sequenced, but based on the nature JiCHRF006/062115
YS-8 library, the sequences of I1VRL1 and HVR- L2

Original”

Reg

expected to-be T VR Alfhyy W 1€ T
&%uence was exjpect ed tfsﬁbi\rﬁﬂ i

Rufedn@ne- spec

7

€ HVPyeferred
fi CSubIthﬁtions

VR-TT—SEeguenc

11‘*{I e HVR- L2 seq %&qﬂ&ml AT
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o
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carhont ~v 111 A
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carhenicillin
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A

Tyii(¥bcul at e 500 ni Tre:dihsl BYXe>SCRAP nedi a (
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Pee 1. 07 g KO,
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L. N14-4
L

Xt L 2GEorGEEd i'fied),
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0
JeLet 5.36

'g“Hycase SF

ol I S ] (AY
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pH—adjusteato 7.3 by add

tron ol KOH
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i ioR2ick prigertikd ot BbR Srcadeihlished b
| ?%%?tg@y‘?%ﬁ&n@%f%ﬁh%g%% 73T ni L 50‘&?% e R lihed by
selectingrsabstiuiphs, tha diffenpgBapnEOT el o8 BT @) thrstrugh of the
polypeﬁﬂda%ckf)&{e iR the BRY b Sth@bubdBrion fohexafibleads iaGReet de@blical wvafodmation,
arvested by centrifugation and the cell, pe I(ﬁ.ts re.
(5)the ghasaecad omPIEY HAtFSTAUBTE TH U TTERHCoY (O RS derie cfiin
Amino@&ANmEEbd orikd Rlcordthg 8bsifiiarkiol th thaGbpehith dfahei( RBShaind®OA. L.

.raM NaCl) contai njng O. 0 and .0 L
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@ “nqh?geé]tpé’la\%fgy k@a%ggo ﬁgm%ty% ?C:ﬁltefesf Mne@fg%g g%)ac ol ums
(3) acifé: @AWY, Gr@j ed wi th wash buffer at 4C. The col umms

wer e she it h. .50 M cold wash buffer, eluted with
(4)1’,&33?:{15(5(@?1“&/&9\2%?' acid, and neutralized with 150 ul

ok lte2nahil dly,imatutadlg eccuiing residutedayFalkvigadino groups based on common
id buffoe[%&ieggchanged into PBS and concentrated using
side-chel DFOPCEIF D 10 centrifuge filters (MIlipore). The

r @siyldtaphopiEaborlasine et Al YrlsLevele det er mi ned

2 R QIRY isGalhY Al (@P280" i = 1.55nmy/ ). The
c@ﬁ%e%%lrhgg‘g ab g’\%/gl?e st onrled "at 4C. Each Fab
wasacidic |Asplédwi n an ELI SA protein assay, as descri bed

iﬁg‘yﬁ%‘“ﬁ@» ’t@ém'ne its relative affinity for
-Ti'nked “and“K63-] i nked pol yubi quitin, and to
clhiesidues thaninflydnee ghaiy opgaatimet CheBti ve with

NRNQHRLQUTL BrOPreBSA. The Fabs apuO1-15 had greater

specificity for
K63-1i nked poly
denonstrated gr
pol yubi quitin t
the ELI SA. Apul
Al 'l

K48- | i nked pol yubi quit
ubi quitin. Fabs apul7-a
eater specificity 25for
han for K48-1inked poly

6 was not produced as

Fabs were subjected to DNA sequence anal ysi s.

in than for
pu24

K63-1i nked
ubiquitin in
a Fab.
The

am no acid sequences of hy&ervari abl e regions

1 VR-H1, HVR-H2, 1{VR-H3,

and HVR-L3 f

or each Fab

that bound specifically to K48-1inked pol yubiquitin
are shown in Figures 10A-C. The anmino acid sequences
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Ki netic constants and bi ndi ng constants were
si mul taneously cal cul ated by nonlinear regression
anal ysi s using software provided by the nmanufacturer,
and are shown in Table B. The 15l anguage "NB" in
waatl7a2834 ndi cates that no bi ndi ng was det ect BATAIB2006/062115
Ehe hndicated interaction The | anguage "nd" in Table
i ndi cates that. no d was nmeasur ed f or
AP s R ) P BT P BB PFE of e classs for
anothéé |crz\%t isacHCsRgiadtBsidiks dAsonadytticeitloduce & aly thoconkirtivngbstmtion
lL.ubiquitin are ver imlar to those for binding to
ﬂws%&ﬁ&Bﬁ%bﬁ?TﬂWﬁ'nW?c %héﬁ ?k% Fabs appear to recogn?ze a
pamkh@ubﬂmbﬁﬁmbﬁﬂkﬁw&uﬁﬁmMﬂgamhmhwﬂmnommmehhmqemﬂﬂqﬁwmn

e R Bt OB R 581 i,

varlanﬁé)tsble&ﬁi MUfnﬂhm idevetopRaltsvit bavimdificd b doymBpsdiDRelogical properties

4
rela‘avg tc‘ tlhé{ ent fugiﬁ) (?yli!(o ﬁgh B)%% Xrg ?{:J flﬁaehl: { Icﬁﬁ%@eﬁ’t%ﬁ for generatmg such

subsm‘dumial @umtt:s nvolkes pifkdf Mmaturation ikdng thagerdisky kBﬂeﬂafoffeﬁerPIQ

hypervangblei:(r%gon sites (e( é %M’sﬁls) are mutated to generate all posmble amino acid substitutions
at each site. The antibodies thus generated are displayed from filamentous phage particles as fusions
to at least part of a phage coat protein (e.g., the gene T product of M13) packaged within cach
particle. The phage-displayed variants are then screened for their bialogical acﬁvity (e.g binding
affinity) as herein disclosed. Tn order to identify candidate hypervariable region sites for |
modification, s_ca‘nnihg mutagenesis (¢.g., alanine scanning) can be performed to identify
hypervariable region residues contributing significantly to antigen binding. Alternatively, or
additionally, it may be beneficial to analyze a crystal structure of the antigen-antibody complex to
identify contact points between the antibody and antigen. Such contact residues and ﬁeighboﬁng
residues are candidates for substifution according to techniques known in the art, including those

elaborated herein. Once such variants are generated, the panel of variants is subjected to screening

" using techniques known in the art, 1nclud;m'J those descnbed herein, and antibodies with supenor

properties in one or more relevant assays may be selected for further development.

Nucleic acid molecules encoding amino acid sequence variants of the antibody are prepared
by a variety of methods known in the art. These methods include, but are not limited to, isolation

from = natural source (in the case of naturally occurring amino acid sequence variants) or preparation

_by-oligonucleotide-mediated (or site-directed) mutagenesis, PCR mutagenesis, and cassette

mutagenesis of an earlier prepared variant or a non-variant version of the antibody.

It may be desirable to introduce one or more amino acid modifications in an Fc region of

antibodi¢s of the invention, thercby generating an Fe region variant. The Fc region variant may

comprise a human Fe region sequence (e.g., a human IgG1, IgG2, 1gG3 or IgG4 Fe region)
comprising an amino acid modification (e.g. 2 substitution) at one or more amino acid positions -

including that of a hinge cysteine.

In accordance with this description and the teachings of the art, it is contemplated that in .
some embodiments, an anﬁbody of the invention may comprise one or more alterations as compared
to the wild type counterpart antibody, e.g. in the Fc region. These antibodies would nonetheless retain
substantially the same characteristics required for therapeutic utility as compared to their wild type

eounterpart. For example, it is thought that certain alterations can be made in the Fc region that

69
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would result in altered (i.e., either improved or diminished) Clq binding and/ or Complement
Dependent Cytotoxicity (CDC), e.g., as described in WO99/51642. See also Duncan & Winter
Nature 322:738-40 (1988); U.S. Patent No. 5,648,260; U.S. Patent No. 5,624,821; and W094/29351

concerning other examples of Fc region variants.

~ In one aspect, the invention provides antibodies comprisihg modifications in the interface of
Fc polypeptides comprising the Fc region, wherein the modifications facilitate and/or promote

heterochmerlzatlon These modifications compnsc introduction of a protuberance into a first Fe

'polypepude and a cavity into a second F'c polypcptlde wherein the protuberance is positionable in the

cavity so as to promote complexing of the first and second Fc polypeptides. Methods of generating
antibodies with these modifications are known in the art, ¢.g., as described in U.S. Pat. No. 5,731,168.

Immunoconjugates _
In anothef aspect, the invention provides immunoconjugates, or antibody-drug conjugates

(ADC), comprising an antibody conjugated to a cytotoxic agent such as a chemotherapeutic agent, a

drﬁg, a growth inhibitory agent, a toxin (¢.g., an enzymatically active toxin of bacterial, fungal, plant,
or animal origﬁl or fragments thereof), or a radioactive isbtope (i.e., aradioconjugate).

The use of antibody-drug oon_]ugatcs for the local delivery of cytotoxic or cytostatic agents,
i.e. drugs to kill or inhibit tumor cells in the treatment of cancer (Syrigos and Epenetos (1999)
Anticancer Research 19:605-614; Niculescu-Duvaz and Springer (1997) Adv. Drg Del. Rev. 26:151-
172; U.S. patent 4,975 ,278) alloxﬁs targeted delivery of the drug moiety to tumors, and intracellular
accumulétioh therein, where systemic administration of these unconjugated drug agents may result in
unacceptable levels of toxicity to normal cells as well as the tumor cells sought to be eliminated
(Baldwin et al., (1986) Lancet pp. (Mar..15, 1986):603-05; Thorpe,‘ (1985) "Antibody Carriers Of
Cytotoxic Agents In Cancer Therapy: A'Review " in Monoclonal Antibodies '84: Biclogical And
Clinical Apphcanons A. Pinchera et.al. (ed.s), pp. 475-506). Maximal efficacy with minimal toxicity
is sought thereby. Both polyclonal antibodies and monoclonal antibodies have been reported as useful
in these strategies (Rowland et al., (1986) Cancer Immunol. Immunother., 21:183-87). Drugs used in
these methods inclade daunomycin, doxorubicin, methotrexate, and vindesine (Rowland et al., (1986)
supra). Toxins use(i in antibody-toxin conjugates include bacterial toxins such as diphtheria toxin,
plant toxins such as ricin, smallr molecule toxins such as geldanamycin (Mandler et al (2000) Tour. of
the Nat. Cancer Inst. 92(19):1573-15 81; Mandier et al (2000) Bioorganic & Med. Chem. Letters
10: 1625—1028; Mandler et al (2002) Bioconjugate Chem. 13:786-791), maytansinoids (EP 1391213;
Liu et al., (1996) Proc. Natl. Acad. Sci. USA 93:8618-8623), and calicheamicin (Lode et al (1998)
Cancer Res. 58:2928; Hinman et al (1993} Cancer Res. 53:3336-3342). The toxins may effect their

cytotoxic and cytostatic effects by mechanisms including tubulin binding, DNA binding, or
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topoisomerase inhibition. Some cytotoxic drugs tend to be inactive or less active when conjugated to
large antibodies or protein receptor ligands.

ZEVALIN® (ibritumomab tiuxetan, Biogen/Idec) is an antibody-radioisotope conjugate
composed of a murine IgG1 kappa monoclonal antibody directed against the CD2( antigen found on
the surface of normal and malignant B lyInpﬁocytes and "In or *Y radioisotope bound by a thiourea -
linker-chelator (Wiseman et al (2000) Ear. Jour. Nucl. Med. 27(7):7'66—'77; Wisemaﬁ et al (2002)
Blood 99(12):4336-42; Witzig et al (2002) I. Clin. Oncol. 20(10):2453-63; Witzig et al (2002) J. Clin.
Oncol. 20(15):3262-69). Although ZEVALIN has activity against B-cell non-Hodgkin’s Lymphoma
(NHL), administration results in severe and prolonged cytopenias in most patients. MYLOTARG™ -
(gemtnzumab ozogarrﬁcin, Wyeth Pharmaceuticals), an antibody drug conjugate composed of a hu
CD33 antibody linked to calicheamicin was approved in 2000 for the treatment of acute myeioid
Ieukemla by injection (Drugs of the Future (2000) 25(7):686; U.S. Patent Nos. 4970198, 5079233;
5585 089; 5606040; 5693762; 57391 16;5767285; 5773001). Cantuzumab mertansine C[mmunogen,
Inc.), an antibody drug conjugate composed of the huC242 antibody linked via the disulfide linker
SPP to the maytansinoid drug moiety, DM1, is tested for the tfeatmenf of cancers that express CanAg,
such as colon, pancreatic, gastric, and others. MLN-2704 (Millenniurn Pharm., BZL Biologics,

Immunogen Inc.), an antibody drug conjugate composed of the anti—prosfate specific membrane

antigen (PSMA) monoclonal antibody linked to the maytansinoid drug moiety, DM, is tested for the

potential treatment of prostate tumors. The auristatin peptides, auristatin B (AE) and
monomethylaunstahn (MMAE), synthetic analogs of dolastatin, were conjugated o chimeric
monoclonal antibodies cBR96 (Speclﬁc to Lewis Y on carcinomas) and cAC10 (specific to CDD30 on
hematological malignancies) (Doronina et al (2003) Nature Biotechnolegy 21(7):778-784) and are
under therapeutic development. '

_Chemotherapentic agents useful in the generation of nnmunoconjugates are descnbed herein
(above). Enzymatically active toxins and fragments thereof that can be used include diphtheria A
chain, nonbinding active fragments of diphtheria toxin, exotoxin A chain (from Pseudomonas
aeTuginosa), ri_cin A chain, abrin A chain, modeccin A chain, alpha-sarcin, Aleurites fordii proteins,
dianthin proteins, Phytolaca americana proteins (PAPI, PAPIL, and PAP-5), momordica charantia
inhibitor, curein, crotin, sapaonaria officinalis inhibitor, gelonin, mitogellin, Testrictocin, phenomycin,
enomycin, and the tricothecenes. See, e.g., WO 93/21232 published October 28, 1993. A variety of
radionuclides are available for the production of mdioconjugatbd antibodies. Examples include **Bi,

By By %y and **Re. Conjugates of the antibody and cytotoxic agent are made using a variety of

 bifunctional protein-coupling agents such as N-succinimidyl-3-(2-pyridyldithiol) propionate (SPDP),

iminothiolane (IT), bifunctional derivatives of imidoesters (such as dimethyl adipimidate HCI), active
esters (such as disuccinimidy! suberate), aldehydes (such as glutaraldehyde), bis-azido compounds

(such as bis (p-azidobenzoyl) hexanediamine), bis-diazonium derivatives (such as bis-(p-
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diazoniumbenzoyl)-ethylenediamine), diisocyanates (such as toluene 2,6-diisocyanate), and bis-active
fluorine compounds (such as 1,5-difluoro-2,4-dinitrobenzene). For example, a ricin immunotoxin can
be prepared as described in Vitetta et al., Science, 238: 1098 (1987). Carbon-14-labeled 1-
isothiocyanatob enzyl-3—methyldiéthylene triaminepentaacetic acid (MX-DTPA) is an exemplary
chelating agent for conjugation of radionucleotide to the antibody. See W(094/11026. 7
Conjugates of an antibody and one or more small moleculé toxins, such as a calicheamicin,

maytansinoids, dolostatins, aurostatins, a trichothecene, and CC1065, and the derivatives of these

toxins that have toxin activity, are also contemplated herein.

Mavtansine and maytansinoids

In some embodiments, the immunoconjugate comprises an anﬁbody of the invention
conjugated to one or more maytansinoid molecules. ' ‘
_ Maytansinoids are mitotic inhibitors which act by inhibiting tubulin polymerization. "
Maytansing was ﬁfst isolated from the east African shrub Maytenus serrata (U.S. Patent No,
3,896,111). Slibs.equent'ly, it was discovered that c’ertai_n microbes also produce maytansinoids, such
as maytansinol and C-3 maytansinol esters (U.S. Patent No. 4,151,042). Synthetic maytansihol and
derivatives and analogues thereof are disclosed, for example, in U.S. Patent Nos, 4,137,230;
4,248,870; 4,256,746; 4,260,608; 4,265,814; 4,294,757; 4,307,016; 4,308,268; 4,308,269; 4,309,428;
4,313,946; 4,315,929; 4,317,821 ; 4,322,348; 4,33 1,598; 4,361,650; 4,364,866; 4,424,219; 4,450,254;

- 4.362,663; and 4,371,533.

Maytansinoid drog moieties are attractive drag moieties in antibody drug conjugates because

‘they are: (i) relatively dccessible to prepare by fermentation or chemical modification, derivatization

of fermentation products, (ii) amenable to derivatization with functional groups suitable for

conjugation. throngh the non-disulfide linkers to antibodies, (iii) stable in plasma, and (iv) effective
against a variety of timor cell Tines. |

Exemplary embodiments of maytansinoid drug moicties include: DMI ; DM3; and DM4.
Immunoconjugates contammo maytansm()lds methods of making same, and their thsrapeunc use are
disclosed, for example, mU S. Patent Nos. 5,208,020, 5,416,064 and European Patent P 0 425 235
B1, the disclosures of which are hereby expressly incorporated by reference. Liu et al,, Proc. Natl.
Acad. Sci. USA 93:8618-8623 (1 996) described immunoconjugates comprising a maytansinoid
designated DM1 linked to the monoclonal antibody C242 directed against human colorectal cancer.
The conjugate was found to be h;ighly cytotoxic towards cultured colon cancer cells, and showed
antitumor activity in an in vive tumor growﬂl assay. Chari et al., Cancer Research 52:127-131 (1992)
describe immumnoconjugates in which a maytansinoid was conjugated via a disulfide linker to the
murine antibody A7 binding to an antigen on human colen cancer cell lines, or to another murine
monoclonal antibody TA.1 that binds the HFR-2/neu oncogene. The eytotoxicity of the TA.1-
maytansonmd conjugate was tested in vitro on the human breast cancer cell line SK-BR-3, Whlch

expresses 3 x 10° HER-2 surface antigens per cell. The drug conjugate achieved a degree of
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cytotoxicity similar to the free maytansmmd drucr' which could be increased by increasing the number
of maytansinoid molecules per antibody molecule. The A7 —maytansmcnd con]ugate showed low

systemic cytotoxicity in mice.

An_’n:ib_qdy~mayﬁnsinoid conjugates can be prepared by chemically linking an antibody to a
mayfansinoid molecule without significantly diminiéhing the biological activity of either the antibody
or the maytansinoid molecule. See, e.g., U.S. Patent No. 5,208,020 (the disclosure of which is hereby
expressly incorporated by reference). An average of 3-4 maytansinoid'molecules conjugated per
antibody molecule has shown efficacy in enhancing cytotoxicity of target cells without negatively
affecting the function or solubility of the antibody, although cven one molecule of toxin/antibody
would be expected to enhance cytotoxicity over the use of naked antibody. Maytansinoids are well

_ kpown in the art and can be synthesized by known techniques or isolated from natural sources.

Suitable -maytansinoids are disclosed, for example, in U.S. Patent No. 5,208,020 and in the other

patents and nonpatent publications referred to hereinabove. Maytansinoids include, but are not

' fimited to, maytansinol and maytansinol analogues modified in the aromatic ring or at other positions

of the maytansinol molecule; such as various maytansinol esters.

" There are many linking groups known in the art for making antibo&;}lmaytansinoid
conjugates, including, for example;,thosé disclosed in U.S. Patent No. 5,208,020 or EP Patent 0 425
235 B1, Chari et al., Cancer Research 52:127-131 (1992), and U.S. Patent Application No.
10/960,602, filed Oct. 8, 2004, the disclosures of which are hereby expressly incorporated by

' r_eferencé. Antibody-maytansinoid conjugates comprising the linker comiponent SMCC may be

prepared as disclosed in U.S. Patent Application No. 10/960,602, filed Oct. 8, 2004. The linking
groups inclade disulfide groups, thioether groups, acid labile groups, photolabile groups, peptidase
fabile groups, or esterase labile groups, as disclosed in the above-identified patents. Additional

linking groups are described and exemplified herein.

Conjugates of the antibody and maytansinoid may be made using a variety of bifunctional
protein coupling agents such as N-succinimidyl-3-(2-pyridyldithio) propionate (SPDP), succinimidyl-
4-(N-maleimidomethyl) cyclobexane-1-carboxylate (SMCC), iminothiolane (IT), bifunctional
derivatives of imidoesters (such as dimethyl adipimidate HCI), active esters (such as disuccinimidyl
suberate), aldehydes (such as glutaraldehyde), bis-azido compounds (such as bis (p-azidobenzoyl) *
hexanediamine), bis-diazonium derivatives (such as bis-(p-diazoniumbenzoyl)-ethylenediamine),
diisocyanates (such as toluene 2,6-diisocyanate), and bis-active fluorine compounds (such as 1,5- -
diﬂubrc_-—Z A-dinitrobenzene). Coupling agents include, but are not limited to, N-succinimidyl-3-(2-
pyridyldithio) propionate (SPDP) (Carlsson et al., Biochem. J. 173:723-737 (1978)) and N-
succinimidyl-4-(2-pyridylthio)pentanoate (SPP) to provide fora disulfide linkage. |

The linker may be attached to the maytansinoid molecule at various positions, depending on

the type of the link. For example, an ester linkage may be formed by reaction with a hydroxyl group
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using conventional coupling techniques. The reaction may occur at the C.—3 position having a
hydroxyl group, the C-14 position modiﬁed with hydroxymethyl, the C-15 position modified with a
hydroxyl group, and the C-20 position having a hydroxyl group. In oné embodiment, the linkage is
formed at the C-3 position of maytansinol or a maytansinol analogue.

