WD 03/ 048306 PCT/ US02/ 36856 PCOLYCI STRONI C EXPRESSI ON OF ANTI BODI ES RELATED
APPLI CATI ON [ 0001] This application relates to and clains priority to

provi si onal patent application 60/331,481 filed on Novenber 16, 2001, and
provi si onal application 60/400,687, filed on August 5, 2002, both

i ncor por at &b BY4g3ef erence in their entirety herein. Agdiriusemedstky, this
application clains priority to PCI/US02/ 02373 and PCTI US02/ 02374 both fil ed
January 29, 2002. FIELD OF THE | NVENTI ON [ 0002] The present invention
relates to a novel polycistronic expression sttem and net hods for

produci ng anti bodi ePPRYEFEROME EXFREFSHONIHANT IBQDPIESK pr essi on system Mre
specifically, the invention relates to a eukaryotic polycistronic
expression systemin which anti body heavy and |ight chain genes are
transcri be RELAGEDIARPI4GAEION onot er, and, preferably, the antibody heavy and

| i ght chai e re . A ! Lhosone entry

sites (I RE@@)?P Eﬂ%ﬁg&% Wﬁ%@%&ﬂpﬁt@%&s@gﬁ%@%&?or expr essi ng
genes of chpplicatiorn60/830481i filedhon Noedmizer|1652001t ahd grionigiopal applictionni ¢

expressi on r | | Hi.storicall ol yci.stroni c expression
vectors inéé@g@gé?'ififé’e%{’m%@ﬂs@%?om&{"ca@ﬂéatg'%@ﬁr@g%gxcedf'ttqeﬁre 5 end of a

t ranscri bednfiregiHereignAdditichallp,ehis @pplivaorEisilkR prigtyeo PETVUESTR02373Ve been

enpl oyed. Such vectors displ afy inefficient translation of the 3' selectable
gene, whi | @ PEF&IRG0%3/#poth fedJanuaryeS Re0%esi red gene sequence at the 5'
end of the polycistronic nRNA. Reconbi nant host cells expressing high

| evel s of the desired gene product are obtained via a single step nethod
conpri si ng FERUD OF iTitE INVENTAPNt r ansfectants in a sel ectable nedium A

drawback Oioooifc'?ht‘! Efeﬁsgﬁt:ip\ié%tibn?el#ef’Logéiécg\{eggc%lgﬁt@fntc%%s%ﬂ upstream readi ng

frame may ‘exett on on o mar Ker sequence. See
Kauf man, Msydiem afid metidds, forig6dut8ig qntibodips inleukdyotsy (i8S B6iBg BUS/ US02/ 36856

[ 0004] For _exanpl e . S. . Pat ent. 39, . issued inson et al.

(assi gned Sﬁp'ﬁr%mf %yété'ﬁoMegen%mg%%y' llﬁﬁz"?‘ﬁ%hg‘f"srglagéssetg%ae”ﬁ{@@%/st ronic

expr essi on polysistranio exppedsion sybtepr indwhichrantibodycheavp andllight chéinigehes est i n

o eAnegtiiom 1 daie oY 4ha! Slersby Ynd S¥bB3y Resily 2+ e gene
and light chain genes are separated by one or more internal ribosome entry

sites (IRES’s).

BACKGROUND OF THE INVENTION

[0003] Methods for expressing genes of choice in recombinant host cells
utilizing polycistronic expression vectors are well known. Historically,
polycistronic expression vectors incorporating a desired product gene sequence
at the 5' end of a transcribed region and a 3' selectable marker gene sequence
have been employed. Such vectors display inefficient translation of the 3’
selectable gene, while preferentially translating the desired gene sequence at
the 5’ end of the polycistronic MRNA. Recombinant host cells expressing high
levels of the desired gene product are obtained via a single step method
comprising culturing initial transfectants in a selectable medium. A drawback of
such vectors is the unpredictable influence an upstream reading frame may
exert on translation of the selectable marker sequence. See Kaufman, Meth.
Enzymol., 185:487 (1990).



cistron encodes a protein that provides for the detection of transfectants
or transformants that express a desired gene of interest encoded by the
first cistron. Certain gromh conditions induce anplified expression of the
detector gene in a host cell, which thereby enhances the expression of
associ at ed weBguBsmnces encodi ng the desired gene cont ai retiuse/3td3e
polycistronic transcription unit. In particular, Levinson constructed
vectors containing a polycistron in which a sequence encodi ng hepatitis

B-surface tigen was 0S] Lione qf a ,seguence encodi ng the
screeni ng moﬁ’g Eob‘?’ﬁﬂ?ﬁ’oﬂo# fq@erﬂg\gﬁgﬁgg% Dﬁﬁé‘efjio Eﬁ‘@"ﬁ%‘l‘%@fst ronic

ar r angeneniasaignéd6n kEHcB IO BenatedOink.) diseREERh pBIEIERSHE Bxprédsidrne downst ream
mar ker gene sequence of the second cistron occurs in conparison to the

expr essi onsystem gapable @ftprewtmge@ét{m ef interasbin eukanyptic Bos CeNE.
pol yci stropy megggéﬁ%t&&m&mmm BRAGEnESBudrRe of IHY @BsndU! Li chai n

pol ypepti des exanpl e, “pol yC|stron|c expression of nultichain
pol ypept i deistrorsencogdes a eeptein that pravides forithe deedivn of ransfectants ks et al . us

Pat ent No. QEE hﬁg; el by et al.: US
Pat ent No. trév%@ﬁ%é%&h@o rgtgcdo%?dogén%%u@sat?e é‘g?g) tgﬁigsi 199 to Audonnet
et al.; andistdsh. Certaimgroveth 0dndibiénHibdudeandplifieds éxpnessionadf the @ge@or | nvesti gat ors
mpr oved byeRE e 4 MELeRIcHaET diFrehY ShaneRarn AR selRRd o1t (1 RES)

bet ween theeweésen@omhgtrmdesﬁreagémmdtﬂféa@itﬁmpatyaustrémcst identified in

pi cor navi ruses,, nedi a the ini LI ation of [eﬁnsl ation bgﬁdl rectly recruiting

and bi ndi H@"W‘B’@%U‘f?éts R Bar{cyils Leyiesonicopsiructed yectos ofIliRg R quanosi ne- cap

i nvol ved 'Eo%’&kﬁﬁh whicAQS&iHBefée?Htobitlg hzmt@eesi@ra@@amgeamdsRES sequence can
i ncrease the’ | evel cap-i ndependent transl ation of desi red pr ot ein.

Early pubPP%%RﬂBSNESQﬁ%‘%Pf Heeauence engodinghe ?fQ@"!Qe’ﬁa@ﬁbes as "translation

enhancers c I rs" are
Gooari bea YRl A e O Ly Bl it DA S 180 10

Pal menber gvecéorsallneqaaiwxpje@siowaf thetdonpstreanymerkepgenesseqeensesofithéw i e. [ 0007]
SOTE | G SR MR oRSET Sy e BRVBSRASA BN B uch e the P
sequence haaqumgcdxnomn use in pol yC| st r on| C expr essi on vect ors is that of
herpes vir HTQUOS]Ot Rﬁémé’r%aru‘y{spe ycp?r%nlc expressmn syswams ha(vs%een use ent 6,193, 980) .

express multichain polypeptides. For example, polycistronic expression of

multichain polypeptides is reported in US Patent No. 6,060,273 to Dirks et al.;

US Patent No. 6,033670 to Bublot; US Patent No. 6,096,505 to Selby et al.; US

Patent No. 6,143,520 to Marasco et al.; US Patent No. 6,153,199 to Audonnet

et al.; and US Patent No. 6,156,558 to Johnston et al.

[0006] Investigators have determined that levels of the second gene in the

polycistron are improved by the incorporation of an internal ribosome entry site

(IRES) between the genes in the polycistron. IRES elements, first identified in

picornaviruses, mediate the initiation of translation by directly recruiting and

binding ribosomes to a message, bypassing the 7-methyl guanosine-cap

involved in typical ribosome scanning. The presence of an IRES sequence can

increase the level of cap-independent translation of a desired protein. Early

publications descriptively refer to IRES sequences as “translation enhancers”.

For example, cardioviral RNA “translation enhancers” are described in U.S.



Kor nel uk di scl oses bicistronic vectors constructed by inserting

p- gal act osi dase and chl oranpheni col acetyltransferase reporter seqguences
into a plasmd having a CW pronoter, such that the two cistrons are
separated by a 100 bp intercistronic |inker region containing an | RES
sequence. TWWeosfouszed ci stron, encodi ng p-gal act osi dase pcysosksaps| ated via a
conventional cap-dependent nechanism The second cistron, encoding

chl oranpheni col acetyltransferase, was translated only when the preceding

| i nker region cont aj ne{i th RE%ﬁ?i te. TJ; Korel uk V\g@ t hat | RES
sequences EaENhdA;i 4P, 99610% RIberg. &b abgn Hig@%“@p@%y&é g frame in

bi ci stroni gopRMNwhONstructs designed to neasure cellular responses to

stress. However, only marker sequences were utilized in the second cistron,
as the stal0003] SpmedREScapighingerottersistraes haveibegn patentadhsidtasd wit h

: il _ 0008]
expr essi onltrgx@ﬁgﬁeé (8 PARIME RRs a;ﬂéggpfﬁm%@éﬁrga@rk@ﬁg@s Onel 0008]

Addi ti onal CO-'expressi on o Ia | usi ng pol ycistronic
expr essi on IRES sequentabavinglnownasserin belycistrapic expeaspion veutors iothat 9666 di scl oses
a nethod o = ] N t I ' ' ki ed sel ectable
gene and akﬁ@%gk'{él?sggg@ﬁ%g'mégﬁg%? et‘)IeI(’;llggb Ef‘gdte}éESeége{\_ﬁ%ée?;‘?ﬁgrgg%b 61r‘dei fied gene is

gener at ed Kofnelukstigcldses biokstranic vegtorconstiuetedisy ilhsfe‘atﬂ‘g:fiida(ﬁd:tdsmh@n of a
sel ect abl e gene such that the intron is correct‘lég/ spliced fromthe mMRNA with
reduced ef BNEFEA@NPhepieslacelyWignsierase cenpptepsequaneesiaio@Riasaidul ts in | ow

anmounts of h?fﬁﬁ‘é S VAP hRMBRITKGIch R &t tRd fvodtidels BFeCstvaRied bPEMDOBD

intron-nodified sel ectable gene in conparison with unnodified sel ectable
gene sequeliiersistronic linker regipnccontainingan RES segupees: abhefirgkeistret e produced
concurrentl| 1 . i i t I3 g[bg | ot enploy a
transcri pt ie}c‘)%a'&% ﬁ@gg@g'ﬁéeﬁ%,@g%%ﬁ%%ﬁ?%c og&%“éﬁaéneﬁsdg g@‘?ﬁ{‘gs and the
desi red gemechamjsrandbe sécondtcistros;encading bidoramphesicojaeatyiansfemsdy i ven by

. / .PCT/ [ . | bod duct i
e ng o MPRTPBHE B AR e PSR IS RGloB ronAEd R IRES Bl oy hg vect or <

exhi bi ti ng Thusimeeialuk showad that IRES seduehvestan riédiatd tied wardlationofiact ase ( DHFR)

and a nucl eoti de sequence encoding a,desired antibod roduct. See U. S.
Pat ent No. sS‘?@éPPBB%Q"B‘Q i8ypict '%éhﬁ&oﬁtmc%r‘g\ﬂ%9gﬁﬂi | i zes DNA

construct s pieadireGefulsr rgionses HNeHess. Howelbr, BRly Pkt S @6hcas wefe Sel ect abl e
mar ker sequence and a single sequence encoding a protein of interest. The

heavy chai tilzedimige geeandgiptront avtbaptaipef the ge recogngedsstineffiienty a  sel ectabl e
gene, DHFR,suddiatdl WS eprédsRA otsbiing s3Budndks MbiddtrdnitearrangBRfdn®l the

[0008] Additionally, the co-expression of amplifiable markers using
polycistronic expression systems have been described. For example, WO
92/17566 discloses a method of co-transfecting host cells with an intron-
modified selectable gene and a gene encoding a protein of interest. The intron-
modified gene is generated via insertion of an intron into the transcribed region
of a selectable gene such that the intron is correctly spliced from the mRNA with
reduced efficiency. nefficient splicing of this nature results in low amounts of
selectable marker protein being produced from the intron-modified selectable
gene in comparison with unmodified selectable gene sequences. While
reduced amounts of selectable gene are produced concurrently with the protein
of interest, this model does not employ a transcriptional linkage between the
selectable gene sequences and the desired gene sequence of interest, as the
two sequences are driven by separate promoters.



DNA construct. The intron was positioned between the cytonegal ovirus

i medi ate early pronoter (CW) and the sequence encoding the anti body heavy
chain. The light chain of the anti body was placed into a second vector
constructed to place the |ight chain sequence under control of the SV40

pr onot er / enypingzoand the sel ect abl e hygromyci n B resi stamsR36886€ sequence
driven by the CW pronoter/enhancer and SV40 pol y-A. Vectors containing the

| i ght and heavy chai n sequences were |linearized and co-transfected into host
cells for expression and subsequent djsulfide |inkage between |ight and

heavy chal9999] TAOtbody prosfugtion ysing, digisHonic BXBISiANcvestarings 8§e”t r uct ur e
accordi ng Hi@cloQoO%\%)bylnb%ctw%‘-‘éa@ufb‘ftln@lﬁ%hs&@tl&mﬁr‘il(a@@tb%ﬂvée‘hr separat e

expression of the heavy i ght Chai n conmponent's of the antibody. This

net hod i s ﬂlhndqulﬁt@mdue\aée(QJ*FRmdgwdﬁot%s@qqsn@e orendingds desired0] The net hod
of Crowley, ﬁtib%ﬁgg éidhassﬁégé'lﬂytérﬁlwr eﬁ@sﬂé‘éwle% ST‘HELH?étﬁ dprotein

expressi on | npo e positiona 'ect associ ate % traditional
pol yci st roﬁrawleywtﬂleesDNA consitusteshavifigea $indle promaterdé daveexpgession dfet ween t he 5

and 3' gen ch commerci al
scal e gr 0538'??‘8?11'33?3%%%%@%ﬁ%gﬁoﬁq@ %g&w‘;ﬂéé %@Qﬁ&%’é@&w i nter eslt can
beI gener at iterest] TELHdavi)chain Bithedesited arflibbdpwas/iAsérted dovkstrdamalf as esf

mu t|C|stro i C_expres nits t a r _expressi on of genes

| ocated inS %9‘?@%58%%“ cYYlhé"thr 9@@3’8{'\'11 'ﬂtjr Fitgﬁé erg({%fstg?rom c )

expr essi 0”DNﬁCdo%ﬁudTHYhé)ﬁltréﬁ)%bQdélﬁ&edfb&w@ﬁﬂﬁééﬁbmegélbﬂrlﬂeneS of interest,
such as PDGF- A and assi stance of an | RES. | RES-dependent

transl ati oﬁnmeﬂ'@tﬁ@aﬂv Bi°§ithfr(pMVé)?B¢ dhessegrenceancediag the antibedy by a Xenopus
|aevi s 5 UGk chGho'ThE IRUNSAH i \aaeiasoch i MO PHAEI8GPCTI US02/ 36856

expre55| on of "the second cistron such t'hat ‘equi nol ar exgresm on of cistrons
1 and 2 |gownctedéuplaqm@etﬂgbﬁ@ameiq@enméméerscq&ﬁgl Af¢heP¥4hged to as fol |l ows:

promt er - Th(g@’io(t) %EER&rbme%e%cﬁﬂl&Wre%%@ gg‘étnEtsE&J %091.2] Wil e

t he teachi rks suggest a overcom n ficiency
associ at eddriventbydbe W%pmmtem/eehmsamdaﬁ%ﬁ palyhAe Viegtors cordainingthee ei n

2ot of o198 A BERh PR efu s SRNE IR e YRR BT, ci'ec ron © O
expr essi oncells%rzm@tesbionahd ahbse@uaﬁﬁsﬂﬁﬂemdmge bfewmmduggm gy ession is
O oo U, i AR A ahisod) sHEAGe2R0Rg 3" ' "

bi ci st roni &N
Crowley, two vectors must be constructed for separate expression of the heavy

and light chain components of the antibody. This method is inefficient due to
the use of multiple vectors.

[0010] The method of Crowley exemplifies the limitations on multiple subunit
protein expression imposed by the positional effect associated with traditional
polycistronic expression systems. The imbalance of expression between the 5'
and 3’ genes in a polycistron reduces the efficiency with which commercial scale
production of multichain proteins or similar products of interest can be
generated.

[0011] U.S. Patent No. 6,060,273 to Dirks discloses multicistronic expression
units that allow equimolar expression of genes located in corresponding
cistrons. According to Dirks, bicistronic expression vectors may be configured
for expressing two genes of interest, such as PDGF-A and PDGF-B, with the
assistance of an IRES. IRES-dependent translation in the bicistronic expression

vectors is aided by a Xenopus /aevis 5'UTR B-globin sequence that enhances



1(4): 376-382 (April, 2000)) investigated the efficiency of |RES-dependent
second gene expression in conparison with cap-dependent first gene
expression in vitro in several cultured cell lines as well as in vivo in
nouse liver. |RES-dependent second gene expression ranged from6 to 100% of
first gene weowsmpassesi on, dependi ng upon which cell typeecamsoenerter genes
were used in vector constructs. In addition, the selection of which gene
was positioned first in the bicistronic vectors affected the expression of

gene p05|t|one do tream reover Bor man e noted that the
ef fi ci ency®¥re ?*@E‘S&gﬁ? 5eQ9PF\9I§[r° b‘l'\t eeﬁgmz?ftexp?eéﬁ'gpgh'gt@'ﬁfpa second

ci stroni c afdEaEchieved. THeaRdistion®s Jertdremay b¥ afrargdd/os@dlions! | chosen as the
expressi on host. (Conmparison of picomaviral |RES-driven internal initiation

of trans| aprompterirgGistiondRESSrglokin SEQUENEF-BPRONGCISYPRs.  Nucl ei ¢ Aci ds Res,
25(5 925 I?ﬁ%t df
i n((ji z/i dual [q%ééls( W‘m test e(%:ft(b(')rxgrs ggte% 2‘&@ %?B%/é/rbéﬁﬁpp‘?rﬁ ent ngfafl I i0:1es.

[ 0014] Themfﬁcmnc;eamcmtedrwnﬁwlmqhnmd|e¢prab$|d>ti ofysonfe moltichain pratain r ans! at i on of
sequences | Ly ex Ssi rticul arI y pertinent to
the effi cfwﬁﬁrtﬁ%lf?@{:ﬁaﬂs ol r&&ﬁ@%@iyftﬁpﬂ@(eﬁﬁﬁg a@g d"nt chain to
heavy chai uausfacmr?saum tbShé(&r)prédictemmylof d@/vrmtreamrcmmhlelxplé;sbml di ng and

i Horwit z and coworkers concl ud that because

Soe el b Moty t af ARBS epkidon: SEcahll g S B SonE SHRYIERITY (BT o oxor ecsi on

and proper tm&@ploebemm m{st d;érgmxp@s@ohwmc@ﬁamasedt& Masp%b@py to the
efficient secret ol e antibodies. (Chineric

i munogl obt(4) r37I6r3§|2t(AEHa?Q@)HP@SQ%P%f'@cPf@Je"CMi°f H@Seﬁ’ﬁpqng%tl s: influence of

f ramewor k- 2 " 4)). 5 WD 03/048306
bCTT USo2) 3eBERY Bﬁgf‘q fasidffinco ‘u'ﬁgﬁébnmﬁ(‘%}’ de@gﬁ@"?ﬁ%%é‘%"}g i nefficient

expr essi onexpressien igederia se\tﬁr@ltwtwred cglblrr@slas well@sfipvivein rnguaydwgm c DNA
CLoneoeer EEESUEETREAER] goie WLosBhOURABA LEADY g 0one
(Expressi orxwréssion, deperidingauponwhichodedl typles aadreﬂmﬁdygéneerwme bsed int r oni ¢ NRNA.
arount of HFaConpieEs JEedoafelisiest & o ate ko sREhRERHY ™, Y anar ect i on
i nto nuri nethebicistromic veetdrsafféntdd the axpressian of gepe pbatuonedabvdmatr@dm detect abl e.
const ruct [B1PheHeraenEenent da el Babe sficiensy pIBESS: b FBncer ns. about
host cel | taxingbpehdeRCraiBRAtiBY ot Bdone distem YeqUeAtdwas GRIERY afiésted

by the type of cell chosen as the expression host. (Comparison of picornaviral

IRES-driven internal initiation of translation in cultured cell of different origins.

Nucleic Acids Res, 25(5): 925-932 (1997)). Dramatic variations in activity were

noted for individual IRES elements of vectors transfected into different cell lines.

[0014] These concerns with the unpredictability of downstream translation of

sequences in polycistronic expression systems are particularly pertinent to the

efficient production of antibodies, as Fhe ratio of light chain to heavy chain

expression is key to ensuring proper antibody folding and secretion. In this

regard, Horwitz and coworkers concluded that because some antibody light

chains are naturally poorly secreted, the co-expression and proper association

of light and heavy chains is important to the efficient secretion of at least some

whole antibodies. (Chimeric immunoglobulin light chains are secreted at

different levels: influence of framework-1 amino acids. Mol. Immun. 31(9): 683-

699 (1994)).



functional antibodies were detected in the supernatant of these cells only
after colum purification, suggesting this | RES vector/cell conbination is
a poor nodel for producing antibodies of choice on a conmercially useful
scale. [0016] To the best of the inventors' know edge, an effective neans
for produsvowg/oissecti onal mul tichain proteins, such aspenushseses, using a
single polycistronic expression systemsuitable for commercial production
schenmes, has heretofore been unreported inthe literature. Thus, a need

ists f || t bI t
SH S o ey Sy, R o R PRIl A58 0L v
miyhbe U:E ihblbtmﬂc gene inekpfolowing Ee@dm‘b\MfNAJdlmemrﬂn ebqﬁes;sﬁiti)h \?’ctw ES(mengd gt 'SI' "
such as the chains of a ir i body..
| NVENTI ON P@@P?? anagoqﬂ{gghgh%gwqegpﬁ@qlgﬁg@?g@nwgﬁalgf functi onal
(anti gen- bséglieRse-polgaddransh @ignaat(saﬂ@w&almﬁnmma&/@ﬁal on via a

pol yci stroni ¢ expreSsion systemin a eukar c host cell. [0018] Mbre

speci f i cal phtibodyiéoma,eiaistremic mENA. e'éyttﬂdmmﬁe“{ﬁ&)pf‘%%é?‘%ﬁ 987 ))fWﬁ%tﬁffbnal

anti bod ml n cell f ungal

or I yea)s/t rrgﬂgﬁ{ﬁg'an(ftstl F@rr%?%' @&ﬁé?@gh%ﬂ(ﬁhﬁ%gﬁgdm%t er%O/ar y) SCHOuch | s,
using a podnstiuctfoknwing ansfention mto syrnemyelpme Tells, but kagvgchainf this preferr ed

enbodi rrent anti bodies in
mamal | an- Bt Was DRSS St T i BB GR s P oGy sHoBhA By 36556

expr essi ondmsﬂtmmexmpmorscmgtracteukmffycmhtl;cemressﬂheheme:hainlQuelto nked to at

| east one antibo ht chai uence and at | east one anti body
heavy chai fO" CEHE% Lré‘%ﬁ E X'C@bh'e%eﬂ%g ﬁ eﬁ?ﬁﬂ(}h%%% q??g'pieéﬁruences are
separ at ed fncidnal bstibdties Werd w&tedimthbbﬁpé?%dwm&ﬁthvée%ylfst@Waﬂdie gene that is
3" -nost of the E onoter has at ,its qul)'nlinus A sequence, the

ot her codi RYUBBARY ign, suggesting Hus ﬂﬁ’ﬁss‘{erc celh,eqmbjnay ny APSRquence, and each
gene is prﬁfb@@ﬁgr&)éd@clr%%&&ﬁbod|§9€P£ho%é%neﬁ1&ﬁnd%ﬁ:iéll¥ﬂu§éf@%c§@d0n [ 0020]

Anot her enbodi ment of e invention provides a cistronic expression

uni t conpr [G418L iTa thenkestof the inyenigrs keqwlegge; ﬁ@ewvgmam&r operably |inked
to an antip Fbgl Yh%%ﬁtl@%@hﬁltiﬁﬂ:ﬂh %téﬁ&%ﬁ%ﬁsdéﬁiﬁbdlb& Jer% |9y a start and a

stop codon, one or re ant eavy C n codi ng sequences.
Each heavy pclhqstmmxmsmcayetnmultsblarq@ommswrwcaorssqtemeand a stop
codon. has heretofore been unreported in the literature. Thus, a need exists for an
efficient means of producing commercially acceptable amounts of antibodies in
recombinant host cell systems, in which a single construct may be utilized for
expression of two or more desired protein products, such as the light and heavy

chains of a desired antibody.

SUMMARY OF THE INVENTION

[0017] The invention pertains to the expression of functional (antigen-binding)
antibodies at adequate levels of expression via a polycistronic expression
system in a eukaryotic host cell.

[0018] More specifically, the invention relates to the expression of functional
antibody molecules in eukaryotic cells, preferably mammalian cells, fungal or
yeast cells and still more preferably (Chinese Hamster Ovary) CHO cells, using
a polycistronic expression system.

[0019] An aspect of this preferred embodiment of the invention is the
expression of functionél antibodies in mammalian cells using a polycistronic



Each pair of heavy chain codi ng sequences is separated by at |east one |RES,
preferably that of a cardiovirus, such as human encephal omyocarditis virus
or poliovirus. The DNA sequence encoding the antibody light chain is
preferably expressed at a ratio ranging between 10:1 and 1:2 relative to

t he expressvaesnedsos t he DNA sequence encodi ng the anti bedyubemesss chai n. Mre
preferably, the antibody light chain will be expressed at ratios relatively
bal anced with respect to the heavy chain, i.e., fromabout 5/1 to 1/1 and

till ferably about.3/1 to 1/1 till ferably about
1.5/1 to 1PPIRPERRGTRRISTS A BPREHE PEIAROPerRbbIe S 2L uicar yor i ¢

cel | Iine, ofélahibady Aght S @Blihg bédiencé BiRd atse4st 8he antidddf Akayashein Wher ei n
expression of said antibody is via a polycistron as described herein. In

one aspect Cofling SRAUBAGR MTEEHN BYFD anYBedyGodTasRaLIIeES AERsePARRteY & 1o 3
orientat| Oléa§€BJIeQWE§9InttHE exBMsHOR SRk, thé geROREES 3Ngmgdt@ffe: an antibody

| i ght chain coding sequence conpris start and a stop codon, but
whi ch does promoterdwagat #e3'demrinys 2paly fiseadenceathe offRFSoGing sequeptes sel ect ed from

th ey A 1 et . Cat
[ east one T BabSrtacea Al A libite, aRfeadidendls prRBUA B 88, 1L (0% o™
secreting sodpmadndsnds avith @;stemebddh. of each heavy chain codi ng sequence an

| RES, pref y.selected fro e .gro consi sting of a cardiovirus,

pol 1 ov r s LEAR1 2ARGhEE bl o eueibh §R5eS 2 R3YeBleflee “cont ai ned at the
3' end of bhgegiiteuritcdRiptidinglin thes' & 3’ dinéttioh tid MV Prorabtet oparably WO 03/ 048306
PCT/ US02/ 36856 Pr ef er abl ﬁ a e_ukar%oti c cell cprht a'kn' ng the pal ycistron wll
secrete abltifedse apgntibody @?%’i‘é'"&Pd Qﬁﬁﬂ'ﬁ.’)‘ﬁ_ﬁfha&ﬁt ap %‘i/bgéﬁtagé“ﬂ,a per day.
Pref er abl YStoPtcon&?}%IIoWeé_byBhéQgﬁmafésarﬁif)od%}'ﬁéab?@Haiﬁ&@diﬁ@?;écﬁfeﬁéed@er cell, per
day over at |east a contihuous 3-4 day 'period. In preferred enbodi nents,

t he eukar y5asitheavy|chaig cadipgisequence isralsp flapked by a start and a;stop £odami a. [ 0022]
Anot her e i o i i g@g{%ﬁ i or yeast
cells corranrglgg? %Pg %%Y’{/Q?aslq %ﬁﬁéégﬁgﬁc}gﬁ gérﬁagéy{é(?g%aclapab %I of “'produci ng

f unct i onal peeferatdy that of a vardiowirus, sught 28 himap ensephalemyasarditissdyeonces accor di ng

L o o RO TR O MBS O F RATBAAD SRS °FLSice 1o
target naexmessed aba ratizarahging beiwees 1011 andat2 relatige twihe eipibssion ohserted into
Dependi ng 5oV REEBGR Ereiredhp bogedy FramapBn T n sty cBormy bo

antibody light chain will be expressed at ratios relatively balanced with respect

to the heavy chain, i.e., from about 5/1 to 1/1 and still more preferably about 3/1

to 1/1, and still more preferably about 1.5/1 to 1/1.

[0021] Another embodiment of the invention is a eukaryotic cell line, such as a

CHO cell line, that secretes an antibody, wherein expression of said antibody is

via a polycistron as described herein. In one aspect of the invention the

polycistron comprises in the 5’ to 3’ orientation following the CMV promoter: a

secreting signal; an antibody light chain coding sequence which comprises a

start and a stop codon, but which does not comprise a poly A sequence; an

IRES preferably selected from the group consisting of a cardiovirus, poliovirus

and a herpes virus; at least one antibody heavy chain coding sequence each

operably linked to a secreting signal sequence; and 3' of each heavy chain

coding sequence an IRES, preferably selected from the group consisting of a

cardiovirus, poliovirus and a herpes virus, IRES, and a poly A sequence

contained at the 3’ end of the gene located at the 3' end of the polycistron.



recovered fromthe biomass of the cell culture or fromthe cell culture

medi um  Methods of integrating genes at specific sites in eukaryotic, e.g.,
manmal i an cells via honol ogous reconbi nati on and vectors suitable for such
reconmbi nant processes are disclosed in U S. Patent Nos. 5,998, 144,

5, 830, 698, wad/4sBe6413, 777 the entire contents of whi chparesdsesss por at ed
herein by reference. [0023] Yet another enbodinent is a nethod of producing
a functional antibody conprising culturing eukaryotic cells, preferably

manmal i an Qr .yeast el ls. containing .a | yei str.oni c expressjan systemt hat
expr esses EFﬁf%/’_BgMya_ ?'i‘clifﬁfo IC AR cmwgM&%&ﬂﬂ%ﬁ%fetﬁﬁgoﬁgé@eri ng

functi onal pRBgraReeF ﬁﬁicﬁdﬁéﬁhﬁﬂb@dvféﬂ cell pérddy. PrefEhdlyf, dnlebstonml  anti bodi es may
be produced in batch fed cell cultures at |evels suitable for therapeutic

use under BlSPERFT Ghanthody AT rsreted Poresell. rer day.BYRRSt 5ag) @ ERABYRUS For exanpl e,
CHO cell's 9-;;1% peflo®ain efefdd eHlbbdihifts! fhe cORAGBICLENGPS EHERYS oF 22T ©

conti nuousl trolled can produce reconbinant protein for at |east 12
days or noyesastglee.¢f.dlichikanpl e, U.S. Patent 6,180,401 for a discussion

relating t . i j in batch fed
cul tur oo, DU BB o BERER RO AR DR AR e R e

[ 0024] Theyeast @ells comprisingua pdiysistraniclexpreasienl system icapableg of predutirgcussed her ei n,
wherein: [002 iqure 1 depicts a.schematic draw ng of a polycistronic
exor o5 ontungihel stibbdiesc YRk BoBitl babtiRafBeag ol I, | hody

[ gOZ?]REgi gtl’feﬂn\ﬂend@rpirﬁy :beag&ﬁheeﬂahioﬁth@fnamnwesﬁa%t ggts% iUulr:i_ﬁgldelt hg 3 itus of

t he etween | i and he chai n sequepces; igure epicts a
Schermnti ¢ GHRG delsbrmarataNA SoRERS TRk AR ISLERS PHBFEht and. heavy
chai n gene nfamiitiaR 8byedst celRCaichdhatitxodehded DNAGH insbitédmed thet i onal cassettes;
[0028] Figure 4 is a Southern blot o i stronic HUCCA9 (418-resi st ant

[ f polyc
cell isol gerameoithe BTWH"'Z@B_B %w%%ae'w'ghofrylelm rﬁ%@'"%ﬁ?&i n; [0029] Figure 5
i s a Sout heRediff ygdh tRE s¥dieRbeLathBloydd Rt Stidaailantibedies hijloece! | 1 sol ates
25A2 and 22H10 probed w th HuCC49 heavy chain and &0030 Figure 6 shows the
sequence ofecoygredfemdhe biomass gtthelag rexfi feain thecell culture mediin.ant i body t hat

bi nds TAG {2440 QPeqRitY gBnds SELPBERL bR SuRRIE! &g C ABRiriatgh on of a

pol yci stronic
cells via homologous recombination and vectors suitable for such recombinant

processes are disclosed in U.S. Patent Nos. 5,998,144, 5,830,698, and
6,413,777 the entire contents of which are incorporated herein by reference.
[0023] Yet another embodiment is a method of producing a functional
antibody comprising culturing eukaryotic cells, preferably mammalian or yeast
cells containing a polycistronic expression system that expresses antibody light
and heavy chain sequences, and recovering functional antibodies from the cell
culture. The functional antibodies may be produced in batch fed cell cultures at
levels suitable for therapeutic use under conditions optimized for maximal
commercial output. For example, CHO cells grown in batch fed cultures in
which glucose levels are continuously controlled can produce recombinant
protein for at least 12 days or more. See, for example, U.S. Patent 6,180,401
for a discussion relating to the output of recombinant protein by cells grown in
batch fed cultures.



expression construct according to the invention. "L" indicates a |eader
sequence VL indicates DNA encoding an anti body variable |ight chain and VH

i ndi cates DNA encodi ng anti body vari abl e heavy chain. [0032] Figure 8
depicts a plasm d, PCEMPTY A4, used to construct a polycistronic vector
accordi ng two dspeszoenventi on. [0033] Figure 9 contains tpermsrlieise acid
sequence of PCEMPTY A4 plasmd. [0034] Figure 10 depicts a plasm d, PCEMPTY
8, used to construct a polycistronic vector according to invention. [0035]

Figure 11 C guence of the plasm d PCEMPTY B.