Auristatins and dolostating -

In some embodiments, the immunoconjugate comprises an antibody of the invention
conjugated to dolastatins or dolostatin peptidic analogs and derivatives, the auristatins (U.S. Patent -
Nos. 5635483; 5780588). Dolastatins and auristating have been shown to interfere with microtubule
dynamics, GTP hydrolysis, and nuclear and cellular division (Woyke et al (2001) Antimicrob. Agents
and Chemother. 45(12):3580-3584) and have anticancer (U.S. 5663149) and antifungal activity (Pettit
et al (1998) Antimicrob. 'Agents Chemother, 42:2961-2965). The dolastatin or auristatin dmg moiety
may be attached to the antibody through the N (aminoj terminus or the C (carboxyl) terminus of the
peptidic drug moiety (WO 02/088172). ' '

Exemplary auriétatin embodiments include the N-terminns linked monomethylauristatin drag

moieties DE and DF, disclosed in “Monomethylvaline Compounds Capable of Conjugation to

Ligands™, U.S. Ser. No. 10/983,340, filed Nov. 5, 2004, the disclosure of which is expressly
incorporated by reference in its entirety. . '

Exemplary auristatin embodiments include MMAE and MMAF. Additional exemplary
embodiments comprising MMAE or MMAF and various linker components (described further
herein) include AB-MC—VC—PABjMMAF, Ab-MC-ve-PAB-MMAE, Ab-MC-MMAE and Ab-MC-
Typically, peptide-based drug moieties can be prepared by forming a pcﬁ)ﬁde bond betwéen
two or more amino acids and/or peptide fragments. Such peptide bonds can be prepared, for example,
according to the liquid phase synthesis method (see E. Schrider and K. Litbke, “The Peptides”,
vohr.rﬁe 1, pp 76-136, 1965, Academic Press) that is well known in the field of peptide chemistry.

The auristatin/dolastatin drug moieties may be prepared according to the methods of: U.S. 5,635 A83;
U.S. 5,780,588; Pettit et al (1989) J. Am. Chem. Soc. 111:5463-5465; Pettit et al (1998) Anti-Cancer
Drug Design 13:243-277; Peitit, G.R., et al. Synthesis, 1996, 719-725; and Pettit et al (1996) J. Chem.
Soc. Perkin Trans. 1 5:859-863. See also Doronina (2003) Nat Biotechnol 21(7):778-784;
“Monomethylvaline Compounds Capable of Conjugation to Ligands”, U.S. Ser. No. 10/983,340, filed
Nov. 5, 2004, hereby incorporated by reference in its entirety (disclosing, e.g., linkers and methods of
preparing monomethylvaline compounds such a;s MMAE and MMAF conjugated to linkers).

Calicheamicin ' v‘

In other embodiments, the immunoconjugate comprises an antibody of the invention
conjugated to one or more calicheamicin molecules. The calicheamicin famﬂy of antibiotics is
capable of producing double-stranded DNA breaks at sub-picomolar concentrations. For the

preparation of conjugates of the éalicheamicj;1 family, see U.S. patents 5,712,374, 5,714,586,
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5,739,116, 5,767,285, 5.770,701, 5,770,710, 5,773,001, and 5,877,296 (all to American Cyanamid
Company). Structural analogues of calicheamicin which may be used include, but are not limited to,

111 o oz N-acetyly’, PSAG and 8'; (Hinmen et al., Cancer Research 5§3:3336-3342 (1993), Lode

_ et al., Cancer Research 58:2925-2928 (1998) and the aforementioned U.S. patents to Amencan

Cyanamid). Another anti-tumor drug to which the anﬁbody can be conjugated is QFA, which is an
antifolate. Both calicheamicin and QFA have intracellular sites of action and do not readily cross the
plasma membrane. Therefore, cellular uptake of these agents through antibody mediated
internalization greatly enhances their cytotoxic effects.

Other cvtotoxic agents

Other antitumor agents that can be conjugatéd to the antibodies of the invention include
BCNU, streptozoicin, vincristine and S—ﬂuérouracil, the family of agents known collectively LL-
E33288 complex described in U.S. patents 5,053,394, 5,770,710, as well as esperamicins (U.S. paterit

' 5,877,296).

Enzymatically active toxins and fragments thereof which can be used include dlphthcﬁa A
chain, nonbinding active fragments of diphtheria toxin, exotoxin A chain (from Psendomonas
aeruginosa), ricin A chain, abrin A chain, modeccin A chain, alpha-sarcin, Aleurites fordii proteins,
dianthin proteins, Phytolaca americana proteins (PAPI, PAPII,. and PAP-S), momordica charantia
inhibitor, curcin, crotin, sapaonaria officinalis inhibitor, gclonin, mitogelfin, restrictocin, phenomycin,
enomycin and the tricothecenes. See, for examplc WO 93/21232 published October 28, 1993.

The present invention further contemplates an immunoconjugate formed between an antibody

and a compound with nuclcolytlc activity (e.g., a ribonuclease or a DNA endonuclease such as a

deoxyribonuclease; DNase).

For selective destruction of the tumor, the antibody may comprise a highly radioactive atom.

A variety of radioactive isotopes are available for the production of radioconjugatcd antibodies.
Exampies mclude Atzll; 1131, 1125, YQQ, Relgé, ReISS, Sm15 , Bi 212 P32 Pb 2 and radioactive
isotopes of Lu. When the conjugate is used for detection, it may comprise a radioactive atom for
scintigraphic studies, for example Tcgglil or 1123, or a spin label for nuclear magnetic resonance

(NMR) imaging (also known as magnetic resonance imaging, MRI), such as iodine-123 again, iodine-

131, indium-111, fluorine-19, carbon-13, nitrogen-15, oxygen-17, gadolinium, manganese or ron.

The radio- or other labels may be incorporated in the conjugate in known ways. For example,

the peptide may be biosynthesized or may be synthesized by chemical amino acid synthesis using

.suitable amino acid precursors involving, for example, fluorine-19 in place of hydrogen. Labels such

9 123 18 . . . . .
as Tc " or 1 , Re 6 R and Tn' ! can be attached via a cysteine residue in the peptide.

Yitrium-90 can be attached via a lysine residue. The IODOGEN method (Fraker et al (1978)
Biochem. Biophys. Res. Commun. 80: 49-57) can be used to incorporate iodine-123. "Monoclonal
Antibodies in Immunoscintigraphy” (Chatal, CRC Press 1989) describes other methods in detail.
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Conjugates of the antibody and cytotoxic agent may be made using a variety of bifunctional
protein coupling agents such as N-succinimidyl-3-(2-pyridyldithio) propionate (SPDP), succinimidyl-
4-(N-maleimidomethyl) cyclohexane-1-carboxylate (SMCC), iminothiolane (IT), bifunctional
derivatives of imidoesters (such as dimethyl adipimidate HCI), active esters (such as disuccinimidyl

suberate), aldehydes (such as glutaraldehyde), bis-azido compounds (such as bis (p- amdobenzoyl)

_hexanediamine), bis-diazonium derivatives (such as blS (p-diazoniumbenzoyl)- ethylenedlannnc)

diisocyanates (such as toluene 2,6-diisocyanate), and bis-active fluorine compounds (such as 1,5~
difluoro-2 4-dinitrobenzene). For example, a ricin immunotoxin can be prepared as described in
Vitetta et al., Science 238:1098 (1987). Carbon-14-labeled 1 -isothiocyanatobenzyl-3-
methyldiethylene triaminepentaacetic acid (MX- -DTPA) is an exemplary chelating agent for
conjugation of radionucleotide to the antibody. See W094/ 11026. The linker may be a “cleavable
finker” facilitating release of the cytotoxic drug in the cell. For example, an acid-labile linker,
pepudase-sensmve linker, photolabile linker, dimethyl linker or dlsulﬁde—contammg hnker (Chari et
al., Cancer Research 52:127-131 (]992) T.S. Patent No. 5,208,020) may be used.

The co_mpounds of the invention expressly contemplate, but are not limited to, ADC prepared’
with cross-linker reagents: BMPS, EMCS, GMBS, HBVS, LC-SMCC, MBS, MPBH, SBAP, SIA,
SIAB, SMCC, SMPB, SMPH, sulfo-EMCS, sulfo-GMBS, sulfo-KMUS, sulfo-MBS, sulfo-SIAB,
sulfo—SMCC and sulfo-SMPB, and SVSB (succinimidyl- (4—v1nylsu1fone)benzoate) which are -
commercially available (e.g., from Pierce Biotechnology, Inc., Rockford, IL., U.S.A). See pages 467-
498, 2003-2004 Applications Ha:ndbook_ and Catalog. )

Preparation of antibodv drug conjugates
In the antibody drag conjugates (ADC) of the invention, an antibody {Ab) is conjugated to

one or more drug moieties (D), e.g. about 1 to about 20 drug moieties per antibody, through a linker
(L). The ADC of Formula I may be prepared by several routes, em];)lc.ymU orgamc chemlstry

" reactions, conditions, and reagents known to those skilled in the art, mcludmg (1) reaction of a

nucleophilic group of an antibody with a bivalent linker reagent, to form Ab-L, via a covalent bond,
followed by reaction with a drug moiety D; and (2) reaction of a nucleophilic group of a drug moicty
with a bivalent linker reagent, to form D-L, viaa covalent bond, followed by reaction with the

nucleophilic group of an antibody. . Additional methods for preparing ADC are described herein.

Ab—(L~D), 1
The linker may be composed of one or more linker components. Exemplary linker
components include 6-maleimidocaproyl (“MC”), maleimidopropanoy! (“MP”), valine-citrulline
(“val-cit”), alanine-phenylalanine (*ala-phe™), p-ﬁminobcnzyloxycarbonyl (“PAB™), N-Succinimidyl
4-(2-pyridylthio) pentanoate (“SPP”), N-Succinimidyl 4-(N-maleimidomethyl) cyclohexanc-1
carboxylate (“SMCC”), and N-Succinimidyl (4-iodo-acetyl) aminobenzoate (“SIAB™). Additional

Jinker components are known in the art and some are described herein. See also “Monomethylvaline
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Compounds Capable of Conjugation to Ligands”, U.S. Ser. No. 10/983,340, filed Nov. 3, 2004, the
contents of which are hereby incorporated by reference in its entirety.
Iﬁ some embodiments, the linker may comprise amino acid residues. Exemplary amino acid
linker components include a dipeptide, a tripeptide, a tetrapeptide or a pentapeptide. Exemplary
5 dipeptides include: valine-citrulline (vc or val-cit), alanine-phenylalanine (af or ala-phe). Exemplary
tripeptides inclode: glyciﬁe—valine—citrulline (gly-val-cit) and glycine-giycine-glycinc (gly-gly-gly).
Amino acid residues which comprise an amino acid linker component include those occurring
naturally, as well as minor amino acids and non-naturally occurring amino acid analogs, such as
citrulline. Amino acid linker components can be designed and optimized in their selectivity for
10  enzymatic cleavage by a particular enzyme, for example, a tumor-associated protease, cathepsin B, C
and D, or a plasmin protease. '
Exemplary linker component structures are shown below (wherein the wavy line indicates

sites of covalent attachment to other components of the ADC):

15 MC
| N
O | | MP
| . ) |
o é——[ ;\'N/\/'\,},/\/O\/\O/\"/%%
H 1 o
- 0 , ~ MPEG
20

Additional exemplary linker components and abbreviations include (wherein the antibody

(Ab) and linker are depicted, and p is 1 to about 8):
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Nucleophilic groups on antibodies include, but are not fimited to: (i) N-terminal amine

groups, (ii) side chain amine groups, e.g. lysine, (iii) side chain thiol groups, ¢.g. cysteine, and (iv)
sugar hydroxyl or amino groups where the antibody is glycosylated. Amine, thiol, and hydroxyl

10 groups are nucleophilic and capable of reacting to form covalent bonds with electrophilic groups on
linker moieties and linker reagents including: (i) active esters such as NHS esters, HOBt esters,
héloformates, and acid halides; (ii) alkyl and benzy! halid;s such as haloacetamides; (iil) aldehydes,
ketones, carboxyl, and maleimide groups. Certain antibodies have reducible interchain disulfides, 1.e.
cysteine bridges. Antibodies may be made reactive for conjugation with linker reagents by treatment

15  with a reducing agent such as DTT (dithiothreitol). Each cysteine bridge will thus form, theoretically,

two Teactive thiol nucleophiles. Additional nucleophilic groups can be introduced into antibodies
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through the reaction of lysines with 2-iminothiofane (Traut’s reagent) resulting in conversion of an

amine into a thiol. Reactive thiol groups may be introduced mto the antibody (or fragment thereof) by
introducing one, two, three, four, or more cysteine residues (c.g., preparing mutant antibodies
comprising one or more non-native cysteine amino acid Iesidues:).

** Antibody drug conjugates of the invention majr also be produced by modification of the
antibody to introduce electrophilic moieties, which can react with nucleophilic substituents on the

Jinker reagent or drug. The sugars of glycosylated antibodies may be oxidized, e.g. with periodate

“oxidizing reagents, to form aldehyde or ketone groups which may react with the amine group of linker

reagents or drug moieties. The resulting iinine Schiff base groups may form a stable linkage, or may
be reduced, ¢.g. by borohydride reagents to form stable amine linkages. In one embodiment, reaction
of the carbohydrate portion of a giycosylafed' antibody with eithet galactose oxidase or sodinm meta-

* periodate may yield carbonyl (aldehyde and ketone) groups in the protein that can react with

appropriate groups on the drug (Hermanson, Bloconjuoate Techniques). In another embodlment
proteins containing N-terminal serine or threonine residues can react with sodium meta-periodate,
resuiting ih production of an aldehyde in place of the first a.mino acid (Geoghegan & Stroh, (1992)
Bioconjugate Chem. 3:138-146; U.S. 5362852). Such aldchyde can be reacted with a drug moiety or

linker nucleophile. -
Likewise, nucleophilic groups on a drug mmety include, but are not limited to: amine, thiol,

~ hydroxyl, hydrazide, oxime, hydrazine, thiosemicarbazone, hydrazine carboxylate, and arylhydrazide

groups capable of reacting to form covalent bonds with electrophilic groups on linker moieties and
linker reagents including: (1) active esters such as NHS esters, HOBt esters, haloformates, and acid
halides; (ii) alkyi and benzyl halides such as haloacetamides; (iii) aldehydes, ketones, carboxyl, and
maleimide groups. o

Alternatively, a fusioi:\ protein comprising the antibody and cytotoxic agent may be made,
e.g., by recombmant techniques or peptide synthems The length of DNA may comprise respective
regions encodma the two portions of the conjugate either adjacent to one another or separated by a
region encoding a linker peptide which does not destroy the desired properties of the conjugate.

In yet another embodiment, the antibody may be conjugated to a "receptor” (such
streptavidin) for utilization in tumor pre-targeting wherein the antibody-receptor conjﬁgate is

administered to the patient, followed by removal of unbound conjugate from the circulation using a

" clearing agent and then administration of a "ligand" (e.g., avidin) which is conJugated to a cytotoxic

agent (e.g., 2 radmnucleotlde)

Antibody (Ab)-MC-MMAE may be prepared by conjugation of any of the antibodies
provided herein with MC-MMARE as follows. Antibody, dissolved in 500 mM sodium borate and 500
mM sodium chloride at pH 8.0 is treated with an excess of 100 mM dithiothreitol (DTT). After
incubation at 37 °C for about 30 minutes, the buffer is exchanged by elution over Sephadex G25 resin

and eluted with PBS with 1 mM DTPA. The thiol/Ab value is checked by determining the reduced
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antibody concentration from the absorbance at 280 nm of the solution and the thiol concentration by
reaction with DTNB (Aldrich, Milwauke¢, W) and determination of the absorbance at 412 nm. The
reduced antibody dissolved in PBS is chilled on ice. The drug linker reagent, maleimidocaproyl-
monomethyl auristatin E (MMAE), L.e. MC-MMAE, dissolved in DMSO, is diluted in acetonitrile and
water at known concentration, and added to the chilled reduced antibo&y 2119 in PBS. After about
one hour, an excess of maleimide is added to quench the reaction and cap any unreacted antibody
thiol groups. The reaction mixture is concentrated by centrifugal ultrafiltration and 2H9-MC-MMAE
1s puriﬁcd and desalted by elution through G25 resin in PBS, filtered through 0.2 pm filters under
sterile conditions, and frozen’ for storage.

Antibody-MC-MMAF may be prepared by conjugation of any of the antibodies provided
herein with MC-MMAF following the protocol prov1ded for preparation of Ab-MC-MMAE.

Antibody-MC-val-cit-PAB-MMAE is prepared by conjugation of any of the antibodies
provided herein with MC-val-cit-PAB-MMAE foIlowihg the protocol provided for preparation of Ab-
MC-MMAE. " |

Antibody—MC-val-ci{—PAB-I\/fI\JAF is prepared by conjugation of any of the antibodies
provided herein with Mcfvalfcit;PAB—l\/Jl\/,{AF following the protocol provided for preparation of Ab-

'Mc MMAE.

Antibody-SMCC-DML1 is prepared by conjugation of any of the antlbodlcs provided herein
w1th SMCC-DM1 as follows, Purified antibody is derivatized with (Succinimidyl 4-(N-
maleimidomethyl) cyclohexane-1-carboxylate (SMCC, Pierce Biotechnology, Inc) to introduce the
SMCC linker. Specifically, anﬁbody is treated at 20 mg/mL mSO mM potassium phosphate) 50 mM
sodium chloride/ 2 mM EDTA, pH 6.5 with 7.5 molar equivalents of SMCC (20 mM mm DMSO, 6.7
mg/mL). After stitring for 2 hours under argon at ambient temperature, the reaction mixture is
filtered through a Sephadex G25 column equilibrated with S0mM potassium phosphate/ 50 mM
sodium chioride/ 2 mM EDTA, pH 6.5. Antibody-containing fractions are pooled and assayed.

Antibody-SMCC prepared thusly is diluted with 50mM potassium phosphate/50 mM sodium

_ chloride/2 mM EDTA, pH 6.5, to a final concentration of about 10 mg/ml, and reacted with a 10 mM

solution of DM in dimethylacetamide. The reaction is stirred at ambient temperature under argon for

16.5 hours. The conjugation reaction mixture is filtered through a Sephadex G25 gel filtration column

(1.5% 4.9 cm) with 1 x PBS at pH 6.5. The DM1 drug to antibody ratio (p) may be about 2 to 5, as

measured by the absorbance at 252 nm and at 280 Am.

Ab-SPP-DM1 is prepared by conjugation of any of the antibodies provided herein with SPP-
DM!1 as follows. Purified antibody is derivatized with N-succinimidyl-4-(2-pyridylthio)pentanoate to
introduice dithiopyridyl groups. “Antibody (376.0 mg, 8 mg/mL) in 44.7 mL of 50 mM potassium
phosphate buffer (pH 6.5) containing NaCl (50 mM) and EDTA (1 mM) is treated with SPP (5.3
molar equivalents in 2.3 mL ethanol). After incubation for 90 minutes under argon at ambient

temperature, the reaction mixtare is gel filtered through a Sephadex G235 column equilibrated with a
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35 mM sodium citrate, 154 mM NaCl, 2 mM EDTA buffer. Antibody-containing fractions were
pooled and assayed. The degree of modification of the antibody is determined as described above.
Antibody-SPP-Py (about 10 pmoles of releasable 2-thiopyridine groups) is diluted with the
above 35 mM sodium citrate buffer pH 6.5, to a final concentration of about 2.5 mg/mL. DM1 (1.7
eqmvalents 17 pmoles) in 3.0 mM dimethylacetamide (DMA 3% v/v in'the final reaction mmtme) is
then added to the antibody solution. The reaction proceeds at ambient temperature under argon for
about 20 hours. The reaction is loaded on a Sephacry! S300 gel filtration ¢column (5.0 cm x 90.0 cm,
1.77 L) equilibrated with 35 mM sodium citrate, 154 mM NaCl, pH 6.5. The flow ratc may be about
5.0 mlL/min and 65 fractions (20.0'mL cach) are collected. The number of DM1 drug molecules
linked per antibody molecule (p”) is determined by measuring the absorbance at 252 nm and 280 nm,

‘and rﬁay be about 2 to 4 DM drug moieties per 2I19 antibody.

Anﬁbody—BMPEO—DMI is prepared by conjugaﬁdu of any of the antibodies provided lierein

- with BMPEO-DMI as follows. The antibody is modified by the bis-maleimido reagent BM(PEQ)

(Pierce Chemical), leaving an unreacted maleimido group on the surface of the antibody. This may be
accomplished by dissolving BM(PEO) in 2 50% ethanol/water mixture to a concentratiqﬁ of 10 mM
and adding a tenfold molar excess to a solution containing antibody in phosphate buffered sé]jne ata’
concentration of approximately 1.6 mg/ml (10 micromolar) and allowing it to react for 1 hour to form
an antibody-linker intermediate, 2H9-BMPEO. Excess BM(PEO)4 is removed by gel filtration
(HiTrap columm, Pharmacia) in 30 mM citrate, pH 6 with 150 mM NaCl buffer. An approximate 10
fold molar excess DM1 i 1s dissolved in dimethyl acetannde (DMA) and added to the 2H09- BMPEO
intermediate. Dimethyl formamide (DMF) may also be employed to dissolve the drug moiety
reagent. The reaction mixture is allowed to react overnight before gel filtration or dialysis into PBS to
remove unreacted DMi. Gel filtration on S200 cblumns in PBS is used io remove high molecular

weight aggregates and to furnish purified 2H9-BMPEO-DMI.

Antibody Derivatives

Antibodies of the invention can be further modified 10 contain additional nonproteinaceous
moieties that are known in the art and readily available. In one embodiment, the moieties suitable for
derivatization of the antibody are watcr soluble polymers. Non-limiting examples of water solﬁble
polymers include, but are not limited to, polyethylene glycol (PEG), copolymers of ethylene =
glycol/propylene glycol, carboxymethylcellﬁlose;, dextran, polyvinyl alcohol, polyvinyl pyrrolidone,
poly-1, 3-dioxolane, poly-1,3,6-trioxane, ethjflene/maleic anhydride copolymer, polyaminoacids
(either homopolymers or random copolymers), and dextran or poly(n-vinyl ?m*olidone)polyethylene
glycol, propropylene glycol homopolymers, prol@roﬁylme oxide/ethylene oxide co-polymers,
polyoxyethylated polyols (e.g., glycerol), polyvinyl alcohol, and mixtures thereof. Polyethylene
glycol propionaldehyde may have advantages in manufacturing due to its stability in water. The
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" polymer may be of any molecular Weigh’r, and may be branched or unbranched. The number of

polymers attached to the antibody may vary, and if more than one polymer is attached, the polymers
can be the same or different molecules. Tn general, the number and/or type of polymers used for
derivatization can be determined based on considerations including, but not limited to, the particular

properties or functions of the antibody to be improved, whether the antibody derivative will be used

a therapy under defined conditions, etc.