[ 0036] Fi Q%EQESQ%I Néﬁkf@@ﬂﬁ%‘% c vector according to the invention,
Pol ycis 2 yd4u2a] FKemeestih isHAREPilGtiatedan the FIQ#és dist@esed hdreiont ai ns t he

nucl ei ¢ aci d sequence of HuCC49 dvy/Ser contained in Polycis 2 vector. 9 WD

03/ 048306 MPeMEIS02/ 36856 DETAI LED DESCRI PTI ON OF THE EMBODI MENTS [ 0038]
Prior to pgeflﬂl Pljur ﬂ&é;ﬂbtk%%cﬂ@rﬁéﬁd d?é\lviﬁgopé Pg&&&%ﬁué&pﬁé@ﬂﬁ\' ments, the

fol | owi ng nhitrrons are provid or an internal ribosone
entry si tecomglﬁtsef‘@(ﬂlégi"@ﬁCGP %lhlﬂm@mléﬁdcanﬂamcﬁzrmtlé@dﬂe e.g., an nRNA

mol ecul e, ] Hgﬂ)@z HOBi&s Qaéchéh%‘ﬂ:fd?'ﬁ?e N@@%ﬁMAQ t‘ﬁHf lllscéfent to

initiate t ans i"on Tn an assay cap-1n epen rans ion, such as
t he bi ci st thenRESrbepvwrendighbasblyeaty sbain beqlences;). S. Patent 6, 715, 821. The

Pranerati oo - Pl idkifts 3 S Rma R AN oS R A VBB rither w s woul d not
be transl aﬁrﬁ'dunngEB‘mahgmraﬂd heawtchamhageine fsequbnces gedocatéyinr uses, and are

consi dered,t he r mfor cap- |t1édependent transl ation. The 5 UTRS of all
pi comavi r udndéep Stransl ational initiation by directly

recruitingoc2sp blguds 41& a"S&lﬁﬁ@rﬁ%t of PetycRinie HUC NG 18 @sistimt tali t i al
cap- bi ndi ng step. S el enents are frec]uently found in viral nRNAS,

and are raf9/ale Sgﬁrﬁ!‘d Q«?Eﬁ@ﬁot?ﬂ drwgth Ky heayy gha t he non-viral nRNAS shown

to contai n&OdﬁPCFngFéaé |s|d:§t§1tﬁérﬁrﬂﬁ%§pdl |§tr'6ﬁicrHJ(R§@eG4184fés§tanWéﬂs i ncl ude
t hose encodi n |m*runo%obu In heavy chain binding protein (BIP) (Mucejak,

D.J. et al isolatest2fA2 angx2Hd0 poabed Mith1HuCCASheavpehaimangt ennapedia (Oh, S. K. et
al ., Genes [63?9] 1];%2@%&10@%tﬁé%gat)e)nceﬁp&pwsgfoﬁ%hgiﬂfc?nué&% whichet al.. Mol.

Cell. Biol.
is a humanized antibody that binds TAG 72.

[0031] Figure 7 schematically depicts construction of a polycistronic
expression construct according to the invention. “L” indicates a leader
sequence V, indicates DNA encoding an antibody variable light chain and V4
indicates DNA encoding antibody variable heavy chain.

[0032] Figure 8 depicts a plasmid, PCEMPTY A4, used to construct a
polycistronic vector according to the invention.

[0033] Figure 9 contains the nucleic acid sequence of PCEMPTY A4 plasmid.
[0034] Figure 10 depicts a plasmid, PCEMPTY B, used to construct a
polycistronic vector according to invention.

[0035] Figure 11 contains the nucleic acid sequence of the plasmid
PCEMPTY B.

[0036] Figure 12 depicts a polycistronic vector according to the invention,
Polycis 2 which expresses HuCC49 Gly/Ser.

[0037] Figure 13 contains the nucleic acid sequence of HuCC49 Gly/Ser
contained in Polycis 2 vector.



(1997)); fibroblast growth factor 2 (Vagner et al., M. Cell. Biol. 15:3547
(1915); initiation factor (Gan et al., J. Biol. Chem 273:5006-12 (1992));
protei n- oncogene c-nyc (Nanbru et al., J. Biol. Chem 272:32061-6 (1995));
Stonely M Oncogene 16:423-8 (1998)); Vascul ar endothelial growth factor
(VEGF) (Stavowswdsseeet al ., Mol. Cell. Biol. 18:3112-9 ( Pep@yg36s8e! | ul ar | RES
el ements have no obvious sequence or structural simlarity to | RES
sequences or to each other and therefore are identified using translational
assays. Another known IRES is the XIAP IRES disclosed in U S. Patent
6,171,821, incorporated by reference in its entirety herein. [0041]

" Cap- depen@ETAILERDESGRIRTION®RTHEIEMBODIMENT®, 7- net hyl guanosi ne  cap nust
be present at th i

5 end.of a NA . npol.ecule in order tQ initjate
Cransi at 1 of38l { BeoHRRYGINGE JefRieh ueaintoy clerefaesmBbRseRp (92 36356
[0042) " Cagslonmgrenitifsts 4re prsvidedi on” neans that a 7-nmethyl guanosine cap is
not required for translation of the nmRNA nol ecul e. Cap-independent

transl at i of0039kcARESS akan intaroel sibpsasmesentey site. maans atagion of @inysielsne shunt i ng,
and i nternal. QCRI'FBO el t SHowk irRErnal TR "codi ng sequence”
or sequenc%hgfrﬁdrlluc eéng.,gt?ﬂi@ﬂﬁ&&e@gﬁ%ag@ogkéﬁﬁgﬁe prgrtngi n or pol ypepti de.
[ 0044] " Repotry/kindiog sufficiarit toinitiate transiajion int aroéssay fdresap-independdmdt encodes a

det ect abl e . pr ct,; i ch 1% I ot ansl ation
control of'gﬁﬂgtl(%égﬁ[aédﬂ fcfé%g%?i%p@)ﬁeﬁ%%éfé%ﬁcﬁﬁgg%ﬁ?{.sggﬁtghgr transl atabl e
nucl ei ¢ acie 158Quemhe presbade efrandRES withjpraddROIA mblecidle altgwsesap-on s det ect abl e
S0hy. i B ediptoR T SR 8 SRS b BB EDBRIS! ) e

f 1 uor escengulideholbe transtated. RESS aerReMét iduntfied iR)picormaviraédsy afar@. . i cin)
enzymatic activi acz/ beta- gal actoi dase, |uciferase

.g., |
chl or anpheﬁpwera@ggﬁgﬁdé@@fqr capdndgrendent ‘ﬁ’}?'aﬁ'@"-bghe BV HS Bf/alh second
mol ecul e (ﬁgﬁg@vmﬁshﬁ |eﬁ%§?gﬁ¢e%m%r%|éta.bmmﬁeﬁb G?Q&igy;recr{lﬂ%m " Promoter”

i .
means a m I sequence Icient to di rec_t_.trang(_:rl_p ion, TPpreferably in
a eukar yot jand bisding rigpsames;, therey circwoventiied therieitighcapdiindingsteprent s that are

el ' type- 10630] PHRES oRrRRE! 6 ey RhadElfe) RRAS SRR T 2oy '
i nduci bl e ligundénnan-viel mRNARI Eo date,dbenorsyirab mENAS shoswt to contgirbe | ocat ed i n
the 5 or ?lecffénail lﬁés" tements in their respective 5' UTRS include those encoding

immunoglobulin heavy chain binding protein (BIP) (Macejak, D.J. et al., Nature

353:90-94 (1991)); Drosophila Antennapedia (Oh, S.K. et al., Genes Dev.

6:1643-53 (1992)); and Ultrabithoran (Ye, X. et al., Mol. Cell. Biol. 17:1714-21

(1997)); fibroblast growth factor 2 (Vagner et al., Mol. Cell. Biol. 15:35-47

(1915); initiation factor (Gan et al., J. Biol. Chem. 273:5006-12 (1992)); protein-

oncogene c-myc (Nambru et al., J. Biol. Chem. 272:32061-6 (1995)); Stonely M.

Oncogene 16:423-8 (1998)); Vascular endothelial growth factor (VEGF) (Stein

J. etal., Mol. Cell. Biol. 18:3112-9 (1998)). Cellular IRES elements have no

obvious sequence or structural similarity to IRES sequences or to each other

and therefore are identified using translational assays. Another known IRES is
the XIAP IRES disclosed in U.S. Patent 6,171,821, incorporated by reference in
its entirety herein.

[0041] “Cap-dependent translation” means that 7-guano, 7-methylguanosine
cap must be present at the 5’ end of an mRNA molecule in order to initiate

translation of the mRNA into a protein.
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sequence regions of a particular gene. Preferred pronoters for use in the

i nvention include viral, mammalian and yeast pronoters that provide for high
| evel s of expression, e.g., mammalian CW pronoter, yeast al cohol oxidase,
phosphogl ycer oki nase pronoter, |actose inducible pronoters, gal actosidase
pronot er, aeso4tassoci ated viral pronoter, bacul ovirusPOT/USBERSG POXVi rus
pronoter, retroviral pronoters, adenovirus pronoters, SV40 pronoter HMG

" hydr oxynet hyl gl ut aryl coenzyne A) pronoter, TK (thym di ne ki nase) pronoter,

7.5K or H5 Vi LUus .pr.onot er npEVi r us C | ate pronoter, al pha-
antrypsin &05% M@ﬁfﬁ%ﬁ%@ewa?%ﬁ%ﬁ%ﬁ%“ﬁ%ﬁg%ﬁ CFTR P
sur f act ant npt refWiedrfor tednglatiomofthe MRMA nitduler @apfieddpend@nitaamslation 11 VO

03/ 048306 PCT] US02/ 36856 [ 0047] "Expression vector” neans a DNA construct
cont ai ni ng Mechanisfeg inglyde rigp '@F'"'B%@Pa%t?%?oﬁnpﬁ&%@f'ﬂ%a%&ﬁ‘gﬁm@t ream gene,

ci stron or riEpWnielhdigg.r €gi on.  Herein, the pronoter may be operably |inked

to one or nore genes or cistrons each preceded by a start and followed by a
stop codonl00A3hnsEistan’ Fieaps at peding:sqaueras’ onseabienes of mvclpicadidtipi ent cel | s,

i.e., eukagy 'egtagsﬁ{glle proteth Wﬁd n cell, fungal cell, yeast cell,

allows the ce Xpress odéd by the expression vector. Expression
vectors i n§004dk &Reportereistean” cueany asagnaeiaf ucleiplagidithatencedesia uses. [ 0048]
"Tr ansf or i Q) " i Lon' e i i

pol ye: st r ogpiecibiedispe biSHE Efichatly tefesBlei bt WA Bt ¢ ¢

expressi onobén IRES1es therein. [0049] "Eukaryotic cells" refers to any
eukaryotic cel i C rodyces or expresse es pf interest using the

pol yci st ro&‘f%*xﬁ@?ﬁﬁgﬁ*@%g}e@ﬁf gpy Q‘H% or; ’ﬁ{)gﬂ‘%@rﬂucﬁ)&fﬁ %C"i PAVG0%s by way of
exi'vllrrpl e Wﬁmbhclﬁildeé;@pi'@dhu%m_ LN hbs’a'iexﬁ@sl | ion ia/dﬁtém@bf le Bidifor d;unmﬁma]je:wl Is i gsect
cells, avian cells, anphi n cells . g, rog ogcytes, fungal and yeast
cells. Yeaé’PmH%%l‘PQNa'qugg"@?L%&cg?’Gﬁaf ‘?fgﬂ"'{?ﬂ?écab?ﬁﬁg% gd¥p%%m% Sacchar onyces,
Schi zosacc hyHavé 8., ohia df SrRlUbibwi bifes: flubfisebieS(esy., gfééf owi a, Pichia, at
al. Particularly preferred ¥east or expression include nethylotrophic

yeast st r aifligreseengprotein)clxigiy,esd- oiainy enpurasicaghvity (e gelldsaefha, ~ Pi chi a
0's. ' Pat enco g s BIERsE IR Phe R Lo Biera, SRF BT B oo &0
5, 888, 768, bauntl ly, 258068 folecllec(eq. dintinar haletgstabientabeled antitodytescri be
promoters, s bt RELAS fifmaried iR sHREURTE ShectPhsSidagh, Moyl atory
preferably in a eukaryotic cell. Specifically, included are promoter elements that
are sufficient to render promoter-dependent gene expression controllable in a
cell type-specific, tissue-specific, or temporal-specific manner, or inducible by
external signals or agents, such elements may be located in the 5’ or 3' or intron
sequence regions of a particular gene. Preferred promoters for use in the
invention include viral, mammalian and yeast promoters that provide for high
levels of expression, e.g., mammalian CMV promoter, yeast alcohol oxidase,
phosphoglycerokinase promoter, lactose inducible promoters, galactosidase
promoter, adeno-associated viral promoter, baculovirus promoter, poxvirus
promoter, retroviral promoters, adenovirus promoters, SV40 promoter HMG
*hydroxymethylglutarylcoenzyne A) promoter, TK (thymidine kinase) promoter,
7.5K or H5R poxvirus promoters, adenovirus type 2 MPC late promoter, alpha-
antrypsin promoter, factor IX promoter, immunoglobulin promoter, CFTR
surfactant promoter, albumin promoter and transferrin promoter.
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sequences useful for facilitating heterol ogus gene expression in yeast,
e.g., antibody genes as in the present invention. [0050] As is apparent
fromthe instant specification, genetic sequences useful for producing the
anti bodi es using the pol ycistronic expression systemof the present

i nventi on mayospessadt ai ned from a nunber of different segrwesmsedsor exanple,
a variety of human anti body genes are available in the formof publicly
accessi bl e deposits. Many sequences of antibodi es and anti body-encodi ng

genes have been published and SUIt | e an enes, can be synt hesi zed
from t hesel004¢L, gﬁ?&@—l@dﬁ—tgg °ﬂré$§ Mﬁ "égﬂ'd??ﬁ?g

ant i body- pb%&ér’ﬁbe?&fbﬁ;} kb &Sa é&ﬁ@eﬁ%’d&ﬂ&%rdﬁ@ﬂﬂﬁo&i&@&@@oﬁ&y be sel ect ed

and cultured using techniques well known to the skilled artisan. Such
t echni ques Harein, dhssprometad mqugwqt@f inked tq QSR ABE PeReFAILOIAd pri mary

publ i cati ogge ep %r@?éd%'dsblyraesgé\?ﬁﬁd glsxﬁéwbyﬂsl%p%aaérabhsnéf btiohSFtHen the invention

as describe ow are descri Current Protocols 1 n I nmunol ogy,
Col i gan et expressiorestor intp egecipiant] delisii.ag ewkasyaticgelb £ mnmammaégnl nt er sci ence,

Jonn W1 eyl drgallan, yOIbaIOAIEIRE L keSS RNASTELAL R Por at ed by

reference (N ety, I'ng t will further be
appr eci at edxgrbssiort ezt c &ppression heciors momdeleq;) demetidatly engineerepasses al |
alleles, varian s and nutations of the DNA sequences described herein.
[0052] As P%’S OF¥FYRAS: anti body- encodi ng RNA nay be isolated fromthe

origi nal amdapdﬂrgmdmatlag dryansfstion” qaekﬁoomtrdduamncaffaer transforned cells
by standard techni such as guapi di ni um i sot cyanate extracti on and
preci pi t at PB'MC'?tEHW'Co‘%'é?H’rH{/CQ,’b?tﬂ‘Fﬁ "thgf"altt? eyaryatie bé/ ere desirabl e,
MRNA may b ehé‘,qh@,bmd fromtotal RNA by standard techni ques such as

chr omat ogr i&”& on oI i godT cellul ose. Techni ques suitable for these purposes
are fam i &f‘@'sé‘é%"@fr‘?%@EYOP‘P\CQ"H’@“Q%?@@W%Q”r ef erences.

0053] cDNggrblias @n O8fne81 LRDo BGOSR Brplr e ant [ body may

be nmade, either si rru aneous y usi ng reverse transcriptase
and DNA pmvymﬁmnagénalmlmﬁs&yd@memmnlemmmalm\mllmqh\c@ﬁ%t may be

initiated S ﬁﬂn,seﬁ € peC|f|c primers
based on t elo;ﬁ)%bﬁlﬁgh@ﬁn eangghoéCFgé"%na‘&w&%a@ 'tﬁg égr?rllgho aci d sequences.
As di scuss frdg oatytese fungalFardl yeastrasyls. b\éeastesbfmldonemtessuenmmmelhywmj encodi ng the

22;;2;’2& Sl | Eh ngac%%g%ycgg '&ﬁlzosaccﬁgrb%ygeas?Elallwée%ru ar, %rs\diggl,y be screened by

Torulopsis, Yarrowia, Pichia, et al. Particularly preferred yeast for expression
include methylotrophic yeast strains, e.g., Pichia pastoris, Hansenula,
polymorpha, Pichia guillermordii, Pichia methanolica, Pichia inositovera, et al.
(See e.g., U.S. Patent 4,812,405, 4,818,700, 4,929,555, 5,736,383, 5,955,349,
5,888,768, and 6,258,559). These and other patents further describe
promoters, terminators, enhancers, signals sequences, and other regulatory
sequences useful for facilitating heterologus gene expression in yeast, e.g.,
antibody genes as in the present invention.

[0050] As is apparent from the instant specification, genetic sequences useful
for producing the antibodies using the polycistronic expression system of the
present invention may be obtained from a number of different sources. For
example, a variety of human antibody genes are available in the form of publicly
accessible deposits. Many sequences of antibodies and antibody-encoding genes
have been published and suitable antibody genes can be synthesized from these
sequences much as described herein. Alternatively, antibody-producing cell lines
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or | arger honol ogous probes, such as nouse constant regi on probes. [0054]
DNA encodi ng |light and heavy chains nay be isolated, typically in the form
of plasmd DNA, fromthe cells as described herein, restriction mapped and
sequenced in accordance with standard, well known techniques set forth in
detail in tWw®osfoas3egoi ng references relating to reconbi pamigsddIbsse echni ques.

O  course, the DNA may be nodified according to the present invention at
any point during the isolation process or subsequent analysis. 13 WO

03/ 048306 PCT/ US02/ 36856 ] Wiile the in ntlve ﬁ nﬁ? ti.ons and net hods
are sui t abImayrks selgee @3”56‘9 techaiaues A’ﬁ@ n odhes "iﬁ‘lr?ﬁ'%ﬁ'\'\ pref erred

anti body S%‘&H?'P&ﬂﬁlqaéseareddéééhﬁbiﬁﬂ AQBMY of be@w%améus%dsmd?fs' S
t echni ques conpatible with this aspect” of the invention are known to

the skil | equblicationsn knthisEgspee. taghpinees suitgbleufor vige dmythefinveption gs
cormer ci al ldlés&%?('l bé\BJv%ré‘géﬁ%ﬂPéoqﬁ fﬁ%@{»{ﬁg ?n nﬁnﬂmoﬁﬁ?'édngﬂn ﬁw sequences

encodi ng several types of heavy an a|ns set - 'for ereéin can be
obt ai ned t fEldsu@lneelthlwdmg AthateS(andTV\éilemllatbrsmmeJddm)Wsiey arch8ongenet i ¢

e ot N AT Bl kPGBl e B8 sl el o e
t he desi redupmanerfts such antibodies. [0056] A variety of different types of
her ei n " and0Bdhy " 1SHH GERR b apaesetpe rah dng Goones e R R ave
signifi cantenésdiﬁwasmpauélee Vaiiahts @he Afitdtives afthe DNAYseqerties dasdribeén (e.g. a
tunor associ ated antigen), conprising |ight and heavy chains, wth or

wi t hout cob&®t |inkage between them and thus include single chain

anti bodi es yog¥2 th@ |§ Wes knoWﬁ’dérftleGV @ﬁHoUPi@q?l@& ma”}ﬂﬁé’fs@a'fh‘i’j frémithe present

i nvention are hel t o nean I Munog [‘obul I ns, antl bod 1 es, or I mmunor eacti ve
fragments @ﬂglﬂeloamrbo%pmduwaahmdomarpeumpcﬁomoth@ratsanswmeé@plls)hyof one or

more of t erGanstaRhidieg! A ARl AR SSiNIRLEY iradibheHy se al ter ed

SO as to provi red bl ochemcal erirstics suc e ability to
non- coval erpréo;pltatlbmﬁzllowed biy mentrifigation wnohromategraptyt | Wihete desithible, ed ser um

hal f-l1ife Ny, CO re i a I unal t.er nt.i bo f ,approxi mately
t he sane ( mg n g@ﬁ%"[c i?':tom \&ﬂglr Weggu%tg%(gagg qS%r{PW%gi ??%cthaﬁg
appl i cat i oghronvatognaphsy ambhgadTaiemgd)se chedhnlqaes 'sdutaﬂ»}e footreise putposbavi ng al t er ed
or omttedc stant é glon ga 6%{(&?( consi d redto be nodified
ant i bodi es areN@mijjas {n foe 8389@% escy hee rerQBH‘pfr? EPNSA%i bodi es or domain
del et ed anfjag53yi @DNASRR&EHREde! helightidhd the heavy chains of the antibody may

be made, either simultaneously or separately, using reverse transcriptase and

DNA polymerase in accordance with well known methods. It may be initiated by

consensus constant region primers or by more specific primers based on the

published heavy and light chain DNA and amino acid sequences. As discussed

above, PCR also may be used to isolate DNA clones encoding the antibody light

and heavy chains. In this case libraries may be screened by consensus primers

or larger homologous probes, such as mouse constant region probes.

[0054] DNA encoding light and heavy chains may be isolated, typically in the

form of plasmid DNA, from the cells as described herein, restriction mapped and

sequenced in accordance with standard, well known techniques set forth in

detail in the foregoing references relating to recombinant DNA techniques. Of

course, the DNA may be modified according to the present invention at any

point during the isolation process or subsequent analysis.
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pol yci stronic system of the present invention may have at |east a portion of
one of the constant domains deleted. Mre preferably, one entire domain of
the constant region of the nodified antibody will be deleted and even nore
preferably the entire CH2 domain will be deleted. [0057] Basic

i mmunogl obuke os/@ss0e/Ct ures (e.g., antibodies and the |i lpgx/dshr/zeasgr t €br at e
systens are relatively well understood. As will be discussed in nore 14 WO
03/ 048306 PCTI US02/ 36856 detail below, the generic term "inmnogl obulin”

conprises five distinct classes of antibody that can be distingui shed
bi ocheni call@885] whWhileathe ipyaplive corapesitionsand metdgds arepuilable Ioh@¥cope of the

present | n‘éﬁfi‘ﬁda%nor fn'?i%etﬁ Ay ! %Iégﬁid?é\‘e%d lantits) & Pé%e@?’aréi rected to
the class of 1gG nolecules: Wth regard to 1gG i minodl obulins conprise
two i dent i disclosedthergin| yRligenueleotishasynthesis tephniquasagompasiplghwithy dhis oxi mat el y

23.000 Dal ég@éct ?ﬁ@@fiﬁx)’&ﬁtibﬁ SR W&l?‘knoﬂfﬁ%%&Bﬁl'!/éazarg’%ﬂnf:{?@larﬁﬁ}’obé‘&a?ﬁﬁb ght

53, 000- 70, our chains are jolned nds 1rna"Y"
conf i gur at ioah usihg ramy roft sevetal ghinmencaliysavailabié @utonfatech spthesizess.ndnst arti ng  at

the nouth of .t.he "Y' and continujng thr h t vari ahl reqgi on., The dineric
e oot os el a sAfertRt b Riahbies b feal ¥ AB e irBiisomt 4y oo
there W || fdrh herdin danrsd dtgaifed tBoughetRé eeivites bftommbmial DNA edrdorsant i bodi es.

[ 0058] More specifically, both the Iight and heav hai ns are divided into
regi ons of T§Fr988?tiﬁ'§ﬁte§%'opmﬁlﬂ%q D G T .O'%é‘efc@aﬁé“ayctéﬁ%gﬁnt " and

"variabl e” afigRd 6 Mbdiftach] feAde ¥ntiboBies tompafiieWith thé phédskht iRGeriBRT eci at ed
that the variable domains of both the light (VL) and heavy (VH) chains

det er ni ne &Ad ithecdesired ysr)al suchanthndiespeci ficity. Conversely, the constant

dormai ns _of 5665%# | A% i&g%if H'ffefeﬂ-é/ a0 gk érﬂfﬁo@i@ﬁ\‘r}é Cﬂ@éi}ré&%ac%ngr CH3)
confer inportant bi 010 |ca'I pr Bertles suc ag secretion, transpl acental
mobi lity, K theeinelanbinventioti nds used heldeitantibdsiyh @nd Jantibodies'heeférske. By

becons. mor & muae WY sdoeREXRhHaealE Mo B ST IF AR5, TR

anti body. Bhtigen (e Ltidnarrabstiiatdd mantigen)acdmpising light apd iheavyt teains,

carboxy-term nus of the heavy and |ight chain espectively. [1Q059] Light
chai ns” ar e WY °é‘_iiCg‘éaqf%‘ﬁtlﬁg?g%ﬁwge%tthq'%ﬁﬁaéﬁ‘(%ﬁ‘c&)jg sE’(‘Qgéhc{“ﬂ@avy chain
class may hatifsiesd andt heeilikéer “Modifgd antodieamastzotdirghto ahali presdrit  gener al ,
the Iight and heavy chains are coval ently bonded to each other, and the

"tail" poriNvgplioroare Agld: iRomeanJpmuRegiekulips.caiibadies PoINALTPrEAR¥e by coval ent

di sul fide lp,pHaagor Mtembidkitd BB H WhiLh blRadt!Firdt8BR bPORForGhéRYT bY
the constant region domains has been deleted or otherwise altered so as to
provide desired biochemical characteristics such as the ability to non-covalently
dimerize, increased tumor localization or modified serum half-life when
compared with a whole, unaltered antibody of approximately the same (scAb)
immunogenicity. For the purposes of the instant application, immunoreactive
single chain antibody constructs having altered or omitted constant region
domains may be considered to be modified antibodies. As discussed above,
preferred modified antibodies or domain deleted antibodies expressed using the
polycistronic system of the present invention may have at least a portion of one
of the constant domains deleted. More preferably, one entire domain of the
constant region of the modified antibody will be deleted and even more
preferably the entire C42 domain will be deleted.
[0057] Basic immunoglobulin structures (e.g., antibodies and the like) in
vertebrate systems are relatively well understood. As will be discussed in more
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hybri domas, B cells or genetically engineered host cells. In the heavy
chain, the amno acid sequences run froman N-termnus at the forked ends
of the Y configuration to the Ctermnus at the bottom of each chain. At
the NNterminus is a variable region and at the C-termnus is a constant

regi on. Thoseosakssbd ed in the art will appreciate that pheaxssedai ns are
classified as ganmma, nu, al pha, 15 WO 03/048306 PCT/ US02/ 36856 delta, or
epsilon, (y, , a, S, s) with some subclasses anong them It is the nature

of this chaln that determ nes the "class" of the a tlbod a | gD, IgE
1gG or | gRetaihelownthengRess f¢imh Rayergletudia ?‘?'EU{S;‘?B ¥ déSt'QCt @*88( |l g&, |gG3,

g4, | gAl of Shtbod it Weh beCliaingaisRid BiBheATICHIR HRON I o8RBE Bfre f unct | onal

SpeCI alization ver si ons of each t hese cl asses and | sot ypes are
readi |y di Stearnwithia the scere gkthel @resmm\@aﬂpn ihe fellpwing diseussiastwitht di scl osure

and, ?‘Ccoéghé}gl u%cf@'dt {8l thet s f Y%@%@ECLH&LB WORA ??%aég;%elgb' [ 0060]

As i ndi cat he varia Ie regli o ows the an seI ectively
recogni ze anmiunqgkmuﬁms:abmpnsm tvb identiaap ight qoolyipeptideocteaing of enoleznlar gens. That

is, the VL donpin and n antibod netoform the variabl e
Fogi on t hatve bl el 2 b ol adne, 48 e AR Y o o o

q;JaE ﬁr nary g&nr%whi:glgs\t G&O?Wﬁ opg ovg&m%m:zganmgm dgumde{b@nds t g p(r]I esent

a e end o 0 e e.anti gen bi ndi ng
Site is defl Aed coRJoUTRRRIWREIRI i iohl chaing Braskeh (e AEE VLRI ARSeBeRs) on each
of the VH apfheYhouttt BBhESY" BRPEdtintiRg tbaghIREYafatRs fetfiorQ THRAdiIMeA®NONEr i C
antibody (H2L2) are short, non- contlguous sequences of ami no acids that are

speci fi cal P§sqFeips discloged hergin may pe i derfwei #R8Peigtedi Yo (B4t s anti body
assumes | tgt%etr%‘wfﬂ%e%tﬁ'fadﬁdué_’cj"ﬁ es %’ﬂéé et e‘?cgrdvgleﬁﬂ aft environnent. The

remai nder heav vari a omal ns show | ess inter-nol ecul ar
vari abi | i t 0058] amMese @Bdquubﬁbéhe dight andeheayyrehainsharefdividedvint r egi ons.
The | ranewRidorso8t Shicil $kYnASRREI RombBapnFhe SORIEHEBEIAP, GAF ! N CDRS

form | oops nnect ir-ng n sone cases ormn € ] 3-sheet
st ruct ur e. "véniakle" tatees&df fuactiomalik frethisoregael; tit with bef appnecaatettaﬁaftdhei t hat

Provt des ! dBRaditg B ol RS e 5 B BN AR i i ng
site for rr%tobmnémand)@ﬁediﬂcﬂﬂedomlﬁm‘ie corstant dombing of thenigheomasi ary to the
The non- el @k T MaPAG RN Kavarerib Sty BT SABHGHENGUE ant | gen
epi tope.  properties such as secretion, transplacental mobility, Fc receptor binding,

complement binding, and the like. By convention the numbering of the constant

region domains increases as they become more distal from the antigen binding

site or amino-terminus of the antibody. Thus, the Cy3 and C. domains actually

comprise the carboxy-terminus of the heavy and light chains respectively.