In another embodiment, conjugates of an antibody and nonproteinaceous moiety that may be
selectively heated by exposure to radiation are provided. In one embodiment, the nonproteinaceous
mmety is a carbon nanotube (Kam et a.l Proc Natl. Acad. Sci. 102: 11600-11605 (2005)). The
radiation may be of any wavelength, and includes, but is not limited to, wavelengths that do not harm
ordinary cells, but which heat the nonprotemaceous moiety to a temperature at which cells proximal

1o the antibody-nonproteinaceous moiety are killed.

Pharmaceutical F ormulations

Therapeutic formulations comprising an antibody of the invention are prepared for storage by

‘mlxmg the antibody having the des1rcd degree of purity with optional physiologically acceptable

carriers, excipients or stabilizers (Remmcrton '« Pharmaceutical Sciences 16th edition, Osol, A. Ed.
(1980)), in the form of aqueous solutions, lyophilized or other dried formulations. Acceptable
carriers, excipients, or stabilizers are noatoxic to recipients at the dosages and concentrations
employed, and include buffers such as phosphatc, citrate, histidine and other organic acids;
antioxidants including ascorbic acid and methioriine; préservatives (such as octadecyldimethylbenzyl
ammonium chloride; hexamethonium chloride; benzalkonium chloride, benzethonium chloride;

phenol, butyl or benzyl alcohol; alkyl parabens such as methyl or propyl paraben; catechol; resorcinol;

\cyclohexan'ol; 3-pentanol; and m-cresol); low molecular weight (less than about 10 residues)

polypeptides; proteins, such as serum afbumin, gelatin, or immumnoglobulins; hydrophilic polymers
such as polyvinylpyrrolidone; amino acids such as glycine, glutamine, asparagine, histidine, argining, '
or lysine; monosaccharides, disaccharides, and other carbohydrates including glucose, mannose, or
dextrins; chelating agents such as EDTA; sugars such as sucrose, mannitol, trehalose or sorbltol salt-
formmg_comlter—lons such as sodium; metal complexes (e.g., Zn-protein complexes), and/or non-ionic

surfactants such as TWEEN™, PLURONICS™ or polyethylene glycol (PEG).

The formulation herein may also contain more than one active comp ound as necessary for the
particular indication being treated, including, but not limited to those with complementary activities
that do not adversely affect each other. Such mo lecules are suitably present in combination in

amounts that are effective for the purpose intended.
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The active ingredients may also be entrapped in microcapsule prepared, for example, by
coacervation techniques or by interfacial polymerization, for example, hydroxymethylicellulose or
gelatin-microcapsule and poly-(methylmethacylate) microcapsule, respectively, in colloidal drug
delivery systems (for example, liposomes, albumin microspheres, microemulsions, nano-particles and

panocapsules) or in macroemulsions. Such techniques are disclosed i Remington's Pharmaceutical

Sciences 16th edition, Osol, A. Ed. (1980).

The formulations to be used for iz vive administration must be sterile. This is readily-

accomplished by filtration through sterile filtration membranes.

Sustained-release preparations may be prepared. ‘Suitable examples of sustained-release

. preparations include semipermeable matrices of solid bydrophobic polymers containing the

immumoglobulin of the invention, which matrices are in the form of shaped articles, e.g., films, or
microcapsule. Examples of Sustained-relcase matrices include iaoiycsters, hydrogels (fdr example,
pol'y(Zéhydroxyethyl—methacrylate), or poly(vinylalcohol)), polylactides (U.S. Pat. No.-3,773,919), |
copolymers of L—gluta:mic_: acid and vy ethjle-glutamate, non—degradabié ethyiene-vinyl acetate,
degradable lactic acid-glycolic acid copolymcré such as the LUPRON DEPOT™ (injectable
microspheres composed of lactic acid-glycolic acid copolymer and leuprolide acetate), and poly-D-(-
)—3—_hydr0xjrbutyric acid. While polymers such as ethylene-vinyl acetate and lﬁcﬁc acid-glycolic acid
enable release of molecules for over 100 days, cerfain hydrogels release proteins for shorter time
periods. When encapsulated immunoglobulins remain in the body for 2 long time, they may denature
or aggregate as a result of exposure to moisture at 37°.C; resulting ina ioss of biological activity énd
possible changes in immunogenicity. Rational strategies can be devised for stabilization depending
on the meéhanism involved. For example, if the aggregation mechanism is discovered to be
intermolecular S-S bond formation through thio-disulfide interchénge, stabilization may be achieved
by modifying sulfhydryl residues, lyophilizing from acidic solﬁtions, controlling moisture content,

using appropriate additives, and developing specific polymer matrix compositions.
Uses

An antibody of the invention may be used in, for example, in vitro, ex vivo and in vivo
therapeutic methods. Antibodies of the invention can be used as an antagonist to partially or fully
block the sﬁeciﬁc antigen activity in vifro, ex vivo and/or in vivo. Moreover, at least some of the
antibodics of the invention can neutralize antigen activity from other species. Accordingly, antibodies
of the invention can be used to iﬁhibit a specific antigén activity, e.g., in a cell culture containing the
antigen, in human subjects or in other mammalian subjects hiaving the antigen with which an antibody
of the invention cross-reacts (e.g. chimpanzee, baboon, marmoset, cynomolgus and rhesus, pig or -

mouse). In one embodiment, an antibody of the invention can be used for inhibiting antigen activities
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- by contacting the antibody with the antigen such that antigen activity is inhibited. In one

embodiment, the antigen is a human protein molecule.

In one embodiment, an antibody of the invention can be used in a method for inhibiting an
antigen in a subject suffering from a disorder in which the antigen activity is detrimental, comprising
administering to the subject an antibody of the invention such that the antigen activity n the subject is

inhibited. In one emBodiment, the antigen is a human protein molecule and the subject is a human

-subject. Aliernatively, the subject can be a mammal expressing the antigen with which an antibody of

the invention binds. Still further the subject can be a mammal into which the antigen has &been
introduced (e.g., by administration of the antigén or by expression of an antigen transgene). An
anﬁbody of the invention can be administered to & human subjéct for therapeutic purposes. Moreover,
an antibody of the invention can be administered to a non-human mammal expressing an antigen with
which the antibody cross-reacts (e.g., a primate, pig or mouse) for veterinary purposes or as an animal
mode! of human disease. Regarding the latter, such animal models may be useful for evaluating the -
therapeutic efficacy of‘ antibodies of the invention (e.g., testing of dosages and time courses of
administration).. Antibodies of fhe invention can be used to treat, inhibit, deléy progression of,

prevent/delay recurrence of, ameliorate, or prevent diseases, disorders or conditions associated with

- abnormal expression and/or activity of polyubiquitins and polyubiquitinated proteins, including but

not limited to cancer, muscular disorders, ubiquitin-pathway-related gcﬁcﬁc disorders,
inmune/inflammatory disorders, neurological disorders, and other ubiquitin pathway-related

disorders.

- In one aspect, a blocking antibody of the invention 1s specific for a polyubiquitin having 2
particular lysine linkage , and inhibits normal polyubiquitin activity by blocking or interfering with
the interaction between a polyubiquitin having a particular lysine linkage and a protein that interacts
with that polyub__iquitin , thereby inhibiting the corresponding signal pathway and other associated

molecular or cellular events.

In certain embodiments, an immunoconjugate compriging an antibody conjugated with a
cytotoxic agent is administered to the patient. In some embodiments, the immunoconjugate and/or
antigen to which it is bound is/are internalized by the cell, resulting in increased therapeutic efficacy
of the immunoconjugate in killing the target cell to which it binds. In one embodiment, the cytotoxic
agent targets or interferes with nucleic acid in the target cell. Examples of such cytotoxic égents
include any of the chemotherapeutic agents noted herein (such as a maytansinoid or a calicheamicin),

a radioactive isotope, or a ribonuclease or a DNA endonuciease.

Antibodies of the invention can be used either alone or in combination with other

compositions in a therapy. For instance, an antibody of the invention may be co-administered with

another antibody, and/or adjuvant/therapeutic agents (e.g., steroids). For instance, an antibody of the
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invention may be combined with an anti-inflammatory and/or antiseptic in a treatment scheme, e.g. m
treating any of the diseases described herein, including cancer, muscular disorders, ubiquitin-
pathway-related genetic disorders, nnmune/mﬂammatory disorders, neurological disorders, and other

ublqultm pathway-related disorders . Such combined therapies noted above include combined

- administration (where the two or more agents are included in the same or separate formulations), and

scparatc administration, in which case, administration of the antlbody of the invention can occur prior

io, and/or following, admnustratlon of the adjunct therapy or therapies.

" An antibody of the invention (and adjunct therapeutlc agent) can be admlmstcred by any
suitable means, including parenteral, subcutaneous, intraperitoneal, intrapulmonary, and intranasal,
and, if desired for local treatment, intralesjonal administration. Parenteral infusions include
intramuscular, intravenous, intraarterial, intraperitoneal, or subcutaneous administration. In addition, .
the antibody is suitably administered by pulse infusion, particularly with declining doses of the
antibédy. Dosing can be by any suitable route, €.g. by inje;;tiohs, such as intravenous or subcutaneous

injections, depending in part on whether the administration is brief or chronic.

The location of the binding target of an anﬁbody of the invention may be taken into

 consideration in preparation and administration of the antﬁ)ody. When the binding tai‘gct is an

intracellular molecule, certain embodiments of the mvention provide for the antibody or antigen-

* binding fragment thereof to be introduced into the cell where the binding target is located. In one

embodiment, an antibody of the invention can be expressed intracellularly as an intrabody. The term
“intrﬁbody,” as used herein, refers to an antibody or. antigen-binding portion thereof that is expressed
intracellularly and that is capable of selrcctively' binding to a target molecule, as described i Marasco,
Gene Therapy 4: 11-15 (1997); Kontermanz, Methods 34: 163-170 (2004); U.S. Patent Nos.
6,004,940 and 6,329, 173 U.S. Patent Application Publication No. 2003/0104402, and PCT
Publication No. W02003/077945 Intracellular expressmn of an intrabody 1s effected by mtroducmg
a nucleic acid encoding the desired antibody or antigen-binding portion thereof (lacking the wild-type
leader sequénce and secretory signals normally associated with the gene encoding that antibody or
antigen-binding fragment) into a target cell. Any standard method of introducing nucleic acids into a
cell may be used, including, but not limited to, microinj ection, ballistic inj ection, electroporation,
calcium phosphate prempnatlon, liposomes, and transfection with retroviral, adenoviral, adene-
associated viral and vaccinia vectors carrying the nucleic acid of interest. One or more nucleic amds
encoding all or a portion of art anti-polyubiquitin antibody of the invention can be delivered to a target
cell, such that one or more intrabodics are expressed which arer capable of intracellular binding to a

polyubiquitin and modulation of one or more polyubiquitin-mediated cellular pathways.

Tn another embodiment, internalizing antibodies are provided. Antibodies can possess certain
characteristics that enhance delivery of antibodies into cells, or can be modified to possess such

characteristics. Techniques for achieving this are known in the art. For example, cationization of an

85



10

15

20

30

35

nd ad ad ad ad ad NB NB Apu22 ad ad ad 1.53x105
0.0191 125.00 6.19x105 128x 20.70 ad ad ad

WO 2007/120334 o PCT/US2006/062115

antibody is known to facilitate its uptake into cells (see, e.g., 1J.S. Patent No. 6,703,019).
Lipofections or liposomes can also be used to deliver the antibody into cefls. Where antibody
fragments are used, the smallest inhibitory ﬁagment that specifically binds to the binding domain of

the target protein is generally advantageous. For exémple, based upon the variable-region sequences

-of an antibody, peptide molecules can be designed that retain the ability to bind the target protein

sequence. Such peptides can be synthesized chemically and/or produced by recombinant DNA
technology. See, c.g., Marasco et al., Proc, Natl, Acad. Sci. USA, 90: 7885-7893 (1993).
Entry of modulator polypeptides into target cells can be enhanced by methods known in the

art. For example, certain sequences, such as those derived from HIV Tat or the Antennapedia
homeodomain protein are able to dJrect efficient uptake of heterologous proteins across cell
membranes. See, e.g., Chen et al., Proc. Natl. Acad. Sci. USA (1999), 96:4325-4329.

When the binding target is located in the brain, certain embodiments of the invention provide
for the antlbody or antigen-binding fragment thereof to traverse the blood-brain barrier. Certain
neurodegenerauve diseases are associated with an increase in permeability of the blood-brain barrier,

such that the antibody or an’aofen—bmdmg fragment can be readily introdaced to the ‘brain. When the

_ blood-brain barrier remains intact, several art-known approaches exist for transporting molecules

across it, including, but not limited to, physical metheds, lipid-based methods, and receptor and

channel-based methods.
Physical methods of transporting the antibody or anticen-binding fragment across the blood-

brain barrier include, but are not limited to, circumventing the blood-brain barrier entirely, or by

- creating openings in the blood-brain barrier. Clrcmuvcntlon methods include, but are not limited to,

direct injection into the brain (see, €.g., Papanastassiou et al., Gene Therapy 9: 398-406 (2002,
inferstitial infusion/convection-enhanced delivery (see, e.g., Bobo et al,, Proc. Natl. Acad. Sci. USA
91: 2076-2080 (1994)), and implanting a delivery device in the brain (see, e.g., Gill et al., Nature
Med. 9: 5 8l9—595 (2003); and Gliadel Wafers™, Guildford Pharmaceutical). Methods of creating
openings in the barrier include, but are not limited t.o,'uh:rasound (see, e.g., U.S. Patent Publication
No. 2002/0038086), osmotic pressure (e.g., by administration of hypcrtonic mamnitol (Neuwelt, E. A,
Implication of the Blood-Brain Barrier and its Manipulation, Vols 1 & 2, Plenum Press, N.Y.
(1989))), permeablhza‘aon by, e.g., bradykinin or permeabilizer A-7 (see, e.g., U.S. Patent Nos.
5,112,596, 5,268,164, 5,506,206, and 5,686,416) and transfection of neurons that straddle the blood-
brain barrier with vectors containing genes encoding the antibody or antigen-binding fragment (see,
e.¢., U.S. Patent Publication No. 2003/0083299). '
Lipid-based methods of transporting the antibody or antigen-binding fragment across the
blood-brain barrier include, but are not limited to, encapsulating the antibody or antigen-binding
fragment in lii)osomes that are coupled to antibody binding fragments that bind to receptors on the
vasculai endothelium of the blood-brain barrier (see, ¢.g., U.S. Patent Application Publication No.
20020025313), and coating the antibody or antigen-binding fragment in low-density lipoprotein
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particles (see, e.g., U.S. Patent Application Publication No. 20040204354) or apolipoprotein E (see,
e.g., U.S. Patent Application Publication No. 20040131692).

Receptor and channel-based methods of tranSportina the antibody or antigen-binding
fragment across the blood- brain barrier include, but are not limited to, using glucocorticoid blockers
to increase permcablhty of the bload-brain barrier (see, e.g., U. S. Patent Application Publication Nos.
2002/0065259, 2003/0162695, and 2005/0124533); activating potassium channels (see, e.g., U.S.
Patent Application Publication No. 2005/0089473), inhibiting ABC drug transporters (see, e.g., U.S.
Patent Application Publication No.' 2003/0073713); coating antibodies with a transferrin and
modulating activity of the one or more transferrin receptors (see, e.g., U.S. Patent Application

* Publication No. 2003/0129186), and cationizing the antibodies (see, ¢.g., U.S. Pateat No. 5,004,697).

The antibody corposition of the invention would be formulated, dosed, and administered in a
fashion consistent with good medical practice. Factors for cosideration in this context include the

particular disorder being treated, the particular mammal being treated, the clinical condition of the

 individual patient, the cause of the disorder, the site of delivery of the agent, the method of

administration, the scheduling of administration, and other factors known to medical practitioners.

The antibody need not be, but is optionally formulated with one or more agents currently used to

prevent“o_r treat the disorder in question. The effective amount of such other agents depends on the

amount of antibodies of the invention present in the formmlation, the type of disorder or treatment, and
other faciors discussed above. These are generally used in the same dosages and with administration
toutes as described herein, or about from 1 to 99% of the dosages described herein, or in any dosage

and by any route thét is empiric ally/clinjcaliy determined to be appropriate.

~ Forthe prevention or treatment of diséase the appropriate dosage of an antibody of the

invention (when used alone or in combination with other agents such as chemotherapentic: amts)ﬁwﬂh

depénd on the type of disease to be treated, the type of antibody, the severity and course of the
disease, whether the antibody is administered for preventive or therapeutic purposes, previous
therapy, the patient's clinicai history and response to the antibody, and the discretion of the attending |
physician. The antibody is suitably administered o the patient at one time or over a series of
treatments. Depending on the type and severity of the disease, about 1 pg/kg to 15 mg/kg (e.g.
0.1mg/kg-10mg/kg) of antibody can be an initial candidate dosage for administration to the patient,
whether, for example, by one oT mote separate administrations, or by continuous infusion. One
typical daily dosage might range from about 1 ug/kg to 100 mg/kg or more, depending on the factors '
mentioned above. For repeated administrations over several days or longer, depending on the
condition, the treatment would generally be sustained until a desired suppression of disease symptoms
occurs. One exemplary dosage of the antibody would be in the range from about 0.05mg/kg to about
10mg/kg, Thus, one or more doses of about 0.5mg/ke, 2.0mg/kg, 4.0mg/kg or 10mg/kg (or any

combination thereof) may be administered to the patient. Such doses may be administered
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 enrichgigufwas phssTved afier pix Aepndd hinding|splgbiRtic| eot i de i ncl uded

I 2RLR MoAtthd RvcOfs-B RAIYONY Bty S%redubje@&d th FRP fullf ,ofﬂiadmg
and 99 using 10the NNS m xed codon set; selecti.gn

selectipp agaiit T gheinsdayieg GHEre0RO VR BHIEHIRpRRE damﬂﬁges The YS-
B anu mlbﬁﬂ} Btaink BAGICed aIkh dcsD |11€éipﬂﬂéehea$ja&lﬁﬁlt0m{’s 28§ figh ehain

T A N T Y

anﬁboljﬁﬂpj ng with the soft randoni zation norrencl ature
0% S be gﬁ%\églze%@ﬁ ie gfﬂlf&% Chenkch ortlg%g 11]:186% pogublqumn chains of 3to
7 umtﬁ@TeﬁSEﬁﬁTE&Tdﬁ@EWﬁﬁZ&S TNSEI6-2 BINSMNGBIE VS ToN BEAGHAGEGBENC).

e o TSR SRR P e MBS0

carboristbaffenpii 8d. ThiviRatell plnlaswm@ ohiarﬁliwédvl@pbfbspiuahdiuffmhésallne (PBS) and

s AR By B Py SR 0t o
plates Weregnbsiquantly ‘@Sh@rwé%myatn@g@ Po Tyeen tl(h @BSH #85%k iFach well

- was in@lbaRf %htflhé’@m%? I?‘mﬂlagghlﬁﬁts%né by e@@m& 3%1nd§29% in PBST) for2

P eny al anl ne Cl ne i sol eucl ne, nd va I ne;
hours ytjseonptgEmPrAlTen EReh varll s veshed Mighiagdn %%iTet@ F@Rpve pehernd phage.

- Bound p‘ﬁﬁ’ée%é aﬁte@ssﬂmaﬁumn%w} M€ 18 1099RUE SRthdfRnUsRd

mut a%fnl ze apu HVR-H1 were

neuﬁa@sA AT TRAsRTCRES S 90p) ?ﬂicbrblue

land Blolabs)
GCTTCTGGECTTCAACNTCNNSTACTCIN ATS CTGGGET
( Srgjiiied nbege veroysed fyrddionges 4 %@}e@&i’n&aﬂ?‘* ’lhﬁ %ﬁmettﬂgct Fihat was

used ui € BB BindP PSt deleibnISudBEvd 13 RSO 2:86h! USiHEh +REndWNBd in the
ed codon set an acid a posi

sortin, eI aS|a SRRIHGISeAee %?ub(g an n gﬁla' wgéeﬁ 59 éoﬂeﬁlﬁ?gtg w1ﬂ? and without
additiohli cg@nidedi@tion eﬁheu stegg/mm{mmﬁ@e Pz ifrithe We §-Bnked polyublqumn
selectl?%% %&%—%ﬁk&:ﬁr%@% éﬁ%?ﬁ%}%yublqm (sgecgo

SR CEAATCOGIT GIATIGT ATONNGY T THATENET ETTAGAGETaTHTAEGSion,
indivi g N EaT s e g AHror T EHLNR BRI L
carbengillippasl Ml.’bﬁOI @ﬂpmh@er awborriapsdromsthasg ciltyes NNS usddie tiigh-

L R
polyubauitiposhiiquitorand @Sldx welsclaped were eubifotadiie BNAngduaica mialsis. A portion of
the heﬁ? Lllpalnpiﬂ thgcludefﬁ’xg HVR w, ngu'eﬁ%h,edlﬂg\lwﬂg fog%/%&gis Vc\)é trhg heavy chain

I gonucl eot1 des used to nutageni z
CGTCTATTATTGTGCTCGCTAATAAGACTACTGGGGTCAAGG (SEQ 11D
NGO 365) and
CGTCTATTATTGTGCTCGCTCI TACTRTTACNNSNNSGSTWI SGACTACTGGG
GICA AUG (SEQ ID NO 375). HVR-L3 was nodified such
that position S91 was random zed accordi ng 35to the
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25
CGTCTATTATTGTGCTCOC655NNSTACS65 NNSTACS??OSTWFSGACT ACT
GGGGTCAAGG (SEQ ID NO 384). The seventh nutagenic
ol i gonucl eoti de included random zation of the
W@ 900342085 at positions 96, 97, and 100 and tﬁ@TﬂEzmﬁmﬁnlb
tryptophan at position 99 using the NNS m xed codon
hype Ahble 1%§10§5C t’I"éJ] HeaQr% cﬂaﬁ}ﬁl r@?%&rﬁﬁbl@%g@o@tﬁ)r mu&bsc}@colﬁ)i%c K48- hnked

rom pfieny ani i oni ne,” | euci ne, and
Polyuhlmmépﬂié@gé@k@t@ﬂ B3-dnker melvalriguien e showain Heary3ofR. The

heavy %&erlgfgé&ﬁa@t&%%&ﬁ lf@@lﬁ%eé@@d@h%@ R&3- lilnﬁédg)bl}ﬁblqlﬁﬁgor both K48-

1 SO ci ne; 30Sel ection of the am no _aci at pOSItI on

linked pOORG-Hees! golyehiqniimaehara i Feresicrnd Pt Thabigdbtiaid{ Y fer sach

clone ®s n%i/ &hYendd6h: bROS bit ihORaturk B KETRIFE W, [ doh@n&8bE HVR L1 and
random zati on nonencl ature descri bed above.