[0059] Light chains are classified as either kappa or lambda (x, A). Each

heavy chain class may be bound with either a kappa or lambda light chain. In

general, the light and heavy chains are covalently bonded to each other, and the

"tail" portions of the two heavy chains are bonded to each other by covalent

disulfide linkages when the immunoglobulins are generated either by

hybridomas, B cells or genetically engineered host cells. In the heavy chain, the

amino acid sequences run from an N-terminus at the forked ends of the Y

configuration to the C-terminus at the bottom of each chain. At the N-terminus

. is a variable region and at the C-terminus is a constant region. Those skilled in
the art will appreciate that heavy chains are classified as gamma, mu, alpha,
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[ 0062] For the purposes of the present invention, it should be appreciated
that antibodi es expressed using the subject polycistronic expression system
may conprise any type of variable region that provides for the association
of the antibody with the selected antigen. In this regard, the variable
regi on may wi®oaa33063/ 048306 PCTI US02136856 conprise or berdediwgg from any
type of mammal that can be induced to nount a hunoral response and generate
i mrunogl obul i ns agai nst the desired antigen. As such, the variable region
of the nodified antibodies may be, for exanple, of human, nurine, non-human
pri mat e (edgl.ta.@yﬁmtl@ng(mw-mﬁk%yﬁlh spEeAybeasses among tham. lijithe origin. In
particul arl "y i " '-g&hea d ant regions
of conpati tr)'?‘teupéng(}ﬁ'% icg n?r??%%ﬁ?@?é’%?'ﬁﬁ%ﬁh\éﬁmot ers Gg’ellggg!bgj enbodi nment s
t he vari ablgS,roedgMnSheimrounmgiabulin substassésisiotypes )\ sadoGy, Ig@sidGed from a

non- human r I . r cifical iJored to inprove the
bi i g pr St (P91 ey Bl ERHBREAAE o BTN S0 hCBRECL o, ' T Chis
respeﬁt, yapécﬁéllizetidrggﬂmh dwetéh iar:]ﬂs éfreatl:mef_tmmf _e'sawda'rsbtprﬁsIAmy be humani éed
or otherwise agltered thro . i.ncl usi on i nport.e or am no aci
sequences. "E%@%gﬂscqfﬂ?bl? Ffbt""g&}“i!%&'%'sﬂ? INVIRY ‘?‘ﬂ'%‘? Q%"Qﬁiﬁ‘ﬁ?%‘? PE% the term

" hunani Zedac@}?ﬂih?\?,@fémﬁthﬁ'the peeiewedt i hétamtdiventsn.ved from a non- human

ant i body, y a murine antibody, that retains or substantially

typi ca a t .
retains th@%‘?!i gefsbindigaled abavepdhq vadakle regien @P‘ﬁﬁtthaninﬂsewto but which is
less TN QEeBNelY NedYdNRRS and TBp&cifiEaNly DEndCEHIRBES BY iahirmiteadied hods,
including (a) grafting the entire non- human variabl e donmains onto human
const ant r @pligens. Tbalgetbe Xt dompinrandiVe: domain ¢f@mi antiboqygonphing toifagn at | east a
part of ong. 0 ] 5 i m-ALng regi ons
(Cors) i nt Gt Tope B8 SR s RIS RNAER Dot 8"\ T
ret enti on dgfiaternary artibodly stnmiure lprovideisdoreas andigert bindingrsite ppdsant attbe t he entire

by opl acenaer SR e oMb SeCRR e IR YN8 st BIER 17 Vor i con
et al., Progthrdlaicompléamatanbdetermihing 38GidnsS(QDFRE) 4h;eabhiof treovy ard Vat , Adv.

| mmunoL 44:, 65-92 (1988); Verhoeyen at at, Science 239: 1534- 1536 (1988);
Padl an, MoFBEMS-| pmun. 28: 489-498 (1991): Padlan, Molec. |nmmun. 31: 169-217

(1994), anqode1P. Tl six SDRs Frebét.dAdhch mdpBmeri6 bnftsvdly (Blpl693re/Shdrial | of whi ch

are hereby incorporated by reference in their entir etly. [ 0064] Those
ski | | ed i nnpRrEoRtiguoys seaugRses of Aming asifs that are Spsrificallysrasitioped o i n

form the antigen binding site as the antibody assumes its three dimensional
configuration in an aqueous environment. The remainder of the heavy and light
variable domains show less inter-molecular variability in amino acid sequence
and are termed the framework regions. The framework regions largely adopt a
B-sheet conformation and the CDRs form loops connecting, and in some cases
forming part of, the B-sheet structure. Thus, these framework regions act to
form a scaffold that provides for positioning the six CDRs in correct orientation
by inter-chain, non-covalent interactions. In any event, the antigen binding site
formed by the positioned CDRs defines a surface complementary to the epitope
on the immunoreactive antigen. This complementary surface promotes the non-
covalent binding of the antibody to the immunoreactive antigen epitope.

[0062] For the purposes of the present invention, it should be appreciated that
antibodies expressed using the subject polycistronic expression system may
comprise any type of variable region that provides for the association of the
antibody with the selected antigen. In this regard, the variable region may
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option (a) above will produce "classic" chineric antibodies. In the context
of the present application the term"chineric antibodies” will be held to
mean any antibody wherein the i mmunoreactive region or site is obtained or
derived from 17 WO 03/048306 PCT/ US02/ 36856 a first species and the constant
regi on (whiwdosregsodoe i ntact, partial or nodified in apecondanesswith the
instant invention) is obtained froma second species. In preferred

enbodi ments the antigen binding region or site will be froma non- hunan

source (e.g. mpuse) and the constant region is human. Wile the immunogenic
speci fi ci t fompriseRr h%ﬁqné{%ql go’f"e?jWéYPq %{’P%P lethétr%"lgﬁ 'ﬁf"ﬂ“é‘@t@d“%&?‘ its source,

a human Coaf’h‘uﬁd&alrré‘éi;bﬂéb éﬁd é&ﬁa‘iatéllrhﬁnbb{oélébuﬁhé sgaﬁnsmé ABGiHBE ahfigeronse from a

human subj ect than woul constant region froma non-hunman source.

Certai n chiAgwsuth tbmvamtﬁ @slmegftnﬁemgélﬁed antihgdie mayr ke, forexampla. @ nonkeys
with a deﬁhﬂhgﬁ Aidlihd Shbn- hlﬁﬁérﬁtphﬂﬁté‘(@gb loRoidus! @Sﬁkédgtmgﬁ qidsl gen and

substitutin cordstant region of 't eav arns'with a
const ant reg:.)oor I¢ping originh umepartidubarly myefaered eefdbodlmeots both (tee gatiatheinan ef f ect or

function, qr,th i N "Pri i " .ank i bodi e d ds of making
sanme are f%Pq ﬁgﬁst&hgrgépp%gﬂElgwpgfbgﬁ’fggﬁigﬁgn@&ég %8”&5‘%‘1 i"ﬂ?&{;gor at ed
herein by télested anbodments the i/arfablmte'gicmsyof <(daﬁﬁﬁﬂ>leparmbeduabl(usuauwi abl e
dormains in boep t he hea and g? ai ns, of  chi merfl nt i ggl es are

al tered by9dgtV és%'aaaaP %”P@b’c @ﬁ% £ eggingrred OF SRS @a"ﬁgﬂg‘e

necessary, wﬁp/ro{i@fﬁe' Bthdihd PropeRics draedwe thémhﬁﬁﬁéﬁﬁhicn?fw 1156 FHORITER. changl ng.
Al t hough the be derived froman anti body of the sane class or even

subcl ass a{n tﬂh‘§ f&ﬁ@? oMgrigbley regipns tiselvk M thaeRlessnt riByeniies mAY beleri ved, it
IS envi Sagﬁgm%ﬁi%%?ﬂﬂhm aifeldd thidu ﬁ'iHe‘flﬁéiuglérpaFl Eoﬁéﬁ DRAC fino di T T er ent

class and prefera froman antibody froma different species. It nust be
enphasi zedaﬁlﬂéeqliqncﬁ%\y not be necessary to replace all of the CDRs with the

conpl ete Chgeaf " ORdr ¥R JANRSseX ! B! sttt éﬁ\%@ﬂt{hﬂr“t%frﬁ“h%ﬁn 98§  gen bi ndi ng

capacity varil a omaln to ano ma on y be necessary
to transf entitody'sshall eseamuarsantihady derwedémempg-humanmnnberimtypioall;act| Vi ty of

oo " L223 lhi Rt S SRS ERSBENAP oS B bRl 5,
conpet encepm‘pettlbgsaethé(phﬁeatianﬂibody hmtamtuch i Ibbsetmnhynagehrcyhnlgumﬁs routine
A E A I R AN R AT MR R I T AT
regi on not Wb tvafshie Boriaitfas 6nts Kiumd#dcoridtdn @egions to generate chimeric

antibodies; (b) grafting at least a part of one or more of the non-human

complementarity determining regions (CDRs) into a human framework and

constant regions with or without retention of critical framework residues; or (c)

transplanting the entire non-human variable domains, but "cloaking” them with a

human-like section by replacement of surface residues. Such methods are

disclosed in Morrison et al., Proc. Natl. Acad. Sci. 81: 6851-5 (1984); Morrison

et al., Adv. Immunol. 44; 65-92 (1988); Verhoeyen et al., Science 239: 1534-

1536 (1988); Padlan, Molec. Immun. 28: 489-498 (1991); Padlan, Molec.

Immun. 31: 169-217 (1994), and U.S. Pat. Nos. 5,585,089, 5,693,761 and

5,693,762 all of which are hereby incorporated by reference in their entirety.

[0064] Those skilled in the art will appreciate that the technique set forth in

option (a) above will produce “classic” chimeric antibodies. In the context of the

present application the term “chimeric antibodies” will be held to mean any

antibody wherein the immunoreactive region or site is obtained or derived from
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art will appreciate that nodified anti bodies conpatible with the instant
invention wll conprise antibodies, or imrunoreactive fragnments thereof, in
which at |east 18 WD 03/ 048306 PCTI US02/ 36856 a fraction of one or nore of
the constant regi on domai ns has been deleted or otherwise altered so as to
provi de deswo®@a4dzosochem cal characteristics such as i pCT/es®@B6kss unor
| ocalization or nodified (e.g., reduced) serumhalf-life when conpared with
an anti body of approximately the sane i mmnogeni city conprising a native or
unal tered C(}nstant er

&

the. ant | bogi1Ea Vxpiet a0t b et folblBel PR ERET nopialer GBRRRTS i1 "

conpri se aimydtardapes with e he@hinveritod) ‘slob&iinedrftbn’i @ sebénd-§pesiesntin regi on
conpatible with the instant invention conprise additions, deletions or

substi t ut i BrefersRd gmbodiments the anfigrn Bipding regionRE st Witbbe TREHAINME: That i s,

the nodifhghaaNdduped(eEs ﬂbt’ié‘é)Oéﬂdth'éeédﬂsf&nfmé’guﬁp'i@hbﬁﬁna' Wel@ithons or
modfications to one or nore of the three eavg/ chai n constant donmai ns (CHL,

CH2 or CH3jmmunegedic srecifiity pi thet vacinblerregion ds ant gensellyraffected. byds wi 1 | be
di d
i scussed kg, ,tfhurﬂgﬁ Bdristdnelegibnds fss h@gtg'régglg?ﬁﬁﬁr%het%?%ns& GFdniti N

enbodi nents o e Inventron ~conprise € es havi ng
modi fi ed cankurean subjgitdhan wiesldethe cqmntanbregmrteordcamonmme ssaraei al |y or

embod: ment CoCamemefEBec: Ba7 e BRbBERRY st b BrBBREEHA T Ger et od
const ruct s aadesired artigen, isbleting antbbéies eaidedrte tid-Entidenand shbstitutingrthe enoved (ACH2
constructs). For, other fpref erred Sn@%ﬁ"bm nts,a short am no g}em d spacer may

be substit GPRYAMIPIORLOIGHF eayy a7 s B, ﬂézof‘?t@infﬁqu ‘@nd freedom of

novenent f aumiaRf huvihg Aekived Agiciith (e.pQHuflanAeffeeior fuRétihny of ke Gikéed, the
subunit structures and three di rren5| onal configuration of the constant

regi ons of Sugk" \P&N%E&f’@”ﬁﬁ@ﬂb@gleébﬂﬂq rﬁ"thQQé*s@% g wame RifoWtheror exanyl e,
the CH do éé?lbgabrﬁu@”ﬁ%{ént RG 5,858, \'ﬁé& Hereg?ét?@ﬂgsfefe out residue

231 to res using convention erlng 2 domain is
uni que in itaantirety. i s not cl osely pai red W|th anot her donmin. Rather, two

N-1i nked b e (Fp‘m n the two CH2
domai ns of FI %r&?(a%&h?’é\}gaﬁfeed@ o sg(ﬁ:l??{h%# Fé;‘é%ﬂﬁﬂght éﬂ?fn gocumant ed t hat
t he CH3 donfbmune)ahmudmsfare)aitérbeby:laﬂedmrpartnal mpIaCéraetﬁofbaemmafe of the 1gG
nol ecul e a ri.ses a rOXI resi dues whi t he hi nge region of
an 1 gG nol g&ﬁsearﬁa |f|q§c§s|s| %Eq]rgraﬁ ﬁ‘ﬁ' eg'Rg ’?aiafe ?’P‘f’ SEAHANE hi nge regi on
enconpasseghaiyind) eAlthlodgH th@fcms Mmagp be desvedTdni sn antdsHYbEthe same

class or even subclass as the antibody from which the framework regions are

derived, it is envisaged that the CDRs will be derived from an antibody of
different class and preferably from an antibody from a different species. It must
be emphasized that it may not be necessary to replace all of the CDRs with the
complete CDRs from the donor variable region to transfer the antigen binding
capacity of one variable domain to another. Rather, it may only be necessary to
transfer those residues that are necessary to maintain the activity of the antigen
binding site. Given the explanations set forth in U. S. Pat. Nos. 5,585,089,
5,693,761 and 5,693,762, it will be well within the competence of those skilled in
the art, either by carrying out routine experimentation or by trial and error testing
to obtain a functional antibody with reduced immunogenicity.

[0066] Alterations to the variable region notwithstanding, those skilled in the
art will appreciate that modified antibodies compatible with the instant invention
will comprise antibodies, or immunoreactive fragments thereof, in which at least
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19 WO 03/048306 PCT/ US02/ 36856 thereby allowng the two N-term nal antigen
bi ndi ng regions to nove independently. [0068] Besides their configuration,
it is known in the art that the constant region nediates several effector
functions. For exanple, binding of the Cl1 conponent of conplenent to

ant i bodi es vxissoees t he conpl ement system  Activati orcousaegps enent i s

i nportant in the opsonisation and |ysis of cell pathogens. The activation
of conplenment also stimulates the inflarmatory response and nay al so be

i nvol ved i n ,aut oi el SEDSl L Vit rther ant i S bind to cells
via the Fc@ rfréﬁf%o Wt%"}ép E%E%’bstt%'l“ |qne UhaIshas at?ﬁef‘ﬁggeg Oe ¥c region

bi ndi ng t 0othehwisé S1EBd 66 a$ Eﬁ;ﬁbw@éld@su@d|bioché’rhi%él&:h@l‘a‘bteﬁsﬁ¢§§lﬁh asf Fc
receptors which are sp ec‘fl c for 9 ‘fé&ent cl asses of antibody, including

1 gG  ( gammiicreaseshtugaljocaligatiop of mogif & efucqdy serum) hatdie Wheht ors) and 1 gM
(mur ecepk&hééred Wltﬂ%'n%h@(’;dy%?bb&@ﬁ)haiél’y fne saReaRRhSgdhiitye! | surfaces

triggers a unber of inportant and diverse blologlcal résponses incl udi ng
engul f ment CQmEFISlfwa%ﬂﬁl}@tqf@'ﬁe"éﬁ"'e(hmﬂstﬁﬂélWat‘@ﬂrelﬁﬁﬂdl%m@lm%ﬂt%ar ance of

| mune Conm%acf):g§l:aaepglo§ offi‘IeCe faé&?égj%f( pre eé(?gSIFI fé@iyﬂxﬁyé?éfrg |ller cells

(called anti ndent cyt tOXI C rel ease of
i nf | ammat ovgctomsavilbcamprise@ Immﬂcﬂnstantrag@ﬁeModlﬁdatmaﬁm thie Q@hstani"runogl obulin

duct h t h b
oy oo redtrl AL NiIHE insfant 6B BbMpAN ad iR dHerBhl §7 nave Doen
thgi ][ I o;:aisubsmtuﬂehs ofodnerar nsore aminoctcidsrin bge or[rﬁ&@Qjoansle?]musstdhd aboxéed )

ification S 1 ON sone O S escri pe erein
o the Teheliep sBhraclistset Btemay cdmpise Atskions Satea G atiSonbl o or

associ at e idbne értrﬁ@b%fﬁmtthﬂ@@dieaw cHth@m\é@htdmuhﬁ(cmocHi bm:,lis)ng the scope of
t he present |nvent|on |t gﬁt anti O |1 es npri sing const ant

regi ons nodN¥/Pe@ tﬁ%"%%@'f‘lﬁ@'&ﬂ%ﬂ@i”ﬁ'%p AVl Be E§F‘H§§P€dﬁ Mo& ect or functions

that, in tgpfi bélev%% shbfn i Bk @UAmBles, RiefthinletmbRbinidhes GfdRa MvestRined anti body.
For exarrpl e, the deletion or inactivation (through poi nt nutations or other

means) of somem@qﬁfeswg.%an@@ﬁﬁshawagmoétﬁe@éoment&mqnsomh%elndu ng of the
circulati “Qné'BP'ﬂnB} edbbn?é?ﬁéhé}@%nfahf&eémréw&é@t@%gg?ﬁwH%retéd)Ca' lzation. In
ot her cases at cons |

ant region Icatlons consistent with
t he |nstanant|quweﬁt |Imaspeotaﬂyamferledrthmantmmmgleamﬂlﬂdubs reduce the serum

hal f 111 anoJaQUSPEEhiide @RRArAHbEBRinas SPIMAAR braiiRs 0Xi N Yet ot her

modi fi cati 8
entire Cy2 domain has been removed (ACx2 constructs). For other preferred

embodiments a short amino acid spacer may be substituted for the deleted
domain to provide flexibility and freedom of movement for the variable region.
[0067] As previously indicated, the subunit structures and three dimensional
configuration of the constant regions of the various immunoglobulin classes are
well known. For example, the C2 domain of a human IgG Fc region usually
extends from about residue 231 to residue 340 using conventional numbering
schemes. The Cy2 domain is unique in that it is not closely paired with another
domain. Rather, two N-linked branched carbohydrate chains are interposed
between the two Cx2 domains of an intact native IgG molecule. It is also well
documented that the C43 domain extends from the Cy2 domain to the C-
terminal of the IgG molecule and comprises approximately 108 residues while
the hinge region of an IgG molecule joins the Cx2 domain with the Cy1 domain.
This hinge region encompasses on the order of 25 residues and is flexible,
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WO 03/ 048306 PCT/ US02/ 36856 constant region -may be used to elimnate