HVR-Gppere AERsciod topn émaginbiiHe B F@%b%f@@ﬁ?ﬂf@é’%gcmg fo be clone-

: spwxﬁmm-i&?g@ﬁ%m NISGENNBNNGS/DY 450 EMWIIBGACT A&ghence is

SASSY HIREUD N § -FRmEEE WA TRICAorD 2B PR 2 G neav chan
and light ¢hein fRQivbikeeubmrel Red liges @. st op codon in the Kunkel

RIS PR R GORUY ok R e g of

djffereﬁagambimegec{blngr Ks-tpoedipdtadiquife or K6alihked askysbiywisn) lﬂfﬁcctlon

s SRR S s v e

growil@. cB7QIR36 Tin@0 fuiimuss, whivheernthtragrewn ovastijziy on srdidegar |caké=smn0 ~
carben\llé:ﬁ{m ﬁlﬁ%e%%l Eers ofag(ll‘%yo% &f Eljﬂgntécﬁ@ £1Eﬁgl glﬁgrgﬁﬁhemcol
ue was T1xe eac

r0Sine T esr
was adld@hia ithrei pitege bytsgslembthapl@gtmé cerining Cai3opeibi MIGrKGDhajpsy ghage
was add @ 0T 2043 B oﬁefch uh 7 R GeRagam 6l oG Rndbn was added
correspon A, ~and S corresponds 5to G
to 250 o o ¥T brh‘él saptileveented matha@rbmlﬂm perhkan gy oja sl s sysaeppigr was allowed
togm‘;‘,g‘gméa{tol i ne.and serine; the am no acid at p05| tion
was sel ected from gl yci ne and seri ne,

K lejleﬂ nbags WkEe bancpsise BY pelvviere ghyee! @r?élpttﬁwéo%ﬁlfi H@ Kgpkel DNA was
isolatelQsthd dn%lﬁs%mvlﬁtr@lafgb € e ARFoNIE of FOREINE T Jat@ Wb \Be B0l Klnkel

f k
B CACTC T AT KT TR X

2 (TCTHIUTER (AR AgenCSCOATgaTualTeaticdgcagruences were: 10

006 R A S S B RO R G AQER A TAT R was

- transfofREAGT GV TEAHTIGEANNSA TENNEMETTAONNGRREEDEHADES 63 TIARGC

Indivi S eR RO (R S AR TER N0 R Pl 4 po e lpnked

polwbﬁﬁiﬁmbﬂﬁn@mﬁr@%éﬁmﬂn%&&)@mghe 1f ophaghELISA as
s RS RIATEREL LRSI ANBINARY 1 i

- polyubitiiinwexeegibjecelbin ¥4 seqeakeatalysn. Ghe ankeo aurd ssgueaess df ypervariable

reglonsogéi[atﬁloﬁ@ﬁz fawg%/ﬁft%% aloaning; g&?éjsﬁ %r(F Sific %@&@gﬁﬁ&a

he’amno’acid at position 5 ci ne and
polyubggitinhed 9 sad 9 (srieeifiv S Kédrdinknd Pa}mblﬂlﬁ?l@o Ahalkigh ehgindie for each

clone v@ag ngt% n#&ehc%ﬁsou?ﬂas@{]& B nattfr@ SRRCYK \Belllﬁfary,acﬂéjseétﬁlées of HVR-L1 and

zat |on at ever ot her OSItlon I N eepln
HVR- L\izmqqe epectesip be inypiipghivaHe %HV%%%P@PW@ cpestef ﬂblt-f«‘cflone-

‘spec:lﬁg O%%—LT%@‘&Q HanoRRfs Skh@\ (fS@'GfIbl'N@ ! 799%@1@61 18Ok I dGequence is

d1o§@@ﬁﬁﬁ§§6¥o&%&§i§@m£&ré\@ 389) In the third
" 1apul 8 library, HVR-1-12 and HVR-H3 were nutageni zed.

HVR-H2 was nodified identically to the nodifications
made to HVYR-H2 in the second apul 8 |ibrary, using the
sanme four 25 nutagenic oligonucl eotides. HVR-H3 was
nodi fied identically to the nodifications nade to
HVRH3 in the first awl 8 ITbrary, using the sane
first six nutagenic oligonucleotides. In the fourth
apul 8 library, HVR-H3 and HVR-L3 were nutageni zed.
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WO 2007/ 120334PCT/ TJS2006/ 062115 In the fifth
apul 8 library, IIVR-HL and HVR-H2 were naut ageni zed.
HVR-H2 was nodified identically to the nodifications
made to HVR-H2 in the second apul 8 |ibrary, using the
- woanwifossar nut ageni ¢ ol i gonucl eoti des. HVR- H PGE{E52006/062115
nodi fied to include a stop codon; the serine at :
p05|t|on 30. and the tyrosine at position 33 were
r SRR “498i ng the NNS mi xed codon set; the anino -
aemdhabnanﬁﬁmthﬁsa&nmaﬁ$ﬁem@nnadﬂwwenmpheﬁyM&W@ﬁﬂW@¢m€mg
| eucin nd AV ARAE @48 i
were usgdp {n fi‘ihE fﬂlotl‘;\gg(ﬂsseﬁ‘%cl:l? 28" “%éér%qﬁes%l Eig%l ne %‘at strain
by maﬁ@tvhtlﬂsm In&yd caneing hesckaivasoldaieads. atfecprdsels W% stgakeg ppysolid agar
of L gtandon zed, i, h f\@*FE’aiB&t(!?)ﬁtaﬁxQﬂ‘ h d were
cmﬁm?ﬂ%%%ﬁpf B SR %guﬁgl gg@fi ed above, Qﬁagﬁm v
p1ckcdcﬂ~dngfﬂmplleﬂesemﬁlgdsm avswihf ¥371CHe Lgpuigeing §“¥I’§ené?ﬁuﬂF-l\7ﬂ-°H cultures

o 45 R PR OIS SRIPIED 8y

2H,0, SAT SEATLS. BREFEGCETONECTH BE) 5130 glibycasg §1 Y Sheffield), pH aﬁhu@ﬁ%to 73by
acldraonl()?< kBI—ﬁBH Lﬁuﬂnh\;&ﬁ'&éﬁ 10 %nlmmh ulfgwﬁéld aultDéBv b B cdBSdR0 55 °C, to

nize dified identicall ]mgtl\?‘ﬁxi
which mmdr:cb(mm 19rid0 MMOP AR HS lllﬁnlt?pe/" ghosesh %E g504)
contai JE e}{muﬂﬁ \!Gl?fo? M Bl ABERHiG 20kitigRN0AseRtd HERested by

|ed|dent|call to the ficati
entrifygaden tng thavel PELICYSYAFe HPFE) SdBfic FEBUISE TP fgi’vsua%efi%&% cach cell

" pellet an@ n§ 0B wh QWM eNise m N@@ammkaa@ﬁg e/ mtiyRedyhe wads0.3

fied identically to the no
U/mL. Rvﬁe LRespeoend ppelie éYﬁW""%ﬁf?fﬁeg ﬁ Cﬁ%‘ff‘ﬁ’é nl%ﬁ%* afygered
rapidlyH L &G0} £ Iﬁllnhtgsp Ntielpeiddtd Whee centrifuged Mt&g@ms loaded on 1 ml
reacti ons for each e .t wo e i_br
protei iR SRR Breéﬁl‘&l%é’ﬁﬁq e T T S R
with 50 pREsd Qﬁdl’@dfférnélﬁtc@bvﬂﬁti 000 mvpsdcammfanmhtahzedmﬂl 159 ul of 2 M

el ect
Tris bz’gf)e e:ﬁa eél I \g‘%% b%%c%ﬁ}‘]\{a\z%rge nﬁotol?]%nan? %&%e%%tcd%&g%éénﬁipgép 10

centriflWERlieys (Miltip@b)i (TaE sesaifing Fub comkitrtontvaradetrgmB&C medi um

det t o
e bR T b S TR e ARt sl
camihdiab mndadeﬂem REELISApragin 2ss0y1 & dwcslk@tabﬁ@ @éeteﬁwa@’é%
relative afrﬁing{ }olr kllé i éad f(ﬁ’; lnﬁéd E%J gﬂﬁcﬁﬁm,aénd%(?c&ﬁﬁh 1t the Fab was not

'enmented with kanany hlrgk
reacuvamdthgmoalwblcmﬁetrqnﬁéﬁst 13@1:@; apy% 1§ ﬁ%@?&te&tsve&rﬁcmrf?é“g ed

polyubi etﬁan%r &, 381[3}58‘69 P&%ﬁﬁlcﬁmfno [FalR3pi 721%{124&[::&{0&511\6@3 crdt®Dpecificity

Wwer e arves and concentrated fromt roth

for Kéwnb@rmlwlmgvgm then f@ﬁdSThE@drs%@rlﬁwwwﬁﬂ%dApu 1% was ot

pot 8 FHceq polyubi quit/n and o3 ?ﬁL;S”M yubi

waillFabswashivt Jezfe@lt HiseqEtos AT LVER X TR §“CP

| hypenﬂﬁalﬂ%&l'bﬁsw&@hom 12, ERapb Qind (AR -LIRE tach Fol tﬂ?ft}boumﬂs

sorted separat el ainst its ressp bv tar. :d ces of
cpecifipplygs KA HRBH g yNIBRBUFE HcR NS e atioRe torid gpen

hypeﬁahmléfegﬁﬁs, lefﬁi’ml mtkeldz 300y ual HN’[RH’L?nfof eich Fiteths lba(und

f d tht
B A by O B LB 40 o o
chain f?ﬁﬁé‘v@i‘k sefﬂbﬁce@ |fcbﬂe?6h Eﬂb&glﬁsaﬂ\mrf@uwﬁln [Tk ﬁezdhwd@hp@@h éﬁ)ervanable
or ac | |
regiong, é—]ﬁVd%gij df}iTV }? E‘?t Bee Cf tical }0 ﬁ]glone gc%@r%m%% % Hf)r% dEél‘gl (see

8URds
SEQ ISNTRe Tu@atzs0 sbbedt i on rounds mere solutlon phase

S 0 i ncubated with biotinylated
%Epfgu""\‘lﬁlgn%’%{)?ﬁsog%ﬂ ge) pol yubi quitin chains for
o Mee 4ffnitinof et Bibs fsoovertioniBe Amveirer WBjupin and its lysine-linked
acore
forms il S s e B B b e et B A B MR fcor)
in solution-sorting buffer and added to. .
neutravi din-coated wells f8 a brief (5 minute)
capture of biotinylated polyubiquitin. A reaction
cont ai ni ng unbi oti nyl ated pol yubi quitin chains served
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15 .

15 m nutes of off-rate selection. After one round of
plate sorting and thee rounds of solution sorting,
i ndi vi dual clones selected fromthe second generation
were grown in a 96 well format as descri bed.

WO 6740 4al cl ones were screened by phage ELIRH/E§H06/062115
sequenced. After the first round of solution

Appro%(lﬁxrageiyrlg@ redhabh @ uifs & gﬁ ‘ﬂﬁ,ﬁ@i 8C E]Irmtlmﬁl@fﬁdl ?&Eﬁﬁ/ eHR {0 br K63-

braries base apu05 and up to 7-
linked @plyibidwitisr{thairggngtisg t %W%W magobiizaden &Hera flowgellsf €MS5 chips

using tﬂ%{ygﬁ %p?r%w%c%% f)l'iegr’:@ knedemfi@biGke 1A bieh Hﬁféhm‘éﬁsﬂow cell 1 was

48-specific clones an
activaleaiieiorrdmi: losad withaus RRBRRAAS DD f&?ﬂ&@ﬁ@ PeEiee |
subu«a&#of? %%ﬁal %ﬁ&ﬂ%hs §fMeb pRERT1.8abesin &Téac(lﬁﬂ lbptf0ll @NapBRf Werb Bijected (50

low off rate) (see Table O

| Th |
ul totakaé o w14 §105 @m%ﬁ) PYFG *%H gotsert e aut oy e°d*)efﬁ’?’"e‘*§ﬁ Pygeorded

and thd ﬂafe?éﬂce]sggnf Eﬂw]lcza@ lsgﬂfabt@@ I |Fiiiﬂbw{n§? disﬁflaﬁéﬁ&gg@ﬁohibm?s)ahmlﬁssurfacc
and a our (0] enri| n or e S 1,T 1

was regipABd Vit SoHPEED BVECL TEora bttt oty i 8u09 gndprnts

are shdw@NEFtreO 1D AU - RﬁhOﬁlblihdg vl K4 Sriinad polyetiguitih Hruany to K63-linked

polyubggllmlill;%st% 2oL %’r%‘l%l g% ﬁﬁt) Isog; ISIS | Ut | os fo%? LgSftool&ilS linked
polyublfiitinC WIS bonT bmm@"m bhﬁammnt ma@muy la;sum@ IR [9@kdeOrserved to

K63- hé(eé @&l{éﬁugmg(géur%qBQP Slm Qr)%%lia yses4\ger§ Bér?oqmgfpfop&l& F:§J

Kinetic constants and binding constants were simultaneously calculated by nonfinear
regression analysis using software provided by the manufacturer, and are shown in Table B. The
language “NB” in Table B indicates that no binding was detected for the indicated interaction. The
language “nd” in Table B indicates that no data was mcasuied_for the indicated interaction. The
results show that the kinetic constants of a particular Fab for binding to diubiquitin are very similar to
those for biﬁding to a polyubiquitin. Thus, the Fabs appear to recognize a particular isopeptide

* linkage between two ubiquitin moieties.

92



2.00x103 1.67 8.40x103 7

m n

WO

2007/ 120334PCT/ US2006/ 062115 Second Sel ecti on
(solution sort for slow off __
"Size Enrichnent Size Enrichnment Size. Enrichnent

rate)

5 mn 10 mn 15

-wBaserli2q334apu05 4. 00x104 17.78 4.00x104 17. 78 P2TAGZ®BM2115
11. 11 Based on apul8 5.50x103

Attorney Docket P2260R ]

TABLE B: Kinetic Constants of Anti-Polyubiquitin Fabs as Measured by BIACORE® Analysis

K48-loked pelyubiguitin Ko63-linked polyubigquitin K48-linked dinbiquitin K63-linked divbiquitin
kn ko K ko Yo Ka Yon ko Ky | knm kog Ky
(M) [(/) (@M [(UAEs) [ [@vd | oMs) | s [ oMy [ a/Ms) | () | (M)
Apndl | 1.92x10° [ 3.49x | 182 NB 3.28x10° | 1.38x | 4.20 NB
10° 162
Apul2 | nd nd nd nd nd nd 546x10° | 6.96x | 12.70 NB
1073 .
Apu03 | nd nd nd nd nd nd 479x10° | 533x | 11.10 | 8.27x10* [ 0.0112 | 135.00
, 107 - ' ,
Apu04 | nd nd nd nd nd nd 538x10° | 5.89x | 10.90 | 3.70x10° | 0.0232 | 62.70
107 :
Apu0s | 1.69x10% | 4.16x | 246 NB 3.70x10° | 1.46x | 3.4 NB
10°? 102
Apule | 1.04x10° | 6.58x | 631 NB 2.60x10° | 2.20x | 8.5. NB
103 _ o _ 102
Apud7 | nd nd nd od nd nd: 1.05x10° [ 9.93x | 9,49 NB
10-3.
Apu08~ | 9.04x10° 8731:; 0.64 NB 1.12x10° | 0.0127 | 11.30 NB
10°
Apu09 | i.05x10° | 9.79x | 9.36 NB 1.81x10° | 0.0169 | 9.32 NB.
10° ' : : *
lApu 10 | 8.45x10° | 5.62x | 6.65 NB 1.12x10° | 0.016 | 14 NB
, : 10° :
Apuli [nd nd nd nd nd nd 9.04x10° | 0.0177 | 19.60 NB
“lApul2 [ 573x10° | 7.07x | 1230 - NB 3.13x10° | 0.0108 | 34.50 | NB
' 107 : ,
lAapn 13 | nd nd nd nd nd nd 1.15x:0° | 0.016 | 139.00 NB
lApn 14 | 1.58x10° 1.028}; 6.85 ' NB 3.18x10° | 2.66x | 8.35 NB
107 _y 167
Apuls |[nd od nd i nd nd 601x10° [ 731x | 10.60 | 1.28 0.0212 | 1656.00
: 107
Apulé [nd nd nd nd nd nd nd nd nd nd nd nd
Apu 17 nd nd nd nd nd nd NB NB
[Apu18 | 232x10° | 0.0169 { 72.80 | 1.09x10° | 8.17x | 7.53 1.73x10° | 1.osx | 11.30 | 1.60x10° | L.75x | 10.40
107 107 107
[Apr1g* 3.16x10° | 1.48x [ 46.90 | 1.01x10° | 1.54x | 15.30
o 107 107 '
Apu 19 ‘ _ NB NB NB NB
Apr20 | nd - nd nd nd ad nd NB NB
Apu2i | nd | nd nd nd nd nd ) NB NB
Apu.22 nd | nd nd 1.53x10° | 0.0101 | 12500 | 6.19x10° | 1.28x | 20.70 | nd nd nd
. : 10° :
Apu?3 | nd nd nd nd nd nd NB NB
Apuzd | nd nd nd nd nd nd NB NB

5 * A second Biacore a.nalysls of Apuld confirmed the prewously obtained kmstlc coostants for the K63-linked

dlublqultm interaction.
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4.07 7.00x103 5.19 4.50x103 3.33 Third Sel ection
(solution sort for both affinity and sl ow off rate)
Z gy igg ig ggn Siée Enri chment Based on apu05
X Based on apul 8 1.00x102 4.2 <
WOgPu7tig03dt ght uni que cl ones. aere i dentified w% SPSEBERe
speC|f|caIIy to K48-1inked pol yubiquitin; those
8R RESWEBG: Subj ected to DNA sequence anaIyS|s The

HVR- 112, and HVR- H3 seq e, '
cﬂeﬁﬁé’ﬂuﬁmé@ﬁmd RR & -ERird e ﬁpﬁr ?‘?‘i)q‘& At e(seh i g finked
or Kas-%&lafés 09Bh BivehSh®Rkckd de@ﬁat&bi’hh@hlyhﬁjdhldlds gm:anﬂ ltralalfdnytd bso
I nked pol yubi UItIﬂQ}tho e. cl.one

electrolg%ujlgetepg@ch logeealﬁ@ aRgs. §p§? C bl;‘;%%g emﬁn@%—‘wme

bIocke(%}dndﬂy A&%@h&ﬁﬁeﬁveﬁﬁcm haise m:ﬂ) £re €8agem Qo@dmgwwgcm (ngen)
ures - T

e SEeag b i SRR, HBl R R ot
serial s&ﬁbﬂéld)bﬂﬂ lﬂleﬁ'ﬂbﬁms pacih inged doddngwenzent fORzens hftone eef hour
T
were reWhildd @sihf HRElcvigu:Bdsetipene @sm aasiprd {Qifizenacprsding to the
manufacturer’s instructions.

The K48-linked polyub1qu1t1n—speC1ﬁc Fabs produced from clones apuOl to apuls

specifically bound to K48-linked tetraublqmtm 1mmob1hzed to nitrocellulose (see Figure 19B). No

“binding of the KX63-linked polyublqmmn-speclﬁc Fabs produced from clones apul7 to apu24 was

observed to K63-linked poiyﬁbiquitin immobilized on nitrocellulose membranes (see Figure 19A).

EXAMPLE 2: ISOLATION AND CHARACTERIZATION OF SECOND GENERATION ANTI-
POLYUBIQUITIN ANTIBODIES '

Second generation libraries for Fab diSplay were constructed from the phagemids encoding
the previously identified clones apu05 (K48-linked polyubiquitin-selective) and apul8 (K63-linked
polyubiquitin-selective) (see Figures 10 and 11). Phage from those clones were used to infect CJ236
cells to prepare Kunkel DNA témplates Those templates were sﬁbsequenﬂy mutagenized to insert
stop codons, and the stop-containing templates were used in library construction as follows.

The Fab apu05 was mutagenized according to two different schemes to create two different
apu05-derived libraries. In the first library, only HVR-H3 was mutagenized. HVR-H3 was first

modified to include a stop codon in the Kunkel template, followed by a mutagenesis utilizing four

. mutagenic oligonucleotides. The stop codon-encoding oligonucieotide in all cases was

CGTCTATTATTGTGCTCGCTAATAAGACTACTGGGGTCAAGG (SEQ ID NO: 365). The first
three mutagenic oligonucleotides were three permutations of the same deéircd sequence, in which oné
tyrosine residue was fixed and each remaining tyrosine residuc was randomized using the NNS mixed
codon set (where N corresponds to G, C, A, or T and S corresponds to G or C); the amino acid at
position 100b was selected from phenylalanine, methionine, leucine, and isolencine; the amino acid at
position 100a was selected from glycine and alanine; and the remaining amino acids were soft
randomized. Soft randomization in this context indicates that certain nucleotide positions were 70%
of the time occupied by the indicated base and 10% of the time occupied by one of the other three
bases. For those oligonucleotides that follow, where such soft randomization was included ata

particular base, the presence of the soft randomization is indicated by the presence of 2 number at that
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sEQ 10-89: HB LAUcASEr o éRicA AR atids TAE PN OATSCABTGGGTGC
GTCAGG (SEQ ID NO: 372). HVR-H2 was modified such that the tyrosine at position 52 was
randomized using the NNS mixed codon set and the amino acid at position 52a was selected from
proline and serine. The oligonucleotides nsed to mutagenize HVR-HZ were
GGCCTGGAATGGGTTGCATAATAATATGCC_GATAGCGTCAAGG (SEQ ID NO: 373) and
GGCCTGGAATGGGTTGCATCTATCNNSY CTTACTACTCTTACACCTCTTATGCCGATAGC G
TCAAGG (SEQ ID NO: 374). HVR-3 was modified such that the tyrosine at position 99 and the
sering at position 100 were randomized using the NNS mixed codon set; the amino acid at position
100a was selected from glycine and alanine; and the amino acid at position 100b was selected from
phenylalanine, methionine, leucine, and isoleucine. The oligonucleotides used to mutagenize FIVR-
H3 were CGTCTATTATTGTGCTCGCTAATAAGACTACTGGGGTCAAGG (SEQ ID NO: 365)
and CGTCTATTATTGTGCTCGCTCTTACTCTTACNN SNNSGSTWTSGACTACTGGGGTCA
AGG (SEQ ID NO: 375). HVR-L3 was modified such that position $91 was randomized according
to the NNS mixed codon set and position I96was selected from phenylalanine, 1soleucme and valine.
The ohgonucleotldes used to mutagenize HVR-L3 were
CGCAACTTATTACTGTCAGCAATAATAAACGTTCGGACAGGGTACC (SEQ ID NO: 376) and
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CGCAACTTATTACTGTCAGCAANNSTCTTACTCTTCTCTGDTTACGTTCGGACAGGGTACC
(SEQ ID NO: 378).

Six different apul8-derived libraries were made by six different mutagenesis schemes of

~ apuld. In the first library, only HVR-H3 was mutagenized. HVR-H3 was first modified to include a

stop codon in the Kunkel template, followed by a mutagenesis methodology utilizing seven mutagenic
oligonucleotides. The stop-codon-encoding oligomucleotide in all cases was
CGTCTATTATTGTGCTCGCTAATAAGACTACTGGGGTCAAGG (SEQ 1D NO: 366). The first
six mutagenic oligonucleotides were six permutatioﬁs of the same desired sequence, in which two
tyrosine or tryptophan residues were fixed and each remaining tyrosine and tryptophan residue was
randomized using the NNS mixed codon set (where N corresponds to G, C, A, or T and S correspénds
to G or C}; fhe amino acid at position 100c was selected from phenylalanine, mcthionﬁé, leucine, and
isoleucine; the amino acid at position 100b was selected from glycine and alanine; and the remaining
amino acids were soft randomized in keeping with the soft randomization nomenclature described
above. The first six mutagenic 011gonucleot1de sequences were:
CGTCTATTATTGTGCTCGCH55TACTACS65NNSNNS57 7GSTWTSGACTACTGGGGTCAAGG

(SEQ ID NO: 379),
CGTCTATTATIGTGCTCGC6SSNNSNNS565TGGTAC577GSTWTSGACTACTGGGGTCAAGG

(SEQ ID NO: 380),
CGTCTATTATTGTGCTCGCS55TACBBSS65NNSTACS 77 GSTWTSGACTACTGGGGTCAAGG

(SEQIDNO: 381),
CGTCTATTATTGTGCTCGC655NNSTAC565TGGNNS577GSTWFSGACTACTGGGGTCAAGG

(SEQ ID NO: 382), _
CGTCTATTATTGTGCTCGC655TACNNSS65TGGNNS577GSTWTSGACTACTGGGGTCAAGG

(SEQ ID NO: 383), and

CGTCTATTATTGTGCTCGC655NNSTAC565NNSTACS 77GSTWTSGACTACTGGGGTCAAGG

(SEQ ID NO: 384). The seventh mutagenic ohgonucleonde included randomization of the tyrosines
at positions 96, 97, and 100 and the tryptophan at position 99 using the NNS mixed codon set;
selection of the amino acid at position 100b from phenylal‘anine,. methionine, leucine, and isolencine;
selection of the amino acid at position 100¢ from phenylalanine, methionine, leuciﬁe, and isoleucine;
selection of the amino acid at position 100b from glycine and alanine, and soft randomizatioﬁ at gvery

other position, in keeping with the soft randomization nomenclature described above. The sequence

-of the seventh oligonucleotide was:

CGTCTATTA’ITGTGCTCGCﬁSSNNSNNSS65NNSNNSS 77GSTWTSGACTACTGGGGTCAAGG

(SEQ ID NO: 385).
Tn the second apul8 library, only HVR-H2 was mutagenized. HVR-H2 was first modified to

include a stop codon in the Kunkel template, followed by a mutagenesis methodology utilizing four

mutagenic oligonucleotides. The stop codon-encoding oligonucleotide in all cases was
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7 GGCCTGGAATGGGTTGCATAATAATATGCCGATAGCGTCAAGG (:SEQ 1D NO: 373). The

first three mutagenic oligonucleotides were three permutations of the same desired sequence, in which
one tyrosine residue was fixed and cach remaining tyrosine and the serine at position 52 were
randomized using the NNS mixed codon set (where N corresponds to G, C, A, or T and S corresponds
to G or C); the amino acid at position 52a was selected from proline and serine; the amino acid at
position 55 was selected from glycine and serine; the isolencine and position 51 and the threoninc at
position 57 were ﬁxed and the remaining amino acids were soft randomized in keeping with the soft

randomization nomenclature described above. The first three mutagenic ohgonuc}eotlde sequences

WEre:

GGCCTGGAATGGGTTGCATACATCNN SYCTNNSNNSRGCS67ACC567TATGCCGATAGCGT

'CAAGG (SEQ ID NO: 386),

GGCCTGGAATGGGTTGCANN SATCNNSYCTTACNN SRGC567ACCS6TTATGCCGATAGCGT
CAAGG (SEQ ID NO: 387),and '
GGCCTGGAATGGGTTGCANNSATCNN SYCTNNSTACRGCS67ACC567TATGCCGATAGCGT
CAAGG (SEQ ID NO: 388). The fourth mutagenic oligonucleotide included randomization of the
tyrosines at positions 50, 53, and 54 using the NNS mixed codon set; selection of the amino acid at
position 52a from phenylalanine and serine; selection of the amino acid at position 55 from glycme
and serine; fixing the isoleucine and threonine residues at positions 51 and 57, rcspecﬁvély; and soft
randomization at every other position, in keeping with the soft randomization nomenclature described
above. The sequence of the fourth oligonucleotide was: - '
GGCCTGGAATGGGTTGCANN SATCNNSYCTNNSNNSRGCS 67ACCS 67TATGCCGATAGCGT
CAAGG (SEQ ID NO: 339).

In the third apul8 library, HVR-H2 and HVR-H3 were mutagenized. HVR-H2 was modified
identically to the modifications made to HVR-H2 in the second apul§ library, using the same four
mutagenic oligonucleotides. HVR-H3 was modified identically to the modifications made to HVR-
H3 in the first apul8 library, using the same first six mutagenic oligonucleotides.

In the fourth apulS library, HVR-H3 and HVR-L3 were mutagenized. HVR- I—I3 was
modified identically to the modifications made to HVR-H3 in the first apul8 library, using the same
first six mutagenic oligonucleotides. HVR-L3 was first modified to include a stop codon in the
Kunkel template, followed by a mutagenesis using a mutagenic oligonucleotide. .Within HVR-L3,the
tyrosines at positions 91 and 94 and the serine at p-osition 95& were randomized using the NNS mixed
codon set; the leucine at position 95b was selected from phenylalanine, isoleucine, and valine; and the
serines at positions 92, 93, and 95 were soft randomized in keeping with the soft randomization
nomenclature described above. The oligonucieoﬁdes used for the mutagenesis of HVR-L3 were
CGCAACTTATTACTGTCAGCAATAATAAACGTTC GGACAGGGTACC (SEQ ID NO: 376) and
CGCAACTTATTACTGTCAGCAANNSS 675 67NNSS67N_NSCTGDTTACGTTCGGACAGGGTA

CC (SEQ ID NO: 390).
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In the fifth apul8 library, HVR-H1 and HVR-H2 were mutagenized. HVR-H2 was modified
identically to the modifications made to HVR-H2 i in the second apul8 library, using the same four
mutagenic oligonucleotides. HVR-H1 was modified to include a stop codon; the serine at position 30
and the tyrosine at position 33 were randomized using the NNS mixed codon set; the amino acid at
positién 29 was selected from phenylalanine, leucine, isoleucine, and valine; the amino acid at
position 34 was selected from isoleucine and methionine, aﬁd the amino acids at positions 31 and 32
were soft randomized in keeping with the soft randomization nomenclature described above. The
oligonucleotides used for the mutagenesis of HVR-H1 were:
GCAGCTTCTGGCTTCAACTAATAACACTGGGTGCGTCAGG (SEQ ID NO: 371) and
GCAGCTTCTGGCTTCAACNTCNNS56756TNNSATSCACTGGGTGCGTCAGG (SEQ ID NO:
391). _ | S
Tn the sixth apul8 library, HVR-H1, HVR-H2 and HVR—L3 were mutagenized. HVR-HI was

. modified identically to the modifications made to HVR-H1 in the fifth apul3 library, using the same

mutagenic oligonucleoﬁde HVR-H2 was modified identically to the modifications made to HVR-H2
in the second apul8 library, using the same four mutaﬂemc oligonucleotides. HVR-I.3 was modlﬁed
1denﬁcally to the modifications made to HVR L3 in the fourth apulg library, using the same
mutagenic ohgonucleotlde '

Mutagenesis reactions for each of the two apuS-derived libraries and each of the six apul8-
derived libraries were transformed into electrocompetent E. coli XL-1 by electroporation. Cells were
allowed to recover for 30 minutes at 37 °C with agitation in SOC medlum Twenty microliters of the
cell-containing SOC medium was reserved to determme the number of transformants, and the
remainder was then transferred to 500 mi 2YT contammg carbemcﬂhn and 10'° M13K07 helper
phage per milliliter. After 45 minutes at 37 °C with agitation, the broth was supplemcnted with

kah_amycin and grown overnight at 37 °C with agitation. The number of transformants for each

- library was >1 (°. Phage were harvested and concentrated from the broth by centrifugation and PEG

precipiiaﬁon, and subsequently used in rounds of sclection. »

- K48-linked polyubiquitin and K63-linked polyubiquitin were immobilized on different
Maxisorp plates (NUNC) as described above in Example 1(A). Each library was sorted separately
against its respective target (K48-linked polyubiquitin for the two apu05-derived libraries, K63-linked
polyubiquitin for the six apul8-derived libraries) for one round with the addition of 3 pM -
monoubiquitin in the sorting buffer. The eluted phage were amplified and pooled (two pools, one for
each lysine-linked polyubiquitin target} for further rounds lof sorting.

Subsequent selection rounds were solution-phase sorted. Phage pools were incubated with
biotinylated (Sulfo-NHS-biotin, Pierce) polyubiquitin chains for one to two hours at room téniperature
in solution-sorting buffer (PBST with 0.5% Superblock (Pierce)). The mixture was diluted five- to

" ten-fold in solution-sorting buffer and added to neutravidin-coated wells for a brief (5 minuie) capture

of biotinylated polyubiquitin. A reaction containing unbiotinylated polyubiquitin chains served as a
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control to monitor background phage binding. The plates were washed with PBST and eluted w1th
0.1 M HCI for 10 minutes. ' ‘

Stringency was modulated in three ways: by the concentration of biotinylated polyubiquitin;
by the addition of excess unbiotinylated polyubiquitin to compete for binding before capture on
neutravidin-coated wells; and by the duration of the competition. For each round of sorting, -
monoubiquitin and polyubiquitin of the other linkage was added at a concentration of 30 pg/ml to the
sorting buffer during the first incubation step. The first round of solution sorting employed 20 nM

biotinylated polyublqmtm incubated with phage for one hour at room temperature. The mixture was

" then diluted tenfold in solution- sorting buffer, and captured using neutravidin-coated wells for five

minutes. For the second round phage was equilibrated with 20 nM biotinylated polyubiquitin, as in
round 1, but was diluted tenfold in solution-sorting buffer containing 30 pg/ml of uﬁbiotinyiated
polyubiquitin (K48-linked for K48 sclection, K63—1ink€d for K63 selection) for fifteen minutes of off-
rate selection followed by capture on neutrax'ridiﬁ coated wells. The third round of solution sorting
was as described for the second round, but further included 5 nM biotinylated polyubiquitin and 30
minutes of off-rate selection.  After one round of plate sorting and three rounds of solution sorting,
individual clones selected from the sccond generation were grown in a 96 well format as described.
Ind1v1dual clones were screencd by phage ELISA and sequenced.

After the first round of solution sorting, up to 40 times enrichment was observed for the

. libraries based on apu05 and up to 7-fold enrichment for the libraries based on apul8 (sce Table Cj.

An additional 11-fold enrichment was obiained for the K48-specific clones and an additional 3-fold

“enrichment for the K63 -specific clones after the second selection (solution sort for slow off rate) (see

Table C). The third selection (both affinity sorting and off-rate sorting) resulted in an 18-fold
enrichment for the K48-specific clones and a four-fold enrichment for the K63-specific clones (see

Table C).-

* Table C: Resulis from Second Generation Anti-Polyubiquitin Antibody Library Solution Sorting

First Selection (solution sort for affinity)

5aM 10 nM 20 oM

Size Enrichment Size Ennchment Stze Enrichment
Basedon | 2.00x16* | 20.00 3.00x10* 30.00 4.00x10" 40
apuls S ' _
Basedon | 220x10° 1.83 2.00x1¢° 1.67 8.40x10° 7
apul8
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Second Selection (solution sort for slow off rate)
5 min 10 min 15 min
- Size Enrichment _ Size Enrichment Size Enrichment

Basedon | 4.00x10* 17.78 4.00x10° 17.78 2.50x10° 11.11

apuls .
Basedon | 5.50x10° 4.07 7.00x10° 5.19 4.50x10° 3.33

apul 8

Third Selection (solution sort for both affinity and slow off rate)

5 nM and 30 min
Size ' Enrichment
Basedon | 4.70x10° 18.60
~apu(s '
Basedon | 1.00x10° 4.25
apul8 '

Sixty-eight unique clones were identified which bound speciﬁcally to K48-linked

~ polyubiquitin; those clones were subjected to DNA sequence analysis. The HVR-HI, HVR-H2, and

HVR-H3 sequences of those clones arg shown in Figures 14A-F. Thirty-one unique clones were
idénﬁﬁed which bound specifically to K63-linked polyubiquitin; those cloﬁes were also subjected to
sequence analysis. The HVR-H1, HVR-H2, and HVR-H3 sequences of those clones are shown in
Figures 15A-C. The light chaim HVR for each of the K48-linked polyubiguitin and K63-linked
polyubiquitin-specific clones were not sequenced, but, as with apu(5 and apul8, the sequénc'es of
HVR-L1 and HVR-L2 were expected to be invariant, while the HVR-L3 sequence was expected to be
clone-specific. The HVR-L1 sequence is RASQSVSSAVA (SEQ ID NO: 79) and the HVR-L2
sequence is SASSLYS (SEQ 1D NO: 80), according to the library deéign. All clones had the same
heavy chain and light chain framework sequences (see Figure 6).

The twenty clones with thé greatest obsei"ved binding (ten K48-linked polyubiquitiﬁ—speciﬁc
and ten K63-linked polyubiquitin-specific) were produced as Fabs as described in Example 1. Fabs
apu2.01 through apu2.20 were subjected to DNA sequence analysis. The HVR-HI1, HVR-H2, HVR-
H3, and HIVR-L3 sequences of those clones are shown in Figures 16A and B (K48-specific Fabs) and

“17A and B (K63-specific Fabs).

Fabs apu2.01 through apu2.20 were included in an ELISA prétein assay to determine their
relative affinities for K48-linked and K63-linked polyubiquitin, and to confirm that the Fabs was not
reactive with monoubiquitin or BSA (see Figure 18). Apu clones 2.11 and 2.12 each demonstrated '
about 300 times greater affinity for K63-linked polyubiquitin than for K48-linked polyubiquitin in
that assay. Apu2.20 and 2.16 had lesser, but still marked differences (about 30 times greater and
about 10 times greater, respectively) in affinity for K63-linked polyubiquitin as compared to K48-
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linked polyubiquitin. No binding of clones apu2.01-apu2.10 to K63:linked poly- or diubiquitin was
detecied. ' ' '

Each Fab was also analyzed by BIAcore as described previously in Example 1(C). The
obtained kinetic constants and binding constants are shown in Table D. The language “NB” in Table

5 D indicates that no binding was detected for the indicated interaction.

TABLE D: Kinetic Constants of Anti-Polyubiquitin Fabs as Measured by BlAcore Analysis

K63-linked polyubiquitin KA48-linked diubiquitin K63-linked diubiguitin
ke Ko (1/5) Ky Kon ko (1/s) Ka Kon koe(175) | Ky
- (1/M-s) (uM)_| (I/M-s) (M) __| (1/M:s) (aM)
Apu2.01 NB | 6.33x10° | L49x10™ | 235 NB
| Apu2.02 INB [ L1ix10° | 101x107 |9.16 "f | B
Apu2.03 NB [ 867x10° | 2.66x10° | 3.07 7 ' NB
Apu2.04 NB “T622x10° 9.39x10° | 15.10 NB
Apuz.05 NB [ 120x10° | 6.09x10° | 5.06 NB
Apu2.06 NB | 128510° | 240x10° | 1.87 | NB
Apu2.07 NB | 2.70x10% | 3.18x10° | 1.18 _ NB
Apu2.08 NB | 1.25x10° | 7.21x10° | 576 NB
Apu2.09 NB | 7.15x10° | 4.78x10° | 6.69 - | NB-
Apu2.10 NB | 3.28410° | 3995107 | 121 ' : NB
Apul3 NB | 244x10° | 1L.07x102 | 4.37 NB

Apu2.l] | 249x10° | 7.11x10° | 28.6 | 1.68x10° | 1.24x10° | 738 3.12x10° | 1.02x107 | 32.7

Apu212 | 4.76x10° | 9.68s10°0 | 203 | 5.66x10° | 7.88x10° | 1390 |549x10° | 1.51x10% |27.5

Apu2.13 | 489x10° |241x10° [493 |[2.08x10° | 2.15x107 | 103 5.83x10° | 4.11x107 | 7.05

Apu2l4 | 2.00x10° | 7.08x10° [ 340 |4.97x10° | 1.15x10° | 2310 2.14210° | 1.06x107 | 49.6

ApuZis | 9.07510° | 9.98x10° | 110 | 1.43x10° | 1.23x107 | 856 T10x10° | 1554102 | 14.0

Apu216 | L.68x10° | 1.8Ox107 | 107 | 4.11x107 [ L73x10° [ 42000 |138x10° | 127x10% [92.1

Apu2.17 | L19x10° | 1.35x107 [ 113 | 6.90x10° | 2.73x10° | 396 1.13x10° | 2.89x107 [ 25.6

{Apu2.18 | 148x10° [ 1.89x107 | 128 [4.98x10° | 5.36x10° | 1080 2.66x10° | 2.53x10% [ 95.0

Apu2.19 | 8.97x10° | 847x10% | 944 [254x10° | 1.24x107 | 489 8.76x10° | 1.41x10™ 1 16.1

Apuz20 | 2.93x10° | 1.77x107 | 60.7 | 4.02x10° |3.77x10° | 939 4.19x10° | 2.50x107° | 59.7

Apul8 1.09x10° | 8.17x10° [ 7.53 [ 3.16x10° | 1.48x10%° | 46.9 1.01x10° | 1.54x107 | 15.3

Several of the Fabs based on apu03 had K¢s lower than that of the Fab corresponding to apu05 for
K48-linked diubiquitin, representing tighter binding to polyubiquitin. Each of the épuZ.i 1-2.20 Fabs
bound not only to K63-linked polyubiquitin but also, to a lesser extent, to K48-linked diubiquitin.
While only apu2.13 had a lower Kd than apul8, its Kd for K48-linked diubiquitin was larger than that
of apul8. Each of apu 2.11, 2.12, 2.16, and 2.20 had better ratios of Kd for K63-linked polyubiquitin
to Kd for K48-linked diubiquitin than apu18. The observed kinetic constants for binding of the
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apul 8-based Fabs to K63-linked polyubiquitin were similar to those observed for binding to K63-
linked diubiquitin. |

The ability of each Fab to specifically bind to polyubiquitin immobilized to a nitrocellulose

membrane was also assessed by Western blot as previously described in Exampié (D).