di sul fide linkages or oligosaccharide noities that allow for enhanced

| ocalization due to increased antigen specificity or antibody flexibility.
More generally, those skilled in the art will realize that antibodies
nmodi fi ed awg®sessided herein may exert a nunber of subpbeushiests that may
or may not be readily appreciated. However the resulting physiol ogical
profile, bioavailability and other biochenical effects of the nodifications,

such as turmr I callzatl nd.serum hal f-1i y easily be neasured and
quant i fi ed!n %&qrﬁjb‘(xlé‘ﬂl %m?‘?fﬁﬂﬂﬂ?ﬁaﬁ‘t@gﬂgﬁnd"lgéewh% dBO\R t hout undue

experi ment iﬁdb?éhden{l $070] Simlarly, m)dl fications to the constant region in
accordance with the instant invention may easily be nade using well known

bi ocheni cal00§8] mBesidas dheireeryfigwation gt Eéﬁl@ﬁ'ﬂdﬂé@e\ﬁéﬂ 1haWheh$QPS§4@é pur vi ew of
the skill efogin hiiidtes Léverdl!direb@F Rficliofd FB ek@ihfie, BRARGATANBRS P! O provi de

various constructs having constant regions nodi i n-accordance with the
present i neemponent dfromplementi toi aibbgies tdetivatese ths nomelgmeohwmmts conpri se

been- engi nBe EYBF S @bt 18 BB e RBRSARI oL el BP0, TP
appr eci at epaﬂhagenwc The cattivationt of erma;:.lememtt alsmlshmutatqmr &ieemﬂmdnﬂtmyt o the

regul atory on the, catab of the

1 f .t 1
L bouy” (09hsE hed S aitd Be FROLEET Sl BpbrE byedtbaRavy: FiBas) US0%) 02373
and PCT/ USﬁt%!da%%%d foQels Yia |t|€éjF@mgib&nWW Y FEQece%Qﬁ%ltéad thengistibpgy at ed by

reference _in its entlrety her ei derive om t he chi rmf c C2B8

ant i body whFEgiPR '”pl‘i‘ﬂﬁﬂ@s'f)"eﬁqcfef’ter f%ﬁﬁpﬁ@% 'I%i?la@ gaumbghef B2n and a
humani zed F&%Btor@méhoaaé smslcma fof dméeéﬁtfda%sé@roftahﬁbMGﬁem dyf IgEen. As

di scussed in nore detail bel ow, donmai n del eted constructs were derived

froma profdampargcepiarth gk ((FEE'@CFMQESMQéu@lRFQI receptans) BnddeM &Méodi ng an
|9 NUMEN GaRREAN! SRR 6 andbSRF Fel okopibicor 261 Qs GBgHAcST o0 Lo

del ete the maln a rovi vector expresSSing a domain
del eted | g(D,lmbeih@‘tlmnortaréghddlve@mogl@hmn@&lnﬁlum engulfment and e r egi on of

were then ERUBR{ih,Bf afBRaV-Bsaiar pabEs dlbrafte SEMIMETBNERACS Sele C0cca”i
t ransf or medf antiosly-coated canget teltssbypkier child (ctlleGCaribQily-Re pend ERBERIISCH2
e Y S ts) PEbSEERG A5 e oot RS A o e

transfer and control of immunoglobulin production. Although various Fc

receptors and receptor sites have been studied to a certain extent, there is still

much which is unknown about their location, structure and functioning.

[0069] As discussed above, modification of the constant region by some of the

methods described herein allows the disclosed modified antibodies to

spontaneously assemble or associate into stable antibodies. Moreover, while

not limiting the scope of the present invention, it is believed that antibodies

comprising constant regions modified as described herein provide for altered

effector functions that, in turn, affect the biological profile of the administered

antibody. For example, the deletion or inactivation (through point mutations or

other means) of a constant region domain may reduce Fc receptor binding of

the circulating modified antibody thereby increasing tumor localization. In other

cases it may be that constant region modifications consistent with the instant

invention moderate compliment binding and thus reduce the serum half life and

nonspecific association of a conjugated cytotoxin. Yet other modifications of the
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attractive candi dates for nonomeric subunits. [0072] It will be noted that
the foregoing exenplary constructs were engineered to fuse the CH3 donmain
directly to the hinge region of the respective nodified antibodies. In

ot her constructs it may be desirable to provide a peptide spacer between

t he hinge memesmassend t he nodi fied CH2 and/ or CH3 donmi peT/Usk2aEssexanpl e,
conpati bl e constructs could be expressed wherein the CH2 domai n has been
del eted and the remaining CH3 domain (nodified or unnodified) is joined to

the hinge region wiith a 5 - 20 anmi.no acid Such may be
added, for CPHRAN fegion f‘@yg’r?s\’,ﬁeg tPr%W'ﬂafred'ﬁﬂéﬁ‘Eﬁ @ﬁ@pﬁs 8[8@??%3@f'gethe const ant
donai n r enpiditiek tRR afoW fercaihiantdd Bealizatidheduet tBendiéat@d arrmgemspedf@nyu ns

fl exi ble. However, it should be noted that @no acid f)acers , in sone

cases, pr o9 apibogi fiexiblityo gMAre-genterallynthose skifled ether art wil F?@Mezﬁlaion of the
MONOMET i C SNy g,ssnod:ﬁ&d £ 38RIriBed %emwﬁiav esteh%tmﬂn% supfis effetds having a
short ami no acid spacer GGSSGEGEGESG (Seq. " 1D No. substituted for the CH2
domai n ( CCliwat @ayer [nglyyotee [qadllssame@ata@» HOWGYﬂfmﬂ feﬁwtllﬂméh)@i@ﬂﬁﬂaés because
it does no gly, any
spacer conBS P Ay tR Y B Hotnbiled dhocleeF e mi e AE 387 LS

non- i nmunogemordocadizationcand semuri halftlifes nmayneasily &k eneasasssband guantifi ed t he

nodi fied ant. bOdll %owiI)O? IBeS| the d constant region

domai ns, i tS{P f”le %ggcgbfje[cﬁrégue&dy@(gpéqqﬂﬁﬁIeép%mﬁ?rg PR const ructs of

the pr esentodmyestmlmﬂyrmadm@tuommh@Ie@hstanttég&anna@twuambelmmm@ or
substitution of a few or evnasmg_e anllRo ach as long as it permts the
desired nofftstaftinventionmayRasily bemage ROWR,RiBeRaMIEal Ok ypuni ts.  For

exanpl e, t%lé&hﬁbh%ﬁe&ﬁg@e@hﬁﬂb@m@lﬂwmnﬂfé suriiew oetHREkMed afgas. of the CH2
domai n may be_ enou to substantiall 5“9re uce Fc bindi ng and t hereby

i ncrease t i rPMF the oxapples gppendedihgreto proyide vadouSCONBRIAtEAING | npl y del et e

that part cQﬁstQﬂ‘?ed?dnsWﬁécﬁf é&ﬂ%&@&&aﬁc@%ﬁﬁh@ﬁr’éﬁéﬁi%%ﬁﬂén c@gfer ol the effector
function (e.qg. onpl emrent CLQ bindin dul ated. Such parti al

del eti ons @pemfwellsct_h%wmpllfl¢<bg4rw§wsctsqunprwprcavr@ermnd¢wawn@ﬁdr acteristics of
the anti bo I f i uncti ons
associ at edg\}/{\}'t&? tlﬁgb .HQBLngp cgésgéﬁ}arégor}éetﬁlﬁt‘glﬁg 988&?85 ﬁi&i%& ﬁ’b&eﬂ%téeover

al | uded t o theEb@y2adomdim Ehnmtskﬂied rretgeartwlbapmémtematsummmuucﬂs bredi es may be

nodi fied thr h,th r ti 048306
Po Usoer > BaBESEny ftgret Hun 3l rad RN Srdfide it e 2 é‘%’B*\EAI(‘) og e e
resul ting catabblicuate.of tie dritibedy.r espect it may be possi bl e to disrupt the
activity ProwhedclY qomsm tafmtead antibodias 56k forth in PCT/US02/02373 and
PCT/US02/02374, both filed on January 29, 2002 and incorporated by reference

in its entirety herein, are derived from the chimeric C2B8 antibody which is

immunospecific for the CD20 pan B cell antigen and a humanized CC49
antibody which is specific for the TAG 72 antigen. As discussed in more detail
below, both domain deleted constructs were derived from a proprietary vector
(IDEC Pharmaceuticals, San Diego) encoding an IgGs human constant domain.
Essentially, the vector was engineered to delete the C2 domain and provide a
modified vector expressing a domain deleted IgG1 constant region. Genes
encoding the murine variable region of the C2B8 antibody or the variable region
of the humanized CC49 antibody were then inserted in the modified vector and
cloned. When expressed in transformed cells, these vectors provided
huCC49.AC2 or C2B8.ACH2 respectively. As illustrated below, these
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site (e.g. Fc binding) while substantially maintaining the configuration and
i mmunogeni ¢ profile of the nodified antibody. Yet other preferred

enbodi ments rmay conprise the addition of one or nore amno acids to the
constant region to enhance desirable characteristics such as effector
functi on oW@@@Wseke for nore cytotoxin or carbohydrat @Cavsastssent. | n such
enbodi nents it may be desirable to insert or replicate specific sequences
derived from sel ected constant region domains. [0074] Foll ow ng

mani pul atiqQn_of the i ' eri Al ant i bodi es and
nodi fi ed aﬁw%waﬁsee h'B@%eghggbgiﬁﬁ@%pﬁg;rb%vgdke{"ﬁegp Bgﬁg@ggﬁe then inserted
i n a pol ycattactive candidptes Sar mononesricsubunitsor ding to the i nvention for

i ntroducti i.nt t cells. th may be used to produce the desired
quantity ofdbfgﬂt ﬂﬁ@lgée n@sﬂ&a}rmﬁaftp(?go%g e§%mwa%°r?§§‘?‘tf§% WeEe described in
detai | i nf gAginkéted il fusé thelG3ndonvae dirdctly & the BMDE @EgibOOF the edspective used herein
for the purposes of the specification and c|lajns, to nean vegtors used in

accor dance mgdifigd EH@Odﬂﬁseé%H?‘ef FRNSKEGS ft may be desiiable fo prgyvide AtACBYffci ng into and
expr essi Ng g, @p Bhtiveen 4Ry tingd @P%n%h lthe MSAIEWRIR ARi/6MGEdciidind. €d in the art,

such vectorsS may easily be selected fromthe group consisting of plasmds,
phages, vi Fasexampigl compaiie conrsdryctsicauld e guprapsedwhareindheGrdat i ble with the

instant in i i rq : ¢ e opriate restriction
ites to foonpinasHech deRER Akt ey CRPuoltBh KRERGERY JE ) LD 1o ent or
and/ or r eplunmadified)ns joinedty thei inger repion kith pdt + 20 emirosacid igiLel. $ush t he pur poses
of this inyent] S j i i V. stens may be
el oyed. | EaPats) ey IR oPRRAALS 6 e FAPRE Tl Bloy itls & Sranc s wni ch
ar e deri vethd comstantdomdin vémais éree and beaessibleor that thedpndd regiewi r us vi r us,

pol yoma virus,. adenovirus, vacciniga viru acul ovirus retroviruses (RSV,
MMV or I\/O{ﬁ_mﬁ'n%ﬁie 0 0ﬁ9‘f’?‘(f§t 'P‘%@H’Oﬁ?e éﬁ@g?@'@lppgc@m)@ﬁew MY nt egrat ed t he
pol yci st rogbmeeasys! prové tdD¥ImMtnbgehieiof indibit Aegexires dimetizaton sfeheeCt ed by

i ntroducing one qr nore markers which all ow sel ggél on of transfected host

cel I's. The MPARPMERC S4RKNIS-oGorfxample. g dgmaindsifted CH48 ronsiiethavili9 ¢ host

bi oci de reghért aRMB acRt PacerPBEEBGEHAEES (Sq. IPRLSTAGStIRd AGaNy metal s such
as copper. The sel ectable marker gene can either be directly 23 WO 03/048306

PCT/ US02/ 3688 8omain{ 6404 CrR dglpi])de usasrasescantrobis thaprasplesdboecarse nt r oduced
o o M st RO G Rt AR AR T L, o2
si gnal s, aspaeer torapatible with the instant invention will be relatively non-immunogenic

and not inhibit the non-covalent association of the modified antibodies.

[0073] Besides the deletion of whole constant region domains, it will be

appreciated that polycistronic antibody constructs of the present invention may be

provided by the partial deletion or substitution of a few or even a single amino acid

as long as it permits the desired non-covalent association between the monomeric

subunits. For example, the mutation of a single amino acid in selected areas of

the C42 domain may be enough to substantially reduce Fc binding and thereby

increase tumor localization. Similarly, it may be desirable to simply delete that part

of one or more constant region domains that control the effector function (e.g.

complement CLQ binding) to be modulated. Such partial deletions of the constant

regions may improve selected characteristics of the antibody (serum half-life) while

leaving other desirable functions associated with the subject constant region

domain intact. Moreover, as alluded to above, the constant regions of the

disclosed antibodies may be modified through the mutation or substitution of one
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transcriptional pronoters, enhancers, and term nation signals. [0077] In
preferred enbodi nents the instant invention will express antibodies,

i ncl udi ng nodi fi ed anti bodi es, using the subject novel polycistronic
expression systens. In these novel expression systens, nultiple gene
products ofWO0e3tod83est such as heavy and |ight chai ns ofPCawsilseasé es may be
produced froma single polycistronic construct. These systens

advant ageously use an internal ribosone entry site (IRES) to provide

rel atively hi | s, @f i o t cells.
Conpat i bl eoFb{%Ee é@cﬁﬁe%@gsth%é’l’%gl%ggﬁ’m tﬁ@@“ﬁ#@%@é éggﬂ ahl ch is also
i ncor por at e@kplaetnemay be pogsibletut disraplthe abtivite prosikied bpa donseried bindingyi | |

appreci ate S S t be ug d to,. effectiyely produce
the full éf’ﬁg LErFo&"?F‘Qg‘@W | BibFaclly; ERnaing the t??é‘ﬁglﬁé'ﬂ%ta"‘\!appl i cati on.
[0078] Mor ﬁmﬁ@ﬁtﬁﬁeﬁk'pfoﬂ@ﬁﬁtﬁetdmmeacérmm@r metme@me& ernsmnagst he
nmononeric subunit (e.qg., nodified anti bod%aﬁcas been pr eﬁar ed,

expr essi onma\Yé‘@mPF'sﬁ’rﬁV 3dItion Of §pR OEMOre 2B pir Hergonsta h'@glo"é‘él I That is,

the host C@hhahce Bo¥irdbe ERABREMNIBEuch B3 bﬁé&b‘rtfhﬁdﬁoﬁ’fortdﬂ&ndﬂ fopMdtei nto the
host cell can be acconplished by various techni ques well known to those of

skill in tegolgxin or cathebydrata @ttaehmentydn sycd embodiments émay&e desipleection
(1 nel udi ng 1@ iiReh P RIAESS! epfic! sofileREld 86 tfaomﬂ}eueag@%mét Rirebit! o, cal cium

phosphat e precipitation, enve ope oi nj ection,
and i nf ect domainst h i ntact virus. See, Rldvva A A G "Mamalian

Expressi on ors t t d z and

Denhar dt , I@@i (BUF?@?’&@ ﬁ’ﬁg%ﬂ]ﬁo% %ﬁthe{\/ggra@ ggg)t%g 'ﬂﬁ}%"?ﬁg é‘lpgggbl y, plasmd
i ntroducti antibodies andenduified antibodies genes tis setdorttt above, Thieegenes aresthen ned cel | s
are grown und e |ight

dit te t f. t
chai ns and %sgéﬂ/qﬁntﬁ:pﬂ@&gé?{ﬁg%%g%égn S/gptgh@gw&gggtpgth fnné'%?t'o{?h&fn protein
SynéI hefl S. f|r’cfrx)ettifnfon&itrr)to aestlaoellﬁ q@nma],umlsuéeartol pieduck fiiye Iﬂgsm‘ejttlctmmit;atd(f1;E >L/|| gg\) gene
roducts of jnter | nel nzyme-lin osQrhent assa
rpadl oi mun@a&ody- %ﬂ"ﬁﬂy IV§/© F'i‘%’cﬁ"é?@-é’??d% #"%};ugﬁa@&? sorteryanal ysi s
(FACS), i roursphiTheashtweaby bor &Xdrdstion hed&” isdked\Refei fof haQbuniiists US02/ 36856

[ 0079] As used herein, the term“transfornmati on" shall be 'used in a broad
sense to ré&f &e snpcﬁﬁgtlonrﬁndoaam&&mﬁﬁnmomsﬁdamrwpmaem withthe cel |t hat

changes | ¢ biesfAloHis 209 vEABR ARG Tt b el it/ Pl Bchil® ool Bl ent

cell. [008 ereln hos ave been
t ransf or nedh a cell. As known to those skilled in the art, such vectors may easily be selected

from the group consisting of plasmids, phages, viruses and retroviruses. In
general, vectors compatible with the instant invention will comprise a selection
marker, appropriate restriction sites to facilitate cloning of the desired gene and the
ability to enter and/or replicate in eukaryotic or prokaryotic cells.