_Tetraub1qu1tm containing either a K48 or K63 linkage, diubiquitin containing the opposite lysine

linkage from that of the tetraubiquitin (e.g., K63-linked diubigitin when K48-linked tctraublqmtm was
used, or K48-linked diubiquitin when K63-linked tetraubiquitin was used), and monoubiquitin were
immobilized to nitrocellulose membranes, and Fabs apu2.01- 2.20 were assessed for their abilities to

recognize all three immobilized molecules (Figures 20A and 20B). None of the Fabs specifically

_recognized monoubiquitin. Apu2.01-apu2.10 each specifically recognized immobilized K48-linked

tetraubiquitin but did not recognize immobilized K63-linked diubiquitin (see Figure 20A). Several
other bands appeared on the blot which represent contaminant tri-, penta-, and 6ctaubiquitin species in
the K48-finked tetraﬁbiquitin preparation. Apu2.11-apu2.20 specifically recognized immobilized
K63-linked tetraubiquitin and did not recognize immobilized K48-linked diubiquitin (see Figure
20B). | |
EXAMPLE 3: BINDING OF AN TI-POLYUBIQUITIN ANTIBODIES TO ENDOGENOUSLY
POLYUBIQUITINATED PROTEINS

Previous experiments had demonstrated that the actzwty of Receptor Interacting Protein
(RIP), a 140 kD essential mediator of the proximal TNF receptor 1 (TNFR1) signaling complex, is
modulated by polyubzqumnaﬂon (Wertz ct al., Nature 430: 694-699 (2004)). "When RIP is

polyubiquitinated w1th K63-linked polyubiquitin chams signaling through TNFR1 is facilitated. -

Removal of the K63-linked polyubiquitin chains from RIP by the de-ubiquitinating N-terminus of
A20 and replacement with K48-linked polyubiquitin chains by the ubiquitin ligase function of the
A20 C terminus inéctivates RIP and targets it for protf_:asomal degradation. That mechanism had been
elucidated using cell lines expressing mutant ubiquitifl capable of forming only K48-linked or K63-
Iinked polyubiquitin. &

The ability of two of the anti-K48 and anti-K63-linked polyubiquitm bmdmg proteins of the
invention to specifically recognize the differently polyublqumnated forms of RIP that exist in HeLa'
S3 cells at different time points afier TNF treatment was assessed. Four liters of HeLa 53 cells at
approximately 1.5 x 10° cells/mL. were treated with 21 pM MG-132. Immediately after treatment,
one liter of cells was removed from the main cﬁlture, harvésted by centrifugation, washed with 200
mL PBS, and recentrifuged. This sample was used as the fime zero time point, The remaining three
liters of cell culture were treated with 100 ng/mL TNF. One liter of cells were removed, harvésted,
washed with 200 mL PBS, and recentrifuged at each of 5, 15, and 25 minutes after freatment with
TNF. The cells from each time point were lysed in 30 mL of IP lysis buffer (LB) (20 mM Tris pH
7.5, 150 mM NaCl, 1% Triton x-100, 1 mM EDTA, 25 pM MG-132, 10 mM NEM, 30 uL of each of
phosphatase inhibitor cocktails 1 and 2 (Sigma), and 1 Complete protease inhibitor tablet (Roche))
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Apul 8 1.09x106 8.17x10-3 7.53 3.16x105 1.48x10-2 46.9
1. 01x106 1.54x1012 15..3 Several of the Fabs based on
apu05 had Ics I ower than that of the Fab
correspondi ng to apu05 for 10K48-Ilinlced diubiquitin,
whepd2eenhi ng tighter binding to polyubiquitipcrigedesziis
of the apu2.11-2.20 Fabs bound not only to K63 l'inked
yubiquitin but also, to a |lesser extent, to
and m&u@rqdmwéefmmn@bf@f% PHOO0 maeR Kk ysaigias trpasfesed toya SO mL
centrif@¥Ribe K Jel@th AW 3 fivk indouked af 1@00KE 8 IThdeOEin concentration of the

di ubi U|t|n was | arger than that o apul8. Each of

Iysategﬁ)gp epchy fme pointyvas 95'5115’6‘3“ akrgh rsatp (04l 58 f’E’(CE fime geipiggithgiormalized
proteif@oriceitraiidy st Ploy UPS- 48 hbrehw o1 U uhBlbckéd Broteink@theads at
4°C. %h%gelta%%néldg%{s hm%?%a a[l%edot?on%rﬂg yg bs )[é/egt%fuoanon at 5000 rpm for 5
minutd0 Q7¢akipR 334 REI £I52 026 1062 fot Birap WkSedReshalabsmt the remaining

K63- Li nked yubiquitin were simlar to those
e

volumg s Frizeq 2t inding to K63- |inked diubiquitin.
Threurallgirhli $ayhpleh oﬁéicmlyk_aﬁ?d)wérﬂtak@ﬁ dlofeacmahlhyle bhadidéd?5 mM MG-132

|
and 2@#@ Oiuv\zNas m%lrs ‘661'5 g % dbdnegly a@@g k p&@?mﬁ % g]t B %NFRI antibody.
Two opiteesanples Wrm&mombmdd wnh Ex apiplleofla c@itrol %bmc&dimﬁquyct) 1Al

' samplgs “rr]f:trgxl.ngllnbagd ?(httvlvj eﬁou% f’?'{ %@a%lo%-, f&iﬁ%@g b¥ '?1% H(Pdt tﬂolﬂx'o‘f ll%tb pl ofa

03|te si ne
50% stdﬂre of exthi@cisldzﬁ foetein lArbeé@ The; Sam:@& wrnkleldaatid atd® ¢i b1 am aditidipnal 5

s LT SRR T oot By ORI s

with 15md- Irﬁ)ﬁwbquuil@ ofy I\Beqoetammdkl\{ Na@bepdtwq with 3@ el T o’@»@ washed
beads %H@ésagb cd ﬂpﬁzﬁﬁﬁigadﬁal%agﬂen%d %Qmwaﬁee éﬁése%%‘%quﬁlé was

hei r ties to recognize all thrée | mobilized

aspiratyg push Lhaé@c (‘uhs: epuptaingd 2 bt yplgmp 08350 %ﬁlﬁl 369 me Relidmaggavas added to

“each séﬁ;ﬁ@ bk b &ak) |c¥ncéﬁfa%§19ﬁ@h&1%@n€i@ BOsNRiOIBEL IThe samples were incubated for

01-apu2.10 each specifical I%/ﬁ recogni zed

Apu?2
1S mitoaBtPPR EtPORRES Vithgeate tepio peieds A CHf sl pelletcd by
ce_:ntnfﬁ@lﬁ@ﬁ nA g@mbmw gugﬁﬁbt&ﬁ@%ad fedtkRd fdd Wd@teﬁwmt |aﬁh1}(s%eﬁld the

remml};ﬁ sg]geentlaé%alt ] ﬁilc\ﬁg%%:l? Ig, {):rg{;ﬁnategﬁ Smfl Sge ar 1Ptgd tg |18 ml with
d1ssocﬁﬁ<51ﬁﬂl%h6wbdffeﬂ(l%UﬁﬁbleXl(D(]’l 0 B%eic&éﬁhdiatﬂ Ke@mM NaCl 50 mM HEPES pH'
12, SIS DUBISRRLEN) Mot 11-apu2 20

t Eiidhahlhplﬂ whd dplit iatodwa ifide MD poitieno gk pertivmwipbichted edh 2.5 ng
apu2. Igé["hsaf }Iaa\id% ecit rc% l%\!eg %lrlortnlﬂr;]e fg o?m It:OI # fO% form, and the other was treated with
2.5 ng apu2.07 that had been reformatted from the fab form to the IgG form. To both samples were
added 50 pL protein A beads, and the samples were incubated for 5 hours at 4° C. The protein A
beads were pelleted and washéd three times in TNFR1 LB, haviﬁg been transferred to microfuge
tubes during the washing process. Sample buffer was added to all samples, and each sample
(including the samples previously rescrved for Western blot analysis) was reduced and run on 10%
tris/gly 1.5 mm 1G-well Novex® gels (Invitrogen). After running, the proteins in the gels were
transferred to Invitrolon™ PVDF membranes (Invitrogen) according to the manufacturer’s
instructions. The membranes were blocked with 5% PBS-T and probed with an anti-RIP monoclonal
antibody (Becton Dickinson) overnight at room temperature. The blots were then washed, probed
with HRP-conjugated goat anti-mouse secondary antibody (Cappel), washed, exposed to the reagent
to activate chemiluminescence, and exposed to film. The results are shown in Figures 21A. and 21B.

Figure 21A depicts the blot containing the samples first immunoprecipitated with TNFR1 or anti-myc
and then immunoprecipitated with the apu2.16 IgG (K63-linked polyubiquitin seiective). As shown
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1520B). EXAMPLE 3: BI NDI NG OF ANTI - POLYUBI QUI TI N

“ANTI BODI ES TO ENDOGENOUSLY POLYUBI QLUI TI NATED
PROTEI NS Previ ous experinents had denonstrat ed
that the activity of Receptor Interacting Protein

W ROP)2033 140 | cD essential nediator of the pPoXPpigpoe0621is
TNF receptor 1 (TNFRL) signaling conplex, is

‘m Flgl&% gg&lﬁ% (th %%Q 819%111% %%:3321;1 'nﬂr@ V&Iglﬁl 4&\4@[&:& ér R theBkrotime sample.

The Ripdayddscitringosiait el > winthe G Bl] 4od Kasa dpsstagadisiggificenty in the 15 and 25

oSS LI R A B s

TNFRRpRutynychaed then mtqlapww@rqdﬁgth XBBR R HEG (B Jigke giegbiauitn

_ sclectlgeﬁ pjﬁx?gil%@ﬁ B Fl\%ﬂ: Blﬂi(‘bg RIib FEEH AR BE G -fob O bl 1 s, tMP levelsin -

e-ubiquitin Iigase function of the A20 C term_nu
this blgt jnseesod av @RI PAXYRP PaRgFEHS e £9 Partcit RS ARl This dara

correlofE 9B @ﬁte:allql&l' finbRat ﬂﬁﬁﬁ)hﬁlﬁl hacbugieds TRERI,RIP thaHr@ & 63-linked

polyub@it&@p&i%th@%%%@ﬁ%ﬁ% fei ?teciég@t[(ﬁ% QHE%]ICP 1yub181?18.na%d%y A20.

Thus, ﬂ@ﬁﬂlﬁ@}%lﬂf tHeRnvention WereTafb& ta bpebllﬁtzally@ﬁndtw\/ﬁhdaﬁscﬁin&late between a
i-K48 and antj I.n

K63 PR U GOV PR T K BRPT R BAP T e R gt
been pbip@ighitfb @B @ndelty pol yubi quitinated forms of RIP that

xafilp G ATION S Sl RpPREBR ok PR AR anr.

POLYUBIQSTHEN SSTHQPIES nately 1.5 x 106 cells/ ml- were
treated with 21 p. M MG 132. Immedi.ately after
t gl avaerationditmripy foeFabalisple Mers cpppiugted e thephagamidisacoding the
prewo&'ﬁi' Een%g%& ﬁ{lﬁ: sg?fé\é(%gg %gke@f)oﬁﬁﬁlﬁlﬁbﬁ k@&ﬁ&e‘}’ Bee E?a%ﬁbfecb and Figures

recentri hi s sanpl e

- 17A andsté'a) Fhagerfeom {hateclons pes uok rﬁ@?tﬂf'} 23 émas PEFRTRP #gm‘fqh%é

templale' tlﬁﬁt%enﬁglatg@!ié suﬁééhﬁe‘ﬂﬁ mhRb&id BahRE sib bdiodd) Bnd 8¢ Mp-containing

l'iter of S Were r enoved, har vest ed,

fempla%a%ﬁ@@%‘ilhbfz’(woﬁsﬁuﬁﬂﬁ,asE’Hﬂ“’?‘ecentr| fuged at each of

SThelFab a ,]am 62s Fubidt@Rd afdoRlingtth SRdcRMdrentbchbma 5o drdlffe three

o S e By 5 R b 87 O

HVR- I—Mm&&é&fﬁ&é& 10 thckrdd 0 Bop dodoiMinERETRynk25 e1gpthtb/Ee1b32d bil Omotpenesis

TR R RSSO Sl R

sequenta\biseﬁcﬁamfr GIGGWGAMWA@E%@"&E@@T@&G@KSEQ O NO:

nut.e EaC
371). @5 nﬁﬁagg Bhe F%qnﬂcd%‘) U eerm}a i (cli Ml%glﬁt F VVI ce 2?6‘? ?e?sefeae@ﬁom
phenyliiihrﬂtlﬂ; kaciad, isbRp@oQ and glinef ke 1@#@@9@ ﬁ pestmeritie bt selgpredfrom

te. f i T an
mcthmfnn at%dyﬁc’o ?gmﬁ%s(-{}?] ﬁggglgtﬁ& o%&’éﬂ(}%ﬂ:n Sre @ﬁéoh@%h&g I‘tozg"’@b& or T and
S conemoadseto G @dﬁc@dﬁhﬂﬁbﬁ@ﬂd})ﬂlmﬁ@nlﬁlﬁ erama@@@s K3 T3, 982, pngL33. Soft
randmﬁ%%rgm% § Bonke [%digapa Ak PRI SR AGREALS708E otk thme

S an rrs were separated fromthe |ysate

occupishbydnindicdtertfass ad 14%6 of (fi@olnﬁpﬁmﬂtﬂﬂ by opy af feether thice &S &For

‘those omuﬁlé&ﬁgs fubi gﬁ'ﬁo%sa Ghede ¥@ALER fRAoraLIBE adBSIL @K Bt @ﬁa@ﬁcular base,
Ral ysi s th

e renal ni ng vol une was rozen
e prescg G the Soft ranplaization Wdlca%cgtwdh%%rewceé%é RUTRFE %&ﬂéat fisp gosition.
The nul;n@gfe‘@” indRaCOHE (ST RleNBS wRGH &Nt 20%ivHMiamE 32&1&@651@91 while the

gL NE1VI. Two sanpl es were each ed o
bases gaying C3b9singnand FBFRTNIRY e%?ﬁﬂ%%;l/o; i‘g:?er%e 0%/”‘ W&?ﬂysﬁ‘ﬁﬁl‘%‘é“’f 6
refers tWREBIBAEGN td‘é}fﬂéh‘l@ edd v tih ﬂ@nﬂ)egﬂﬁd?fém Bfeach @QNEACHbT the other three

ant i body ( ) \%%]{: Aﬂl S n%)heg were inc atet o316
bases \GRBFNBLILY A6 T G Qe TR RO RBIo T ST GUS By ERgeene ap

addi tion of 150 gL of a 50% slurry of unbl ocked

protein A beads. The sanples were incubated at 4 C

for an additional 5 hours with rotation. The sanples

were pelleted by centrlfuqzél{l on, and the beads were

washed once with 15 nL LB, 'twice with 10 nL LB
containing 1 M NaCl, and twice with 10 m. LB. The
washed 15beads were resuspended in 1.25 nL LB and
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Thus, the antibodies of the invention were able to
specifically bind to and di scrim nate between a
10K63-1i nked pol yubi quiti nated pol ypepti de and a
K48-1i nked pol yubi quitinated polypeptide that had
wdmeripssdyubi qui tinated in cells. EXAVPLE 4: BCI¥SEHI6(HGE11S
AND CHARACTERI ZATI ON OF THI RD GENERATI ON
' | P AGG
HvRf| W T AG LT A PR SRRy o £ R PRERERbppRacaTCas
(SEQ IDheopizagem-d encoding the 15previously identified
U2 80658 BEhnfIGH| ¥fdwed b
(IR s PR R PR, Ko ENREL BRhved vy
mutagdnbad utﬂ:llzmgl élramamtaﬁmd Ohgmnuqiﬁoeéﬁts Chexsm coddrr @C@Cbn%jﬂ’éﬁfaﬁ“@mde in
all cas%v.tfaggﬁﬁCT AFMAA’FM@@@A’Y@@C@?@M@@Q REQYD NO:
enl ze o |nser stop codons,
373). 'Slte(ﬂ:mec:mmagﬁﬂm ofigoruelgsidat wee Wé’r@ﬂ@!%@@nﬁ ?f aiﬁfﬁrda%ﬂg?d sequence, and
one seco%ii ﬁcsfré{*f:ste@%ﬂ A5t QM QUBcd sddiends AR 1 ABY 2nel B H@RA one randomized

eni zed according to three different schenes é)
iyrosing st e of [PGHYS Bioeh o e dte BNSIBPFY BHOR P SArpiged obove)

. fixed r!:sﬁhug]aq Rgsllt{ §§ 51 F(:légfeﬂ&ﬂe) 4y @rbﬁne}a pyl (t78nehiS Sl €ne), and 57

1 ze

was nuta enlze to inclu
(ﬂneorsltebpnd:@cﬂfdwdm@ﬁ@ Kpprtians ?%?m% 5%6?“10‘6‘\9&5‘% %‘3 %P%

randonmgtlﬁﬁ ERERL &saBLA %‘9&)0 A¥e sbdddiddifag seﬂﬁ@wéﬂﬂﬁﬁ@ﬂ ﬁfbd residues at
gonucl eoti de. The _stop codg?g enc

posmogq j]d@ﬁig@ql%tspg@r%l@ab &hdwEosined D3 (glycine), an(? % (threonine); hard
mdor%%ﬁ@% GAPSHAAT FAGAGT mmsma(csm sbtmdmbed

shove, SR ET OV ERORBOIE O 30 5 DL LOr LRt ¢ Vgt MBdomizatin

' schem@RRERBY bRk anTheolidofhifdofides uied @) Butedenies alaﬁd(i\?ﬁﬂi -Hé wetehe

cocoRARAE G aRr o LR O PRESREC B acepraccer

CAAGERBEQuh Ve 735)9@GCQ§GGWGG@IGGO@,TA@AT@5 6TCEHBAGNNSGGT567

e BRI S gl e s v
ATCSE TGRS SETACH G TATHCECATARICTSANG G (EQ IDNQ:SR)-
nﬁ% eal ' }elﬁg%'ﬂb 3“)3@% g}ch[%@'@fm%?e hiREnBEE WPV R I RYAs

the tinme occupied by
mutag@md mifemtchi@y totﬂtmodaﬁm@ms padeis HVBoH2 3phe figk@u2.16 library, using the

same s%g g&'ﬂ%ﬁﬁt ﬁlﬁgﬁ%nha@n}ndg Hd AW MG BaoBHE Bllg%ﬁlﬁcﬁeoudes HVR H3

was | ncl uded at aﬁgartlcu ar base,
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mutegpcedigpruclPgidedf the tine at that position, while the

bASESHIYARD 16 1ibeKt BFROS) anar}ﬁm hy meﬁﬁnﬁ/hﬁjeﬁlzﬁﬁ GHVR-HI was

resent 10% of the time. Sim]arl
motag el g ica N A Borons s DL in sl gy orery, using th
same sﬁcﬁ%ﬁﬁom MR Boruble 8746 BndCAStEgen® aﬁibnﬁéledthe BYRET3 was

ree 35 bases was_present 0 %
s R B P AT SR BV i RG] 91 S st i
Exampli))286:6/1e203 8 465614 452086006 AllgbbudiddRid-hd wass six mutagenic
GC&GCTTCTGGO TCAACNTC556577668788ATSCACT GGEGTGCGT CAGG -
ofigonpaledlssp N 785) . HVR-H2 was also nodified to
| MEkdeiRsifreadtinps fooeoh of the thive apinlbealeritedribtasiceert histompe! into

eiectros%/lp]éeéqqnﬁé g]g%ﬁglléiy Lft L Zln%g ng g%reggrlil{é%%ﬂag&wer for 30 minutes at 37

°C withhdigoeiLie Seqtmed@mi. rvaednty Ima@hgrsmgle cell-containing SOC medium was
t%I;I %?e‘?ﬁ%@%% (raRrtePio 500 mI
resew%gmne I3 E%}Aﬁgﬁ@ggém c_oligonucleotides wer e
2YT chuminipgeanhenitifioas! 161° Ml 3Ki07 Stipa obdge per millijtrand Ber 43 minwite
TREEh dnfl wiERhs RAHYEDFE overnight
“muw% %Qz @“ﬁh Sg?é %%gﬁgw%ﬁﬂﬁaangbn1ze f§§33|nege
reS|due at elther -of positions 50 and 54 using the
NNS nmi xed codon set (descri®®ed above): fixed residues
at positions 51 (isoleucine), 52a (proline), 53
(tyrosing),_SS_(glyc[ne) and 57 10(threon|ne) and
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ol i gonucl eoti de and sane six nutagenic
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each of the three apu2.16-derived libraries were
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electroporation1cells were allowed to recover for 30

Jm nut es . digmppINent,
R B e S
harves@6 nmﬁ@nmﬂiatwﬁcuheﬁie broiirhy cpmﬁrs@nmend TG precipitpfion. adhsed n
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€N alnlng carbenicillin and 1010 M 3KO07 hel

pﬁl@gbrep'émdﬂsﬂetalhbn Hlernties Afetcapclymried sqpprady P38
polyubgqéuu% Wb EAg! Lﬁe{xg&p pial&,@ Obf]ﬁ tﬁa&%@&nﬁédﬁ%v%@ﬁiﬁﬁle\/\](hﬁ
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sep. 0 plied BTty AR ECKB P E SIS ey Subsequent selecton
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enri chnent was observed for the conmbined libraries

bﬁﬁ&%ﬁ@fbuﬁpéf%lal@%&ﬁ@@na_ &) Qurdds ofl:] sﬁmn&dﬂ)irﬁﬂgpin?bidl_lz@ chadsdelected
enrichnent was obtal ne r the secon oL u .
from the hifd FeBFTOP NFCFPVE B (%%@fe o it spored i et 3R as escribed
above RESEhpie 2f QT vb dnie@dnat werd 1d@sﬂfu’ﬁedl99 begudmicippi OF those clones,

v St BB SRLY SRbP i sgoe

ELISAMMay Liirany). Thxeawslveivare designated apu3.01-3.12, and their HVR-HI1, HVR-H2,
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Enrichment Library size Enrichnment Library size

Enri chment 16-1 1.06e+06 ND 1. 04e+05 6.5 1.00e+05 10

16-2 5.98e+05 ND° 16-3 1. 76e+05 ND 15

After one round.of plate sorting and two ro n
wOo00HdB#h sorting, individual clones select eg' &&&%Oﬁ!{glls

third generation were grown in a 96-well format and

and IVIERE S oA &%Jaﬁ%ig@'els SH 354 58S ok B cRROM BRIt BT 63-
. S rﬁyp unique clones were 1dentifi
ke e AGREORon oSS T GRBSICS. REITFSREHGH Ot Byl L2

. were e)%%ﬁ% tg %E mgﬁ'gilff %hﬁ)g tﬁéﬁe’fdﬂﬁ s‘é!ﬂeﬁcef W eﬁ@&edl ion#lcal to that for

fquitinint esphz%%e
apu2.16. The HVR-L1 sequence was RASQS SAVA (SEQ ID NO: 79) and the HVR-L2 sequence

was SASSLYS (SEQ ID NO: 80), according to the library design. All clones had the same heavy
chain and iight chain framework sequences (see Figure 6).

Apu2.07 (see Example 2 and Figures 16A and 16B)) and apu3.07 (sec above and Figures 23A
and 23B) were expressed in cither CHO or 293 cells as human IgGs. Expression constructs were '
made by Kunkel mutagenesis of appropriate pRK mammalian expression vectors encoding the heavy
and light chains of human IgG (Gorman et al.; DNA Prot. Eng, Tech. 2:3-10(1990)). IgGs were
purified by affinity chromatography using standard methodologies. '

The ability of each IgG to sp ecifically bind to polyubiquitin of the appropriate linkage
immobilized to a nitrocellulose membrane was assessed by Western blot. K43- or Ké3-linked
polyubiquitins and monoubiguitin (Boston Biochem) were run 4-20% Tris- glycine polyacrylamide
gels (Invifrogen)‘. The contents of thé gels were transferred to nitrocellalose by electroblotting. Non-
specific binding sites on the nitroceliulose membrane were blocked for 1 hour in5% non-fat skim
milk powder dissolved in Tris-buffered safine containing 0.1% Tween-20 (TBST). The K48-specific
or K63-specific antibodies were then added to the blot at 2 concentration of 2 pg/mL (apu 2.07 12(3)
or 1 pg/mL (apu3.07 1gG) and incubafed for one hour to allow binding to occur. As a positive
control, one blot was incubated with rabbit anti-ubiquitin antibodies (Sigma). Blois were washed in
TBST and bound antibodies detected by peroxidase-conjugated goat anti-human Ig Fe (ICN) or
peroxidase-conjugated anti-rabbit Ig (Amersham) diluted 1:10,000 in TBST containing 5% non-fat

milk powder. After one hour, blots were washed in TBST and developed ﬁsing Super Signal West

~ Dura reagent (Piefée) to reveal peroxidase activity. The results are shown in Figures 24A-24D.

As expected, the apu2.07 IgG specifically rf,fcognizcd jmmobilized K48-linked tetranbiquitin
and K48-linked tri- to heptaubiquitin (Figure 24A), but did not bind to any of the immobilized K63-
linked polyubiquitin satﬁples. Similarly, the apu3.07 TgG specifically recognized immobilized K63-
linked tetraubiquitin and K63-linked tri- to heptaubiquitin (Figure 24B), but did not bind to any of the
immobilized K48-linked polyubiquitin samples. Neither IgG bound to immobilized monoubiquitin.
To assess the sensitivity of each IgG, additional western blot analysis was performed with varied
concentrations of immobilized K48-linked and K63-linked tetraubiquitin (25-1000 ng/lane) (Figures
24C and 24D). Apu2.07 IgG detected as l‘ittler as 50 ng immob‘»illized K48-linked tetraubiquitin, and
again did not specifically bind to immobilized K 63-linked tetraubiquitin (Figure 24C). Apu3.07 1eG
detected as little as 50 ng immobilized K63-linked tetraubiquitin, and again did not specifically bind
to immobilized K48-linked tetraubiquitin (Figure 24D). In both cases, increased amounts of

immobilized tetraubiquitin resutted in increased observed binding.
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A 21 Asp L 50 Ser A 55 Thr L 51 Ala A 56 Leu L 52 Ser

A 57 Ser L 53 Ser A58 Asp L 66 Arg A 60 Asn L 98 Phe

A6l 1lle A62 An H30 Lys H31 Thr B8 Leu H 32

Gy B9 Thr H33 Leu B 34 Gdu 11 50 Tyr B35 Ay Hb52
WEH7/BZB | le H 54 Tyr B 37 Pro H 55 Tyr PCT/US2006/062115

75 in the B chain. Interestingly, the antibody does not interact intimately with the K63-Gly 76 linkage
but instead derives specificity via interactions the surface of the di-ubiquitin complex adj oining the

linkage.
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B 39 Asp H99 u B 40 G n H 100 Tyr B 71 Leu H 101

Tyr B 72 Arg H 102 Arg B 73 Leu H 104 Tyr B 74 Arg H

105 Thr B 75 Ay As shown in Table F, and as

indicated in Figure 26B in dark grey, there were
‘esidues in the K63-diubiquitin A chain and

thirteen residues | 63-di u ui.tin B chai

Aot ES et O BA T R NER R a e bane

lmkage Witidn iR anhds Bessmoi spectidalie bind aaéndncﬂﬁolyu’&djuttﬁtceﬂpms’hg a second

wsine ing g5 B G ol Pleandl ﬁ%fs O S A BT "

> %%&fb%ﬁ%eﬁ%%‘é?“ﬂ&eem&h SoL 9GRS D By A

polyubiq@tis dypinsri 1tHmiked m&y@lqurt@sfwdae%’? llﬁiﬂ@é p@rlywteqmw Ivaine 2%- heked

polyublqulﬁﬁ Qfsﬁfétfi q{ﬁkgﬁﬁo%%ﬂluﬁﬂelygﬁé\@ﬁtﬁﬁnk% Aykbiqigd or lysine 63-linked
biquitin incl'ude Gu-18, Ser-2 Leu-57, and

PO@“WQ%E% 58 in the A chain and Pro-37, ﬁwg 74, and Qy-
T eaiedt o r?galgﬁP%ﬁ%ggﬁe%ggﬁaﬁegﬁeﬁwﬁgrl%‘?@ A
158 PR ey whn SRR oY el B Bl ey ”aetgiagf
Th fyfipas b i) PrGOTBl B AR el rT g |V ’

| i 1 SHYC: 1 el
Tﬁé%ﬁ%@uﬁﬁ nger th 5P@hY hﬂ%éoh@gs]%mam 0 GsReliblifked! YSi ne

age, ei n the antibody does not” specifically
: Aallgbqiatéﬂ 28 tha@%dﬂ@al@muﬁdsm)oﬁmmgﬂpeiyﬁ&qﬁnﬁe&ﬁﬂﬂm a first lysine

si ne Ilnka e,. and wherein the first |
linkage ang g PPBRYIHE CTRBING 335N fl bysine iRkag "yhe?m ﬂi*ﬁléfst iysine
linkage d}ﬁBislfibﬁﬂ&ie §8°001Q1 l§l$1ﬂ6 llnkagbh eherein thé'lﬁltl&ﬁtiyldbéniy)t specifically bind
monoubqug;glc | Ig.\ﬁq% gla%s ?J%Cl I pol?yuls)i:anlgx 4 .h;th l“sltllt%({aﬂﬁally reduced
binding affipity eﬂmoquomted i the Yisiling aff@ity bfike dnt;bocﬂ}yﬁqbthq first patyubliquginne
33-linked pol yubiquitin, l'ysine 48-1inked
8. Apdfolatadiagtibady ghat @mcnﬁy@liyr’mn% siterfiéd ik gshitolsubidgifng whercigthe

antibody cﬂaen@%écmglyy #hd sbAduBghitimvher ei n the first
pol yubl quitin is lysine-48-1inked. 104. The antlbody

o, TRS an‘ﬁb&iyrﬂfalauﬂ\@ EdofipHsih &t 1ELCaHa thy Pyl IV R) Rquelce selected from

o, (B8 AR ESE VR dhanlaf s ROSVS, A Bl g, 392

459, and 695-704eSEANID EOd}Q']’Eﬁﬂ t17a10m 28 1-2Mbe4@i5281d4nd 78@ENEEQ ID NOs: 53- -
77, 20320 byfj?f lq%(} 59’:} ﬂl)fs’ib@'eané %Eb’ 11/996: 313-327 and 728- 737, respectively.

10. The antibody of claim 8, comprising at least one sequence selected from HVR-H1, HVR-H2,

V8]

s

bdl

&

|

HVR-H3, wherein HVR-HI comprises the amino acid sequence abe d e £ g h ij (SEQ ID NO: 825),
wherein amino acid a is glycine; amino acid b is phenylalanine; amino acid ¢ is asparagine; amino
acid d is selected from valine, phenylalanine, leucine, and isoleucine; amino acid e is selected from
serine and tyrosine; amino acid f is tyrosine; amino acid g is selected from serine and tyrosine; amino
acid h is selected from serine and tyrosine; amino acid i is selected from isoleucine and methionine;
and amino acid j is histidine; wherein HVR-H2 comprises the amino acid sequenceklmnopqgrst

uvwxyza’ (SEQ ID NO: 826), wherein amino acid k is serine; amino acid 1 is isoleucine; amino
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"HVR- IdehesensHVB&ile@rrmr@?ﬁ thearpine acipraRsNCat BA|

7. An isolated antibody that specifically binds both
a first polyubiquitin conprising a first |ysine
| i nkage and a second pol yubiquitin conprising a
second | ysine |linkage, wherein the first lysine
acid m is5SbdtEHRGEseeihd L tgrof:»lh@ Mhlid¥acReco Mkc{eﬁﬂoﬁﬁprblhﬂ&lﬁa@ €erine; amino

wherein the anti does nqt .speci fical
acid o is PEREEHTYA 419, 1S SO RGP AR %ﬁfﬁe% sl Pgine amino -
acidr is ﬁ&@t@&lﬁ‘orﬂ Sdrind bnd:]ﬂytdsinﬁ amitdacid sig lﬂstcanim &ahhqamdadm exdatted from
serine ang%yr?sﬁlggagﬁﬁ %cgci dl§/}§ft¥)r051{xfhe ?1%%9 d V Qs %Igne eb 'augﬁjmt qu@sflfs Eﬂ)a@% acid;
amino achlx ik sapingtaedhosaatdi )bl@dyllrtekmtunggxgd;z fsﬂx,smel aynderdJsacld a’ is glycine; and
I *a i
wherein Ig‘y Rl }ﬁecoﬁlgn F?E g}léf%ﬁgrﬂio;%c}ﬁ%h& iR P ereh e ihey g%l%_xkéﬁxda& no
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HV an HV 0
phenylalapngegnd s kamisic: spaios7d © a9 SigoEgetine oEp '
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o e iy o R g 4552l 003 3
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€ sleeplifdadd 2 B pEMRdthine VR t;
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amino acigdsyisepragticacld; andmang ggid ISGEE@]? D NO 825), wherein

11. Tﬂ@bxﬁfﬁoaﬁdf‘élaﬁn B Scotp¥iSih D & leBNbiR Qeiendd s€ledtdd from HVR-HI, HVR H2,
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amino amh ¥’Sils Qe?ecteﬁ RmAEHAD tﬁ'&éu% rainfir®, ﬁﬂeﬁﬁhlﬂﬁne ﬁlﬁkﬂhl%ﬁfeezgﬂno acid g is

onpri ses t'he am no aci d sequence

 selected ﬁfo'm gjutarhlc apid, geringe’ leucine, phamddfnine Felhipning aépaé'agiqesand valine; amino

acid b’ is §e@éc€eﬁtfﬁ:‘>g1 09k %E@Hfb Canﬂﬁd shid SRE4AEd by Féhcﬁﬁ‘ca mBfRbnine,

tyrosine; amno acid is selected from gl ycine,
phenylalanipe,@ad ivelcucins; dpiao agif g’ Iagq@awa@wﬁeand amm@m&gﬂ i tyyosife
sel ected fromtyrosine, serial; |ysine,
12. Thvatipods) of plaines. camgrignge HYiRcL 3 sqanerce sAmpisiag thy aging agid

sequence ﬁzeh%} Legh F QM SerReEQ Y NEP I306), widr¥if bfiBro 281Gk’ is glutamine;
try tophan amno acid f' is selected from

amino acl@hulﬁa e epingge; isselertadfiomAering|agd YRS I0e i IpAciER ds

selected ﬁ%m éeﬁnesa%l:l %%s‘?& Bﬁl% agﬂdXIC isNBlectS@rbh @erm% ¥hPSdRe; amino acid r is
hioni neg, and alanine: amno acid h' is sel ect ed

fron1egC|ne al ani ne, proline, and isol eucine; am no

acid i'is selected from pheayl al ani ne, i sol euci ne,
nmet hi oni ne, al anine, and | eucine, or is not present;
amno acid j' is phenylalqglne or is not present;
amno acid k' is aspartlc acid; and amino acid |' is

tyrosine. 1511. The anti body of claim 8, conprising
at | east one sequence selected from HVR-Hl, HVR-112,
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selected fromserine and tyrosine; amno acid s' is
sel ected fromserine and tyrosine; amno acid t' is
sel ected fromleucine, serine, proline, and tyr osi ne;
amno acid u' is proline or is pot present; amn

selected fzemm gpripe apdyEsingATHRP FHOTISTRIEFST SR HTRHE 20 Wispiai s acid ¢ is

selected ﬁ‘(ﬁﬁ leﬂﬁne abshe }%Hl%enﬁrd ghaGinhe a&ﬁ'ud1s‘ﬂrohh§oxtlbﬁtﬁ@l‘ﬁsé}§ amino
. The anti body of claim8, conprising a HVR-L
acid v’ 1S§eqq§@dmn esmpelaainpgsalaienanring. etdulaweesae&&eweé%fw dipgeonine.
I D NO- 728. 14. The_anti body of clajm 10,
13. The ApbaY pilai, comprisipra Y R-5 spanRiee remnsistyg dis@adno acid

Sequenceq)@gg spNsli-ng to those set forth for clones apu0l,

apu02, apu03, apu04, apu05, apu06, apuO7, apu08,
14, "I"ﬁQ &Q%Odf@f‘{:llaug 10 3&H‘Jpr1§-1ng avela;, I—ﬁmiﬂi@,, and POVRLH3 @é’dqu&ﬁbﬂ S

FI gures 10A The antib
corresporginitnd 3e LT .fqrequ@s em% mu@wm%m@ﬂ“ﬁa 3 SN0, apuds,
09, WENG CsHulDGeE e sROND: Bsh1b & EiB@sEL103edndfiot h for
3pu09, agBie] il L ) ozglglapuz1 3, apu2.04, apu2. 05,

15. T@Q&&%bQ@y @%&3 1@7001'[% AYR-BREROA?, /8 FAPUE3 IQuimes
Figure A 1 eatlbody of claim 12,

correspondingie ThQ‘Ff’n?@t farth fayrlones g0k ARE - B TPUEEP1 3P RS: 273,05 4pu2.06,

apu2.07, SMR0B.Zpi 2 6P 55R2b imEQut PsNO. 80, and an HVR- L3
sequence corresponding to the HVR L3 sequence set

16. TBQﬁﬂtiBoép&f c@Auﬁ ﬁ@scoégﬁmg afVRA,1 BRieAR of 8BOIB NBTIQH HVR-L2

1 [
sequence GBI BBt Fs ang s BY RSy FAUDE G BoP0ERg o the MY Fpggsence se

Y, Bho<h o abdo4, I ipSié)epdn, 0%, kju0S apUEN Gl 1,
fonhfor%k%;w 39 @j az]apﬁ I—I\gﬁﬁzi}gequgnceﬁ}){f SI;]EJQ%% NOIﬁl

apul2, apgid, apiid %r@PIFfﬁvaFEﬁBfes]é)&uence corresponding to the
- HVR-L3 sequence set forth for clones
17. Thyarsibod, oralaum | dzomaptiog Sy Bk 2o @8nceah SbOIB NG g ahIR12
sequence @pSl?%ﬁlsNOa BY 2n88n I—IQ"R BP4bduchBe tdirekpoldih €0 RTVRAB8equbhe set
ntibody of claim nprising_an Fl VR- Hl seq &RI@)"
forth for eI e85 G0V G SHAGHRA B QD5 RIS, D12 QECIPH 2.9, o

apu2.10 i BRured8BHVR- H3 sequence of SEQ ID NO 301, an HVR- L1
sequence of SEQ ID NO 79, an HVR- L2 sequence of SEQ

18. ThO:Ebdy 8T 18R, @)ﬂlpHMBU hBHYRIIEAGEen0E ofFEQ ITNOQR603 M VR-I2

PR i AN EETR, T

SEQ ID 1\@5@9 | 2 NER -1 8 Léquendt JI¥BOHD 1eq0eREen CFVRSE S dqlnbeh SEZBID NO:
HVR- L1 sequence of SEQ ID NO 79, an HVR- L2

317. sequence of SEQ ID NO 80, and an HVR-L3 sequence of

QID NO 734. 20. An_ispol ated
19. T&ep@eb?dwc ajm B; GoErigige P@@Vﬁe%eqmﬂﬁ%@%ﬁ%& @3' 9 IﬂVR 2
sequence YSHE@ITINDI @1 204 HVEAM3 dR@encBof SE@HBN@ GZB lau)’Hb’!Rl:Idl deQuence of
nonoubi qui tin. 3021. The anti bod

I m
SEQ TD Nebrifr i iy LRrsequeeetor S TR o an Y e i QD NO:
734. . selected from HVR-Hl, HVR-H2, HVR-H3, and Fl VR-L3 of
any of SEQ ID NOs: 81-89, . 229- 239, 329-336, 599- 629,
20, AK %%Ta?éﬂl%nn% tgag%ez@igailystﬁﬁs kcﬂy&@-&: -Bilice8 Polydikduitd@ biherein the
45, 631-661, 750-759, and 801- 811: SEQ I D NOs:
antibody @e&n%eew%@ bigdto moppubiguiting53. 693 761- 770, and

13-823; and SEQ I D_NGs: 356-363 and .77
21. Thf‘e?élﬁ edviaf sl ajm 20, compysjng A IESTONE SH??B‘S?%WC éf‘g[%ﬁf"ﬂ’ﬁm selected
from HVI&HMVRLHDQPWR H@aa‘hﬂ }DJF&LS QQWSEQ@Mﬂi for mIm-239, 329-336,

50029, HNE iR g B 2o S Wk S Zhef Rty QTG 958 15 01
811; SEQ3BNOs: YWie1(®i 1532083004 ariadeas-49s, E}ﬂlyﬁ()%d sammmﬁcsmumms
henyl al ani ne; am no acid c is asparagi ne; am no

356-363 aa‘é?% -l wseeetiedt-ed from valine, isoleucine, and '

phenyl al ani ne; amno acid e is selected fromserine

and 5tyrosine; amno acid f is selected from serine

and tyrosine; amno acid 3i s selected fromserine

and tyrosine; amno acid is selected from serine

and tyrosine; amino acid i is selected from

| sol eu0| ne and met bi onine; and amino acid j is
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23. The anti body of claim. 20, conprising at |east one
sequence sel ected from HVR-Hl, HVR-H2, HVR- H3,
mhereln HVR-HL conprises the anmino acid sequence a b
def I D NO. 83 35wher ei n_am
C 22, @F J)fa?ﬁﬂ a@mnﬁmg %t:i%lﬁt Oﬁly Feqiu%nce ﬁeéect éi%orz]ngﬁggﬁ? IH%/R H2,

HVR-H3i ﬁhe@ﬁﬁ)w{ﬂ&m}ﬂ&bﬁm afin add juaet ebted ffglolm(SEQ 1D NO: 831),
i sol euci ne vaI [ ne, a am.no

d. | ne;
wherein PR GRS EREHFSERTHEN | YIS Ao YAy R peBinsiampe

acid d is {eldced H8MEGLRLisblcOdThe; Bifd plhenyldliny‘l{bt apia ﬁcld g ligseletred fram derlne and
threonine; amn

s sel ected f
rosines bR} Mgyt SIFPRG STLPH § § QBT Byerie and
tyrosine; fuﬁﬁﬁmafnh{ l[leSsleI&@ted 90l st AR tyrds@idCariiGe adidh gls fselected from isoleucine
phenyl al ani ne; am_no. aci cte
and methjog e PHEC A FVHICBR ‘H&re‘%ﬁg(“;% ChRLiSphy arpigo acid sequence k
Imnoplrsthdivieyz H\*[SEQ' ID Nech: \ﬁimh&@ﬂﬁBﬁm&%ldﬁw s@ldttdddroacdetine and

sequence, k r
trosine: gy SOH e eHO RO S GO AP Aine i Wi i acd i
selected o S8R A Gernk OThihy kS b ReleBEMyth &drRBI hﬁtﬁtyroaﬁﬁaﬁﬂlmd:amd pis

aci d, hlstldlne and al ani ne; .am no .
solected FagpfeBH MY OHRT BHERH ©H° PLecledTigt e ?fgr%:'n YU g acid ris
selected ﬁﬁ&hﬂ@md&ﬁ@s@é WD R s i@tedBind GimnCackdX iPseiticied ﬁ"pm serine and
am no aci-d IS tyrosi no acid. LS sel ecte

tyrosine; pIRIGAPYIGH A5 %@sm? ﬁ%’%ﬂ e v laﬁ@mﬁﬁélﬁg}froaﬁc Y ResPagif K ‘38 pgacidx

is serine; hmin® 288 k@ $aBhk; b a%ﬁle i @sﬁ&d}n@ bMﬁllo Reid aamg@@ma;cund wherein
is selected fron1ser|ne tbrp ?nd try@tqpha M
HVR-H3 gompisesias #mino peidserughssibng, 4 ¢ K eétfell V-

 wherein anfilBcREY i\@lecidd B@ﬁlasgﬂlﬁheglu!ahﬁ&i aﬁiﬂ, I@&de laﬁ@ﬁﬁiﬂ@hﬁlﬁ arnmo acid ¢’ is

amno acid v is r05|ne am no acid m1|s

selected fam gyeinge Paoske; @015% glpiamige; 4 sgifendnige peid ' 23R som

tyrosine, 1%@1‘[110%6 AR CarG deudink Sania dc[lﬁa’ 1@&&]@&@(1 ﬂﬁﬂn(ﬂyrasmd 8rginine,
l'ysine; and anino acid b js