[0076] For the purposes of this invention, numerous polycistronic expression
vector systems may be employed. For example, polycistronic vector may
contain DNA elements which are derived from animal viruses such as bovine
papillomavirus virus, polyoma virus, adenovirus, vaccinia virus, baculovirus,
retroviruses (RSV, MMTV or MOMLV) or SV40 virus. Additionally, cells which
have integrated the polycistronic construct DNA into their chromosomes may be
selected by introducing one or more markers which allow selection of
transfected host cells. The marker may provide for prototrophy to an
auxotrophic host, biocide resistance (e.g., antibiotics) or resistance to heavy
metals such as copper. The selectable marker gene can either be directly
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W th vectors constructed using reconbi nant DNA techni ques and encodi ng at

| east one heterol ogous gene. As defined herein, antibodies or nodifications
t her eof produced by a host cell that is, by virtue of this transformation,
reconmbi nant. In descriptions of processes for isolation of antibodies from
reconbi nanwdmsisses t he terns "cell” and "cell culture" par/esuaseasss

i nterchangeably to denote the source of antibody unless it is clearly
specified otherwise. In other words, recovery of antibody fromthe "cells"

o the it pa DR AceigEs 18 e shureSied. pEBkaglonddnt o8 S B e uded  or

protei n expya®kapsiomsatioRst Additdral adnyents mayeais®lbeaRe@ddddfor; optifmase skilled in
the art can readllf/ detern ne particul ar C&I({gdﬂﬁe” I|nes WhICh are best

suited for SYRPesis of BIRNA- (Thes§ &isments Fandn ice signalsmAs WEll Adst cel |
| ines incl HQﬁsanthaﬁb:%rﬂ&%rs'én’ﬁbﬁ&ﬁs lafd tdrithtiomsighdiXB11  (Chi nese Hamst er

Ovary Ilines m nus), HELA (human cervical —carcinoma), CVI (nonkey
ki dney | i n0077b0dn peeferead eraladimeenss theynstaptimvegtierowitt exaress gatinodig 610 ( Chi nese

hanster fi S f k| dne
li ne) . spz?{BR@#gu@éd'ﬁn% b%géspgah? the é@?ﬁ'@%?@'“’%é gmg gy,
(BEA— 1c15P‘(|j‘sYSjems nén thasﬂ)nmel emres.s&ﬂ systenRATultiple gene prbtyumwfdmeegst alnd 293

uman ki dne C i Y _Rr ines are
typically 3\’/%? P%E_glyf %)Jrj%hgrﬁﬁgﬂglotf aﬁﬂt&o%%scrggy Séﬁreré%glf@gfta SCF?iésue Cul ture
Col : ecti otn pOIIyC|§tf(ﬂ'{10 fooinbtrsdte d 'Irhes?r ?tﬁtanés ddOﬁﬂﬁgeohlalyvusf parprnmdn?ll 03 al | ows
scale-up tqg _give |arge.. e, desire epti de produced using
the pol yci EP&W% %@(grﬂﬁwﬁg@y& &RVids é?'@ﬁ"f& ;nghxgvffﬁ og '&‘§d PQ‘gchni ques for
eukaryot i c anfbddies |ﬁ%ﬁk@%§l¢tﬁ:rho’sﬂdelhéeét$dmmble IREBtSeqabhced ard@ieloséd ssue cul ture
conditions are known in art and, include Bonn geneous, .suspension culture,

e.g. in anmPR-PN q'@écgta@r“"ﬂ?h ;snalgo EGARPPRARA, Beretny inyifsy entitefyt Jinosgy,

i mobi | i zedifdd fmhé HRORA apBreciate tHa Vs@bh ékp@essloﬁ dyedeh%vmaj( Berised # Cr ocapsul es,
on agarose m cr obeads or ceram c cart ges. For i sol i on and recovery of

the 25 WO 6fedlively@eoduce thestyi rangesef rmﬁlfiesoamb@dleq disclpsad indbe BtANt ns in the

culture sug F ﬁgﬁ&pts may first be concentrated, e.g. by precipitation with
anmoni um su % ate, dialysis against hygroscopic material such as PEG
filtration[ad78bughMerel generally, wpood thmasstonor DNAe sequence |éncodiogdber y and/ or

des e L onERORE R T Rl THeS o BB e pur F1ec

vector may be introduced into an appropriate host cell. That is, the host celis
may be transformed. Introduction of the plasmid into the host cell can be
accomplished by various techniques well known to those of skill in the art.
These include, but are not limited to, transfection (including electrophoresis and
electroporation), protoplast fusion, calcium phosphate precipitation, cell fusion
with enveloped DNA, microinjection, and infection with intact virus. See,
Ridgway, A. A. G. "Mammalian Expression Vectors" Chapter 24.2, pp. 470-472
Vectors, Rodriguez and Denhardt, Eds. (Butterworths, Boston, Mass. 1988).
Most preferably, plasmid introduction into the host is via electroporation. The
transformed cells are grown under conditions appropriate to the production of
the light chains and heavy chains, and assayed for heavy and/or light chain
protein synthesis. Exemplary assay techniques for identifying and quantifying
gene products of interest include enzyme-linked immunosorbent assay (ELISA),
radioimmunoassay (RIA), or fluorescence-activated cell sorter analysis (FACS),
immunohistochemistry and the like.
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gel filtration, ion-exchange chromatography, chromatography over DEAE-
cellulose or (immuno-)affinity chromatography. [0083] Disclosed hereinis a
novel expression systemfor producing nultiple gene products of interest
froma single polycistronic construct. Unlike previously known

pol yci st r on@oaa3ed r ucts, the inventive expressi on sysipeiulé3estces
sufficient levels of desired genes in both the first and subsequent cistrons

to be comercially useful. This is surprising, as heretofore, gene

sequences located after the first cistron in_a polycistronic expression
syst em hav&0%8kn é‘ﬁwségﬁée'”'a&‘e\}%’r"il m g" PBrHsadiRErPRAY h gene

sequences QXFNeASTEfr tdarly iRtrdducién ofDRARH a rééiﬁ@ﬁﬂhd&g o th@f EVHngES

pol yci stroni C expression systens were gener al é limted to expressing a
mar ker seqthegenolype and sersequentlyregits 'fh@t?h%f‘ggéfh e reeipigateal. of interest.

Aternatividasor t N SRAHMbIRAOGBIC rERA%NBR inaPhdVeBeshidahsiofnad eSsed,

t hereby pr i ng e productrom of tect e transliation products from
genes cont aitheciors eanstructed tusing. reBymbioantrRiNA tecrmmupslapdlemochng @tconstruct
accordi ng he i nven tion C BNt thr nor e Irons each
encodi ng aﬁeﬁéﬁgn%pe}eﬁq@o&&gﬁ% Rg dgﬁ'qur P@%@am 56@&1'3?%[ E'Pg' P nvention, in
its prefer ttedtnpodicaanby @NWSES:@&SthataistiHyOdirtes ofktis Itrameforrastiompdi f i ed as
descri bed herein, ncﬂ f‘hlpther i ncl udes nmer i ﬁa anti bodj ea 33| ng a

so t 59

pol yci str oﬁ“r"i?"%“és sSORttoRs, of\,\ﬂr@p%qsp,s tf% isgratiop ff eantibp PMyenes are

expressed addonbitfant AGRs, etﬁdseémt"b@u"rarnarveéu%uuub@«%rr@ué\ed Mteihangbaipdy genes are
separ at ed by one or nore s. Particularly, as discusse g@ew ously, the

i nventi on |91€¢flﬂ§%§‘et$?ém€>@6|aégquﬁr‘l’"l9ﬁs Béﬁrﬂ??ﬂ)’o@leé'f'@‘élomﬁﬁﬂ'ﬁ%d@lp Fand ot her
modi f i ed a%‘r&éo?é(%%@%é%gﬁ&{dxgﬁﬁn tHe 26l t\-l%@gr? 3?13§r'ﬁiim oWl wirliee/ 02374, each

filed on January i ncor porate ence in its entirety
herei n. Theelsu ioarfrpm the celljquiurgsesntaining betprtbe smeswrwand the sespended y be

manmal i an QLY east cells, nost preferably CHO cells and other cells that
can be effi CI éntly cultured for high level protein production. As noted 26
WO 03/ 048311!’08FPl:T/ D86 hosteditlirebased, fot Ipmteib teapressign molsbpiefagalnif/ ofnt i body

heavy and | chai n. genes corporati nto 0 tron C expression

syst ens ac&ﬂ%ﬂpﬂﬁ t°(5'g'tnh qsﬁ\fgﬁ?‘? Jﬂﬁ‘?sa iy fﬁam‘iﬁ "ﬁ)ﬁe %'??"ﬁ?ew f ordinary

skill. As el @rbs @Hich #8tbdep @yitedefop exprgsioR b Akke dasitad’ Gente product Ihi ght hchai n
etc Qr these heavy

andl or 11 gBROBHANANGs 8L ThEs TSo B P8Ot dmied 1y D26 PUXET b,

humani zat i eehingk@ aidinslel ebVaty MiesS| DAFRPSfihd)C MELRIMATENS -cervical
carcinoma), CVI (monkey kidney line), COS (a derivative of CVI with SV40 T
antigen), R1610 (Chinese hamster fibroblast) BALBC/3T3 (mouse fibroblast),
HAK (hamster kidney line), SP2/0 (mouse myeloma), P3.times.63-Ag3.653
(mouse myeloma), BFA-1c1BPT (bovine endothelial cells), RAJI (human
lymphocyte) and 293 (human kidney). CHO cells are particularly preferred.
Host cell lines are typically available from commercial services, the American
Tissue Culture Collection or from published literature.
[0082] In vitro production allows scale-up to give large amounts of the desired
polypeptide produced using the polycistronic expression system, preferably an
antibody. Techniques for eukaryotic, e.g., mammalian and yeast cell cultivation
under tissue culture conditions are known in the art and include homogeneous
suspension culture, e.g. in an airlift reactor or in a continuous stirrer reactor, or
immobilized or entrapped cell culture, e.g. in hollow fibers, microcapsules, on
agarose microbeads or ceramic cartridges. For isolation and recovery of the
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(0085] The invention further contenpl ates the expression of any heavy chain
and |ight chain sequence whi ch when expressed using the polycistronic
expression systemof the invention, associate to produce a functional
antibody, i.e., one that specifically binds to a target antigen, e.g., a

t unor assocwvabmmssoant i gen. [ 0086] As di scussed, the comcmustmsssof the heavy
and |ight chain genes in the polycistronic construct may be sel ected such
that the preferred ratio of Iight/heavy chain are obtained, e.g., the light
chain is expressed at Ievelskghﬂch t nor e

n from 10
pr ef er abl y asfiodiegs the ¢ immunog ﬂ'lsef"ert Fﬁﬁoﬁﬂpe”%?ﬁ"t? dgnay 1f/r$lep%t ive to the
heavy chai Ronddhttel, fy. tﬂ}/eﬁaﬁlﬁftéithﬁltr?Hﬁ%ansulphél@ QigRjsRSadAMEt Syt em

produces anti bodies in eukaryotic cells, preferably nmarnmalian cells such as

Chi nese  haignoseopis, malerigCaioh %PE@ filration Hu%&héel«qtlaﬁ@yemtsﬁms ©8| | s,
fibrobl ast I?Eﬁ' ke, ¥ regéssgﬂ/darfaﬁﬁ"degﬁed:%e SoncERtraté 80Mtidhs cﬁ"tﬂﬂﬁ@lérﬁ are

enpl oyed as hosts Tor an” expression system conprising a polycistron :
conpr i si ng antibpdidsearg'putified3dy thercustomary ehipmatogiaphy methodss fof Pxamplg sequences:
a eukaryoti : n | iRt p ul ar
eukaryoti cggleﬁ.‘it%g'gé ?ég&ggﬁes %ﬁétgél%ﬂﬁwa Eﬁr ) gg{pﬂ& ggerrl QE%‘IrECactl n
pronot er seglidoseas (imm@fos)atiinity clitbiviatogrdphp  sequence encodi ng an anti body

| i ght chai , Dreferabl its 5 end kar t|c s etory | eader
sequence:  L0083h; Sisciaesr B fee toviSrouseen sfseerpr P8t hat of a
cardiovir u@en@ﬁ»‘ddemsbﬂmte?éstmlehpesmglerpuqcusm coruae. umnk@bﬂeomusly he anti body
| i ght chain sequence; at |east one ?uence encodi ng an antibody heavy

chain, eaci'f"%‘@'éi??'y@ﬁéﬁr}'f: %ﬁﬁ%ﬁ%éh%}"@?@}"ﬁﬁ DreBIPhSYSHNe PEWNELS by a eukaryoti ¢

secreting lsgfgRht Ié@élé'mlrediaéhé‘s iR BsRdhdhirsPardl subséduentélstrohs3o be St op codon,
wherein some or all DNA's_encodi ng an anti body heavy chain are separated

from subs e@gemem@me&&hams mwﬁwSa%Qeraﬁfqrﬂmneéﬁqu%@sf located 7 WO
03/048306 B/ ﬁH§9?s/t %ﬁﬁéﬁ|ntahﬁ'ol§l4|§tﬂo%te§pl%'§§|b99%¥ 6%}1;% réseding sequence

conprises a po sequence at It ter |'ocal e of the
| RES site l@évw&w Iwe!syn camparisorywith gens wqgeopﬂer&xe@ss@ lemefmst fied within the

ot Eoffine Ao oS rpu R ic b BSaDE b GRS . 01,
preferred damheditommesstrige maxkeMez;uemesmtafsec@dbmrmrmotm gerend the IRES is
derived fr Cs)gat?en%g ro in e\{'tlasrtuEItema%vely, the second cistronic gene was inefficiently

expressed, thereby precluding the production of detectable translation products

from genes contained in each cistron. By contrast, the polycistronic construct

according to the invention may contain two, three or more cistrons, each

encoding a gene of interest, if so desired.