‘ ¥p d wherein
phenylalapym teygiopkipptlinies abhRrolis HBnaaTd T g Fr‘grél’ op lyigsing, trygfophan,

serine, anfl glybme Kimitl aclll g’ Qs sef cDle@frbh gﬂ‘ﬁmﬁs Emsﬂi‘eh @é’rﬁlle,rphaﬁ};llaﬂﬂlme and

acid c' is serine; amng acjd j nin

valine; arglg 51" i SIHeg £ BV, Qoo tperie PE DR BEEY e amino acid
’is selectdrdtR A6k, HanihsS nWthihih NButarkRABIdN R0l ﬁ]dherlﬂeSammo acid j’ is

arginine, amino acid.i' i1s tryptophan,
selected 11081 QPG 01K &TAYP AN A4nie, HPBGATRE. IS Tt Gpiophan,

tyrosine, élyéu% A PRbLEG a0 R 1BEhresehit, athBio G0N’ Gyéélldd&d B thosiag; kétine,
i § aspartic acid; and amino aC|d€§ %Q r osi ne.
Seteg

phenylalapige. i Y REPRNED SRS RoF PISFSR: 4RSS, ek gt ¢ sipey aspartic

acid, and &@ﬂy%%%o‘éﬁ@eht ainiid bhae ante@edsof tﬁ@éiﬂé&ﬁ@ @lal\ﬂne X isyiot
ABCDE wherein amno acid w

is gl
presents s FiReed ﬁmgmer?camen%emwamen@yg@? gy Taee, or i nol

present; aﬁlﬁ“ oeclgfdef)d isf SR B B b By cBHR CashatiO£did) srindThéiRioFiee, (inthyrdsﬁle or is
ected from seriné and tyr05|ne am no Cld

ot presergcannieq &t 4 ipTS e AR SR Slotpigsepg amino acid

t° is selecR@ lﬁ%ﬁltt%ﬂgé QUNeHEl dnA@1yR1E, dr Y9 8 pa&uint; ARG H gfycind or is not
selected fromproline, swne and | euci ne; am no ac

present; apyiriogoidd] is gelestpdrFommsibianig, andledsins, 87 1S AACPTEHto @mﬂgw%\l is

aspartic abid; @ EmRLGSANE is ti¥kiAQ acid E is selected from | eucine
and phenyl al anine, or is not present; amino acid F is

23. Tﬁ@ilﬁ%ci%ﬁbffcraﬁﬂw herytiahaailfg, on¥ sduake sél&ﬂ‘r@CﬁUrrnHVR&mﬂ HVR-H2,
i sol euci ne; and am no 25aciid Gis selecte

HVR-H3,hgrern MER-H H4ogunharche 2iao pHAMAPEIaRP A e ¢ 5850 p0: 833)
wherein aﬁﬁﬂo‘ LAY gzmﬁé A ARid $R PRy RldAghe fankiyiadiBc BAEHAGRER; amino

onprising the anmino acid sequence

acid d is s@e@d{ﬁ'@z Solguaine vpline, qnd(lgEee] FRIRPRCIG G g)selected from %me -Il-hSénG and
anti body of claim22, conprising H/R-HlL, HVR-H2, and '
HVR- H3 sequences corresponding to those set forth for
cl ones apul7, apul8,. apul9, apu20, apu2l, apu22,
apu23, and 30apu24 in Figyses 11A and 11B. 27.
The anti body of claim 23, conprising H/R-H , HVR H2,
and HVR- H3 sequences corresponding to those set forth
for clones apu2.11, apu2.12, apu2.13, apu2. 14,
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HVR- H3, wherein HVR-Hl conprises the amno acid

sequence a b cdefgh ij (SEQ ID NO 835), wherein

amno acid a is glycine; amno acid b is

phenyl al ani ne; ‘am no acid c is aspar agl ne; amino aci.d
valine; arginp g0id bis edleatad TrororAring SEWENReSlySas Mhreg e PRICiAHE & is

selected @Hl Ekgm@%lsp%ra?m'e Sard %:ly%ﬁltee:gmﬁncg 248 1 ¥3é18gdaREn RRsHe R1ARINe,

am no acl I's sel'ected fromthreonine, nethionine,
leucine, aaé pmnalgiamee aingi avicids selastgd ifrewlienlrapine andmelipias: 484 ynigo acid j
is histidin wﬁe%n? &Qﬁ%r&@’iﬁé Do LYk BRuerRDE 1 RhENY L RL B B8y z 2> b’
aci I's sel ected fromtyrosine, isoleucine,
(SEQID N@u 634aswhemuarpm asifl Klisertanine; aminp Add his peleqted feoms @rasiee d
0 bacili 9 i
phenylalaﬁ[ng 'Qs%a?‘t% ACHE \Akggcgﬁé% QHI_({“}H%IHIIIG %{6%% ??Igglgs ?mee&g{fﬁ%gg acill is
selected fgmqmn@,giakmp, Enl g]uggu@p, ﬂmglp@gmygprghnebamxpgg@ P B tNiCpine; amino
acid q is s%?é@%ed frm%uging 1H9 aﬂ&}éﬁje n#ﬁa]'aﬁn@'aﬁ’lﬂiorﬁ%d r U RBe @bl sélrme and
rosine; ‘a I's Isoleucine;- amno acid n
glycine; aurgncsaeichsos eeéieCferIOﬁrWS@rmﬂ dhredngng| exsléﬁynfeyhaan%mtl% picbiip theeonine,
amino acﬁ%qmeﬁe%teﬁ?ogl Qi a;ffy[él% i q%{suf%r@ﬂa‘?so%hge Rudisd de)ivas byiGine;
acl I's $ rom | euci ne,” tyrosine,
amino acidspa atanme,amnd) acgbx is rarspartemldldt amyipe phnis sernt Honagid s valine;
amino amd% 21 n%,%le NS, a&rﬂona%uﬂ? | éj%? nlles mﬁ%&%@ﬁkam&ﬁd@smo acid
5eri ne, aspara arginine, and tyrosine,
sequence ahd’r@bf’géh’di’ P K E oy eo@EﬁaelD N $96), abprginamiing asis  fstsexne; amino
acid d’ is ar:%?}lql}ea 518 e @gﬁ%ﬁgbﬁg ’am‘ﬁ]%l a!cf(ﬁ“ 15 E}nﬁs%%nbrﬂﬁo a§@ é" 1@%’1‘051116
e ani n acid v'is tyrosine; amno acid w I's
amino acﬂlhamar@mnaamnm agidiiths wybtoptmsyrarring a5idit Isdyrosind: Agingepid ky/is
S .seli. Q i 2 di hd -
threomne,l EIS‘}HIHCI}_] aC’le FI'S 8%1;]}[%19’ nagﬁlgdcigi &; % é ls\é%lﬂillgf w%%%g]ggl 1s%§ﬂagcfc%m
amino amHMRl-sIfBOmIHTprI ses the amno acid sequence c' d e F
g h j'" k' m n o (SEQID NO 837), V\hereln am no
24. Theamibody dfslage 0, memprsihaoHNB b sgquenes comgriping e amipp geid
sequence %C xd % ABSC% ]%I%%Env&le%ﬁ{ 2911111@5@1(99 @%iugm{me! §m¥1ﬁ5 faOd 'xn§ glutamme,
rosine; amno acid h" i s arginine;
amino amdlyi rs(selac(tq:ddﬁ'qm squsle m@/tptquh,aqmmmdyo 1sa;@ie@teﬁl frotp gerine and tyrosme
amino amd¥\ ig%l&%d f?orﬂ'l Jé‘r"mé‘&:{ smé %mtnrbra%f?lrﬂ Q€1 fifn &Fihdard t&r%sme
ine, am no I'S 1soleucine; amno acid n'
amino acud§ msqb@teﬂlfcmmmhine saile Barhlieyrineaghigo eeid Pgs selqetsd figm serine,
f e nd MBphithylal
ot gt ARt bl COMASE M o
not presergpamifoaddF fsoelegbdfres phpuBlaine, whns thigeningped iQBucine; and amino

acid G is seﬁ)ec d%éin a?%@%%?o@ﬁé’l gncglﬁm %%]Aeoandaggg 08, aggs _?_ﬁe
25. Tﬁ t lt %0 of % am"f’ Q(Pjgzﬁfrlgﬁixﬁé @g%i ]f’:’rse eﬁ"l:emo%%nmﬁé)fﬁp 51'n§1|0 A&d

sequenceQe(q-lYeﬁ{SeY@fS EEQ"KS:EQ\I@NQIDW%M an HVR-L3 sequence
corresponding to the HVR-L3 sequence of SEQ | D NO
26. TRgatibody of 8Bim T eomptisinddy R, EIVE-H2.20d H pagPegesan

R T T e T

apu24 in Hig@es bk 4RIB|l sequence of SEQ ID NO 79, an HVR-L2

sequence of SEQ ID NO 80, and an HVR-L3 sequence of
27. T@E@ub@iyp@clamnumpnsmgaﬁvmfﬁle Hark- H%@@Q/ HYR-BP sransmees

o BYBEO L0, e SRV LRI o2 g0

apu2.17, aphi2. SE@pI NS 1320 anFiEvRITA- sequence of SEQ I D NO
79, an HVR-L2 sequence of SEQ ID NO 80, and an
HVR- L3 sequence of SEQ ID NO 777. 2038. An isol ated
anti body that binds to the sane antigeni c determ nant
on pol yubiquitin as the anti body of any of clains 1
to 37, wherein the anti body does not specifically
bi nd to nonoubi qui tin. 39. The anti body of any of
clains 1 to 37, wherein tﬂg anti body specifically
bi nds to a pol yubi qui ti nated protein. 40. The
anti body of claim 39, wherein the antibody inhibits
degradation of the 25pol yubi quitinated protein.
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47. A cell line capable of producing the antibody of
any of clainms 1 to 37.: 48. A net hod of
producing the antibody of any of clainms 1 to 37,
conprising culturing a host cell 1Oconpr|5|

28. Tha entdbiogy efcilaimpd) wawrangatdyRrg eawne iS5 1%9&& an HVR-L2
sequence%@ BEHTH RS s¥nGLSh BriRles ?cﬂﬁér@@%ésﬁm%g M@ﬁVR—I@seq&nce set

nposi tion conprising an effective anount of the
forth for dmels by, vkl fapy 18 ap@lzg japrs 19 anud2. 3pulgngdagpu24 in Figure 1 1C
pharmaceutical ly acceptable carrier,
- 29. The piiadosf dlagie RE] doyipriging areH B Rdslessausnestof SERAIRING: L?9t WR L2
sequence%gs RONA! R Gk bh RRiEL: %ﬁ’éﬂ%b &&e@poﬂdﬁ?%@HVR—L3 sequence set
rising contacting the sa at | east one
forth for ciones bpy@yl 1odpuny. app2. b1, apuPsl 41 anug- 1§=7aPU%Si6 apyel Togpugp8, apu2.19,

d apu28b £ E6L Y §7@mount of at |east one antibody of any of
and apy Pgﬁﬁﬁrl to 37 for the manufacture of a nedi canent

30. ﬁ@&l&bt;gy %%Es%ngﬁs@ggiﬁeﬁsm eauerﬁ@mistﬂqonm NO: 330, an HVR-H2
associ dt e mnth cl ysregul ati on of & gubqu|t|n in a _
sequence9fBEQ@ HP NO: 339, an HVR- -H3 seqppiee 9§ BEGHAD NO3 B EELHWWe]r gapence of

 SEQID 111(?@79%}1;@1% \/I\hzl sSqRnlBIERL BNOAd, %tan RAB&P3 séQﬂ@ncH SESIEh 1D NO:

in the patient is human. . The use
357. of claim51, wherein the dlsease is selected from
cancer, a mnmuscul ar di sorder,

31. Tﬂ)biqulbpd}i of sleith RBycopprigingan Ié‘éﬁéﬂ wqnetehdQ INO: 739, an HVR-H2
sequerice 8%@ gé N b?ﬁ"lﬂ%ﬁ!e 19 'sectﬂélg:g lof SBO T N9, @h PGRCE sequence of

use of claimb54, wherein the
SEQ ID N@:58aand Y B-1 2ebqustesc TEQHDAY S Onanidenn H R stsience of SEQ ID NO:
779, bl ast oma, sarcoma, |eukem a, muscul ar dystrophy,
~multiple sclerosis, anmyotrophic |lateral sclerosis,

327 Iﬁé’éﬁ;‘b&d el Aa]'%gﬁ'c% AﬂﬂﬁWRﬁiﬁ%Q@%%SE@ BA@: 740, an HVE-H2

;¥ elne di sease, Par ki nson's di sease,
sequence pf $5Q B> ¥0s &3 an P%erdH@a@@@ncg ofipBRH NO: 76% an KVifek hssauegpe of
SEQ ID I\Q‘ﬁtﬁr%ﬂ BV RY ot e{?&e‘%:"f%ﬁ@%%o%opaldw iUl 8 5u@ice of SEQ ID NO:
, pol'yubiquitinated protein in a sanple suspected of
773. contai ning a pol yubiquitin or polyubiquitinated
- Tgroteln conpri si ng exposing the sanple to at_| east

mantizedyi S staym 86, camprigng #|IptANe fequencs ?el%ﬁFdl fepmt BV Rt Ry R-H2,
HVR-H3 tvhl%rem BORY Q& B arhif@8did X8erd0BLidRADY 1 QSEQ ID NO: 835),

‘pol yubi quitin or polyubiquitinated protein in the

wherein agénfpsicisl a 1s icings arindyst o PREpHIAerENIBO RIS qEnTae g BRInO

acid d is s@fe&g@fr&n ELRMAORARR! Yk @itet ARiab 8d BYsQLBEEY frdétn Bysine and
‘sanpl e, conprisin contacting the sanple with at

methlomﬂeeva@tlo amdf igele r@ﬂﬂ%ﬂweolﬂetbloamﬁﬁspfr%g@e@?gmme and, ggoleucine;

amino am&‘]g F Abm! c%{emfa@ilng Ond Bﬁengléﬁﬁﬁlb ObhiR N is 3@ ¢ckedi fiovn
|qU| In in a sanple conpri Si % cont act.i ng

tyrosine, rmi@lcgmadpmc@wqdphawlad@ra@% a‘@h’@ agidti isselgted from ispleting %1

methionink! agld%1r%rbg1d§§ssﬁ§®lﬂbg wh%}@mm‘f-ﬂ c@lfn?%k fhe %ﬁl%tasﬁtsédﬁgnce klm

e sa . The 1solated antib
nopqr sctluanwm a’ W@E& 1P NQe834h tihistsinamipoerdd k &5 algpingsintiesid Iris
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sequence ¢’ d’ ¢’ £ g’ b’ i* "k’ I’ m’ n’ o’ (SEQ ID NO: 837), wherein amino acid ¢’ is serine; amino
acid d’ is arginine; amino acid e’ is glutamic acid; amino acid f is tyrosine; amino acid g’ is tyrosine;
amino acid h’ is arginine; amino acid i’ is tryptophan; amino acid j’ is tyrosine; amino acid k” is
threonine; amino acid I’is alanine; amino acid m” is isoleucine; amino acid n’ is aspartic acid; and
amino acid o’ is tyrosine. |

34. The antibody of claim 33, comprising HVR-H1, HVR-H2, and HVR-H3 sequences
corresponding to those set forth for clones apu3.01, apu3.02, apu3.03, apu3.04, apu3.05, apu3.06,
apu3.07, apu3.08, apu3.09, apu3.10, and 3.11 in Figures 23A and 23B.

35. The antibody of either claim 33 or claim 34, comprising an HVR-L1 sequence of SEQ ID
NO: 79, an HVR-L2 sequence of SEQ ID NO: 80, and an HVR-L3 sequence corresponding to the
HVR-L3 sequence of SEQ ID NO: 777.

36. The antibody of claim 20, comprising an HVR-H1 sequence of SEQ ID NO: 744, an HVR-

Hleequence of SEQ ID NO: 755, an HVR-H3 sequence of SEQ ID NO: 766, an HVR-L1 sequence of
SEQ ID NO: 79, an HVR-L2 sequence of SEQ ID NO: 80, and an HVR-L3 sequence of SEQ ID NO:

777.

37. The antibody of ¢laim 20, comprising an HVR-H1 sequence of SEQ ID NO: 795, an HVR-
H2 sequence of SEQ ID NO: 807, an HVR-H3 sequence of SEQ ID NO: 819, an HVR-L1 sequence of
SEQ ID NO: 79, an HVR-L2 sequence of SEQ ID NO: 80, and an HVR-L3 sequence of SEQ ID NO:
777. '

38. An isolated antibody that binds to the same antigenic determinant on polyubiquitin as the
antibody of any of claims 1 to 37, wherein the antibody does not specifically bind to monoubiquitin.

39.  The antibody of any of claims 1 to 37, wherein the antibody specifically binds to a
polyubiquitinated protein.

40. The antibody of claim 39, wherein the antibody inhibits degradation of the
polyubiquitinated protein.

41. The antibody of claim 39, wherein the antibody modulates at least one polyubiquitin-

mediated signaling pathway.
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42. The antibody of claim 39, wherein the antibody inhibits at least one polyubiquitin-mediated
signaling pathway.

43. The antibody of claim 39 wherein the antibody stimulates at least one polyubiquitin-mediated
signaling pathway.

44. A nucleic acid molecule encoding the antibody of any of claims 1 to 37.
45. A vector that coix\lprises the nucleic acid of claim 44.

46. A host cell comprising the vector of claim 45.

47. A cell line capable of producing the antibody of any of claims 1 to 37.

48. A method of producing the antibody of any of claims 1 to 37, comprising culturing a host cell
comprising a aucleic acid molecule encoding the antibody under conditions wherein the antibody is

produced.

49. A composition comprising an effective amount of the antibody of any of claims 1 to 37anda
pharmaceutically acceptable carrier. " '
-50. A method of identifying the presence of polyubiquitin or a polyubiquitinated protein in a sample,
comprising contacting the sample with at least one antibody of any of claims 1 to 37.

51. Use of an effective amount of at least one antibody of any of claims 1 to 37 for the manufacture of
a medicament for the treatment of a disease or condition associated with dysregulation of polyubiquitin
in a patient. . ‘

52. The use of claim 51, wherein the patient is 4 mammalian patient.

53. The use of claim 52, wherein the patient is humah.

54. The use of claim 51 wherein the discase is selected from cancer, a muscular disorder, a ubiquitin-

- pathway-related genetlc disorder, an immune/inflammatory disorder, and a neurological disorder.

55. The use of claim 54, wherein the disease is selected from carcinoma, lymphoma, blastoma,
sarcoma, leukemia, muscular dystrophy, multiple sclerosis, amyotrophic lateral sclerosis, cystic
fibrosis, Angelman’s syndrome, Liddle syndrome, Alzheimer’s disease, Parkinson’s disease, Pick’s
disease, ahd Paget’s disease. |

56. A method of determining the presence of a polyubiquitin or polyubiquitinated protein in a sample
suspected of containing a polyubiquitin or polyubiquitinated protein, comprising exposing the sample
to at least one antibody of any of claims 1 to 37 and determining the binding of the at least one

antibody to a polyubiquitin or polyubiquitinated protein in the sample.
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57. A method of separating polyubiquitinated protein from non-polyubiquitinated protein in a sample,

comprising contacting the sample with at least one antibody of any of claims 1 to 37.

- 58. A method of determining the function and/or activity of polyubiquitin in a sample comprising

contacting the sample with at least one antibody of any claims 1 to 37 and assessing the effect of said
contacting step on the sample.
59. The isolated antibody of claim 20, wherein the antibody binds to an epitope in the Iysine-63-linked

polyubiquitin.

~ 60. The isolated antibody of claim 59, wherein the epitope includes residues in both a first ubiquitin

subunit and a second ubiquitin subunit of the lysine-63-linked polyubiquitin.

61. The isolated antibody of claim 60, wherein the epitope includes at least one residue in a first
ubiquitin subunit selected from Glu-18, Pro-19, Ser-20, Asp-21, Thr-55, Leu~56, Ser-57, Asp-38, Asn-
60, Ile-61, and Gin-62. ' '
62. The isolated antibody of claim 60, wherein the epitope includes at least one residue in a second
ubiquitin subunit selected from Leu-8, Thr-9, Glu-34, Gly-35, Ile-36, Pro-37, Asp-39, Gln-40, Leu-71,
Arg-72, Leu-73, Arg-74, and Gly-75.

63. The isolated antibody of claim 60, wherein the epitope includes at least one residues in a first
ubiquitin subunit selected from Glu-18, Pro-19, Ser-20, Asp-21, Thr-335, Leu-56, Ser-57, Asp-58, Asn-
60, Tle-61, and Gln-62, and at least one residue in a second ubiquitin subunit selected from Leu-8, Thr-
9, Glu-34, Gly-33, Ile-36, Pro-37, Asp-39, GIn-40, Leu-71, Arg-72, Leu-73, Arg-74, and Gly-75.

64. An antigen-binding fra.gmént of the antibody of any of claims 1-37 or 59-63.

65. An isolated antibody that specifically binds to a first polyubiquitin Qomprising at least one
isopeptide bond to a first lysine residue at a first amino acid position of a ubiquitin molecule, wherein
the antibody does not specifically bind to a second polyubiquitin comprising at Jeast one iSopéptide

bond to a second lysine residue at a second amino acid position of a ubiquitin molecule, and wherein

the first and the second amino acid positions differ.
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