[0084] The present invention, in its preferred embodiment, expresses

antibodies, which may be modified as described herein, and further includes

dimeric antibodies, using a polycistronic expression system, wherein two or

more antibody genes are expressed off the same eukaryotic promoter, wherein

such antibody genes are separated by one or more IRES’s. Particularly, as

discussed previously, the invention includes the expression of domain-deleted

antibodies and other modified antibodies as described in PCT/US02/02373 and

PCT/US02/02374, each filed on January 29, 2002, and incorporated by

reference in its entirety herein. The eukaryotic cells used for expression will

preferably be mammalian or yeast cells, most preferably CHO cells and other

cells that can be efficiently cultured for high level protein production. As noted
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Encephal onyocarditis virus, Mengo virus, Mus-Elberfiell virus, MV virus,
and Colunbia SK virus, nost preferably human encephal onyocarditis virus
(hEMCV). [0089] The inventive polycistron preferably conprises an anti body

|l ight chain encoding sequence and one or two anti body heavy chai n coding
sequences. woi/es83e6 , pol yci stron constructs accordi ng tReTIUSE2/36886ent i on may
include 3 or 4 gene sequences or cistrons, for exanple, one |ight chain and
two or nore heavy chains, are contenplated. Additionally, the subject

ol ycistron,wi ll. pref.erabl i . )ce ferably that of
Ito heybovi ne a&?ﬁ%ﬂ?‘?@?'ﬁ@ﬁg’%? B@Q%Péﬁetﬁ)gq?ﬁag&%gﬁy ﬁyg@@égﬁgﬁm opti )c/)nal ly may
b(rarb uggd i {1 imwﬁdorétmhgm_bip:)@cisyonithexméssymtsysi!elmlsmcbbruagitolthe ihEon isl nt';] hi s
enbodi nment , € paol yci stroni c .const.ru C i se sequences tha
facilitate rY’BtIhEb‘b PHRY, i%@??%ﬁk'gt X%"%Fﬁﬁ%&?%@,ge&egm?ygene that is
i nact i vat egnaddehatuRCINEYY BRligH Bhaih QRfbEHY bBResp e &S ahirf@, RIBBRdiumRm, t he

i nventive polycistron conprises one or two copies of the heavy chain coding
sequence ddwpBistesatc.upidhesenkeavy apd/enlighhehain geresdanst kesmpdifiedyfe-g- Y parti cul ar

anti body. heierBaon, hdRbnizhtRindoiin 88letidror'she Spefiitliagbhedis. 1) | knoun 1 hat

in polycistronic expression systens, e second gene I's typically expressed
at | esser 0085} diheynvention furtber gontemplatessthe expressidn atany, heamy evain enbodi ment ,
the inventi Dol yei i whi i . .Sk odes an anti body

| i ght chai r?,\é'grlrlgﬁ C‘é%@o%tﬁ%géshscegvms'%% écx?s Sffc’%&néglré%g{gi%ohgg{r\%gor nore heavy

chai n codi reypressjoresystam of thedmventioh, assaefadatoyproduce o faoctionalkentibedyf, f i ci ent

expression.of the heav in.relativ o the |light chai Ln general, it
is preferré‘&"t"ﬁ%{ﬁ"att ﬁ%e%@gwb'%ﬁ%ﬁa%@eg%pgé’see%’3 m%r\fléslsg&%?ch are at | east
equi val ent dnfigérevel s observed with non-polycistronic co-expression of the 28
WO 03/ 0483 /1 USP2/ 36856 heavy and I|ight chains when expressed in the
sare eukar JORBEL AR dacSTady he SoaH MuBBRLAL R ey ndioHtCBaNGRRES B em [ 0092] 1t
i's pernissithd Solyciifbnictohdtict ARy ibedeletted sl thaPthe préfeiré@ratiblof body | i ght
chain is expressed relative to the anti body heavy chain, as this is

anal ogous tight/hemuy chain areohtained @k dhe light ghain ressediatieygls whichs. Di sparate
expr essi on 4 d: i GRYe i | FhatsSnr al in
directing tt é&\g Lar%gg)rﬁ:og% 1eé?‘ia'asse r%fer%(t))%y %’ﬂteangrl%?l! @gtﬁipﬂﬁfgzz%/t{l)}"%l i ght chai ns,
and excessid/ttoulipeglative ththe\heavyehdim i s t hought to induce cell toxicity. The

light  chai Rogesry a5 the Préfeh&@ embBdiffieht fe' éression system produces
antibodies in eukaryotic cells, preferably mammalian cells such as Chinese
hamster ovary (CHO) cells, baby hamster kidney (BHK) cells, fibroblast cell
lines and myeloma cells. For example, CHO cells are employed as hosts for an
expression system comprising a polycistron comprising, in the 5’ to 3’
orientation, at least the following sequences: a eukaryotic promoter sequence
that is functional in the particular eukaryotic cell used for expression such as
CMV, SV40 early or actin promoter sequences, preferably CMV; a DNA
sequence encoding an antibody light chain and, preferably at its 5’ end, a
eukaryotic secretory leader sequence; an internal ribosome entry site (IRES),
preferably that of a cardiovirus, poliovirus or herpes virus, positioned to follow
the antibody light chain sequence; at least one DNA sequence encoding an
antibody heavy chain, each heavy chain sequence preferably being preceded
by a eukaryotic secreting leader sequence, and flanked by a 5’ startand a 3’
stop codon, wherein some or all DNA’s encoding an antibody heavy chain are
separated from subsequent heavy chain sequences by an IRES, and wherein
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folding of the assenbled anti body heavy and |ight chains to produce a
functional (antigen-binding) antibody in the endoplasm c reticulum
Preferably, the antibody Iight chain will be expressed fromabout 10/1 to
1/1 relative to the antibody heavy chain. [0093] However, |evels of the
heavy chai rworesuspot be de m ninmus, and shoul d be preemwsozsessaffi ci ent
ratios with respect to light chains to enable the generation of functional,
secretabl e antibodies in commercially acceptable |levels. Thus, it is
undesi r abl relative to the
i ght chain ?hg @gmgtgﬁag g@é}r{hess !c:)ﬁr:a"?éésqﬂ ééqﬂé‘néeocoﬁ@n%é’ lDBWQ ds of functional
ant i bodi es seEmthput i3 dermidus. Acduitable I@bale'of Iheﬂ@E&sﬂaHeMeen hegMyeI ds of
functional i.es render.an ex o non-vi abl e,
and makes apﬂigl'ﬁ g%’\')é%“%’lce%@r%(ie@p 1“5‘389%&3’1 tﬁpﬁétch cul tures
difficult 2to achieve. Cenerally, functl onal antibody i s recovered from
cultured cells at an anount ran 100 pic per cell,

bo 0
per day, hd0R88Er Agetaddiereindhery Qﬁ’ @)@EEB‘?& @)ﬁyﬁ%f? Sédﬁ?’gv'é N For exanple

cul tured cepj §ndrﬁ%res|§1"6fe?étﬂy a @Hd @éﬂsnn ap%fé}réacaﬁ@dmn@ﬁt fheprdmaeal  ant i body
per cell each day, or at l|'east 3- /'L for at least 3-4 days. [0094] Wth

respect tois e GAbopemater, ard @éﬂn@?ﬁl‘ﬂ qpruemfr@rmadtaac!mmmsm& a given
pol yci str oy %Fﬂi%nyﬁhﬂﬂlsﬁl}fﬁé %ﬁr@olvtrué ‘RﬁdﬂfstElbé}Féﬂﬁr‘&H%ﬁ Jn’égﬁnﬁ of ~anti body
efativ

production T ther 'expression systens. This unpredictability

ari ses becaligahia BK virusiemost preferebly humae egeapbaldmyesardigis viggsne i n t he
polycistroqhéw_gfnplex may be expressed at very low levels relative to the
first gene % efore, preferred enbodi nents of polycistronic vectors

shoul d pr 0\[0(1391aTlhaunventl\m‘pcnyusitrbnqbyefériaum:ombasas anveptibaedy light ¢chairant | body heavy
chai n expr e55| nwthin th \t%) 3tl éSﬁOG P%‘T%USBZ/ 36856 range of about
10:1 to ab&f° nglseq%pcée ?ﬂdg‘?'@roé 0 antibody pegvy £hain O0NESEaYRICASt o heavy chai n
gene expr esfiwener, golwuamreémutruc&s cdofdiry o ke ﬂwéntibn rﬁmﬁahdd 31brt4 al I RES

constructs were created t tain ap ant %?.JQ 8 chain &ence in the
first cistG95AC SEPENETRTY Off §¥BEIPS, PN, afd Wmef@lh?? heavy chain
sequence pPghhih§ e cér’ﬂ@rhﬁiatéde m&fdnbﬁﬁny,sméfsusiea% ga@ﬁudwﬁméferab@r otein
production to enable suitable |evels antib be produced and

secreted fCOMPAR p@'béIAI @QU?U@QBP@W@Y Fh@(/@frfhﬁ’ 9@“%9‘9&4@@‘?"&%@ vectors enabl e
the requisi I?GHL ffe | SrhRfpol}eidn s bptonky gy Be GX& RIS Biigdtfglpy achi eved by

sel ection pri ate "heavy
homologous recombination.

[0090] In this embodiment, the polycistronic construct will comprise
sequences that facilitate homologus recombination at a targeted site, e.g., gene
that is inactivated after recombination.

[0091] In a preferred embodiment the inventive polycistron comprises one or
two copies of the heavy chain coding sequence dependent upon the
stoichiometry of expression of the particular antibody heavy and light chain
genes. In this regard, it is well known that in polycistronic expression systems,
the second gene is typically expressed at lesser efficiency than the first gene.
Accordingly, in one embodiment, the inventive polycistron, in which the first
cistron encodes an antibody light chain, may encompass a second cistron
encoding two or more heavy chain coding sequences, if deemed necessary, to
facilitate sufficient expression of the heavy chain relative to the light chain. In
general, it is preferred that the heavy chain be expressed at levels which are at
least equivalent to levels observed with non-polycistronic co-expression of the
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chain anti body sequences, by selection of an efficient IRES, such as that of
hEMCV, or by the incorporation of nmultiple copies of the anti body heavy
chain genes. Still further, the DNA corresponding to the 5 end of the
heavy chain gene may be nodified by site specific nutagenesis in a manner
wher eby t hewoaxmdsng structure renmi ns unaltered around pchass@Beseodon,
typically the first 10 codons, but which nodification results in altered
expression of the heavy chain coding sequence relative to an unnodified

heavy chai ene. 97]. The heavy chai ield e subj ect

pol yci str o:}]e ’ﬂpr'bggf"?fi\"s wher eXpressed '"ttB?Jg"&’B? Wk%af%ﬁﬂ UBIRGAPAe |ight chain
yield, as |[§)|yctg@0ﬁ|y§kp}§és|oremtm5| on relationship in an endogenous anti body
producmg cell. The lig chaln | d to heav E |eId ratio will be
sufficient [00923nKis %erﬂ‘isétbéq gnd ifa qe lﬁab'%r%?tmﬁ;ﬁp %‘ qu’}’al'gr‘fo of the light

chain to hey h i€h réhseapamteww.be@yhéé@ybﬁéin%mfs%aﬁaf@gmb% i ncreasing
the nunber o i nked downstream gene " sequences follow ng the |ight

chai n sequeﬂhﬁéoml-lf& inentlpgenoug iastihasiy profuging cellsu|Risparatresprgasior xpr essi on cel |
conbi nati o of second
cistron exgr\égzés/?%kﬁ b;éﬁiugﬁtslﬁéjlnéh?cﬁ%?%%g%tﬁuﬁ]ehfa%ﬁ{nﬁﬁégt g{lﬁe aBP@HQépr essed

ac;:pr di ng tassemblysfjﬂhp@otlbmymeemsamllgl'ISMIBrramh?Xd@e_SIsg)enpamed_heavsan%/hdtes| red
anti gen. a
elicits a tﬁf‘éﬁa{gg\fiﬁ"}}t“g?‘f@g‘% bg@ﬁ%ﬁwa fhgﬁ&g,%ﬁﬁ{@%@ghgﬁ% '%%JS& reating an
aut _onb mgune folumbloamwseérgbled aﬂﬂmdgmavyhaﬂdlhghtg:hemno paﬁpb?aifurmtionﬁl sease. The
ant i body ed.wt t her, ther.apeutic ent r synergistic
effects. n&%“ ﬁﬂd@g niibogy in @Sﬁd?ﬂﬁﬁ"ﬂepﬁ'ﬁ%i"nzﬁe{%ﬁm ﬁ‘ radi oacti ve
source for 4hbiBodd ﬁtdh%ﬂ\c\ﬁlﬂ be xpreeSe e Hibdut 16aa6t/1 RAtiVIExdtRé 048306

PCT/ US02/ 36856 ({yo 00] In general, antibodies expressed according to the

pr esent i n\aPodyheawehaie “used in any one of a nunber of conjugated (i.e. an

I mmunoconj ygeds) %wevéﬁi@@ls%ﬁ&ﬁ’eab%ﬁﬁin must A bE e Yhidimust &y ant i bodi es Of
the present invention may be conjugated to cytotoxins such as

radi oi sot obguldbr@regeatinisufiigigahiatos wityteseecktq lighheratsto esRBIEdRE cal toxins or
prodrugs. @eh@(aﬂ@ﬁ bf"fﬁﬁ%mnélh&ﬁé}gb@%ﬂht?o?iue‘%fm cohiffetcily aBLeptdty@nt 1 on may be

used in a rfonconj ugate ormto harness a’subject’s natural
def ense nedénetd. $hes, itds endesirabie forieg hepvynbaie expressiomto tmatoo lwul arly preferred

et e SR o R 5 L pch e SR o0 Yot e o

radi oi sot offesctiohal anfihoeltesofFor pdiposesodf dnpestrialaility| inadequatk yiglds of t he
functional antibodies render an expression system commercially non-viable, and
makes the recovery of complete antibody molecules from batch cultures difficult
to achieve. Generally, functional antibody is recovered from cultured cells at an
amount ranging from about 5-100 picograms per cell, per day, however greater
levels of expression may be achieved. For example, cultured cells may secrete
at least 1-5 picograms of functional antibody per cell each day, or at least 3-10
mg/L for at least 3-4 days.
[0094] With respect to the above, it is generally unpredictable whether a given
polycistronic expression system will result in adequate levels of antibody
production relative to other expression systems. This unpredictability arises
because, in some instances, the second desired gene in the polycistronic
complex may be expressed at very low levels relative to the first gene.
Therefore, preferred embodiments of polycistronic vectors should provide a ratio
of antibody light chain expression to antibody heavy chain expression within the
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i nvention include 90Y, 1251, 1311, 1231, 1111n 105Rh 159Sm 67Cu 87Ga 166 Ho
177Lu 166Re and 188Re, using anyone of a nunber of well known chel ators or
direct |abeling. Conjugated and unconjugated anti bodi es may be used
together in the sane therapeutic reginmen, e.g., as used in the currently
approved theoeguassoé C regi men enpl oying Zevalin for thecrselsset of certain
non- Hodgki n's | ynphonas. [0101] In other enbodi nents, the anti bodies of the
invention may be included in conpositions that conprise nodified antibodies

coupl ed to drugs, prodrugs or . biplogical regponse nodifiers such as
met hot r exat’%’,‘gea‘&frapgwgr% ,abQHW-?'I &?‘Eﬁg RIRIEFREY: BrcRuS of et é'i‘ef"éfoo_n. “Still other
embodi ment se@ly &Hdh R Pression wEidm about 3Ptbiabeutt e 1use of nodified
ant i bodi es con uaated to specific biotoxins such as ricin or diptheria

t

toxin. In y8Q99)t Heital Rl GPRRTCTS Wate cragtadto sentain aniasyedidliohbshalie conpl exed
w th other s'eHﬂPéHﬁ@'irﬁ@\b‘ﬁ?ét'chétréﬁ.tfbll(ﬁ\/eh'b?%ﬁ@'ﬂ?é@a&ibodggmzb&atﬁhé?ﬁ or fragments

thereof) wherein the resulting nolecule binds to _ neopl astic cell and
an ef f ect ordetsted heayy phaig sequenge pairingsh thesellyensuring sfficjgnt beavysdajnugat ed and/ or
unconj ugat i {4 t i pe and stage of
cancer, usseb(ij%tgm gigj; duuﬁg?r?t{&réggp %Hgtéb(léEgglg‘ot%]rgﬂg@ﬁ@?oaegéméﬁdg?yer nal radi ation)
and pat i entsecretedi franohostcellsni | | be appreci ated that one skilled in the art

coul d readi such..a |l ection in vi . teachi her ei n. 0102
reUsed: ner 8T ThediypBimk b BHLf ek detisdhe EUBSREAR I Real L hae (s
deéri ment alr?_ngfﬁghtmhaigre&websiamtl Uélia\@ﬁ@}eﬂib?_rselbbm oifappﬁbhstealed\(/jWihch may g(l:t V\E) 0
reduce, inhibjt estroy a ce r i gnan en expgsed, t hereto.

03/ 048306 ﬁ&@ﬁ@@@%@@s%e érﬁﬂ%'%ﬁg%'if{’%"oe%%w#ﬁﬂ'&!‘ sBiEtat e not |1 mted
to, radi onWEMEIE or bptHetiRedrpSratiorEoFanulilé §@diés%f%¢éér\t?)oﬁf’hééw1ch_ﬁmt ostatic or
cytotoxic therapeutic agents, prodrugs, |nnunologlca |y active |igands and
bi ol ogi cal 9688 oRdluRhal the ONA cqirasperdingtothacd'epd of the hgavy chain di scussed in

mor e det ai lgehg i belmsHifialsy ditd SpEdfihambereshif a maHret GHERbY ¥hePr ef erred for
use in the’ nstant invention. However, any cytotoxin that” acts to retard or

sl ow t he groeding stsecturgrremaing apeltered areundtherATGeqdgRatypically the firssi0t o el i ni nat e

these cel I'sonntl Wl AN REatB F05halreshelidl dkoldiBoR B Wiral Py der i ved

functi onal es discl ose retn 1s wthin the scop e present
i nventi on. cp@ibg3pquencerdlativedo appnmodifieckbeaviiahainigangr evi ous st udi es,

anti -~ Lumor 847" e gy AN iash thd SurRPNST QIR LRisaRRS have been used
system will typically be less than the light chain yield, as is the typical
expression relationship in an endogenous antibody producing cell. The light
chain yield to heavy chain yield ratio will be sufficient to enable protein secretion
and folding. The ratio of the light chain to heavy chain expression may be
varied by, for example, increasing the number of IRES-linked downstream gene
sequences following the light chain sequence of the first cistron. A particular
IRES and expression cell combination may be selected to optimally increase the
amount of second cistron expression in a system.
[0098] An antibody that is expressed according to the subject expression
system may be specific to any desired antigen. Preferably, the antibody will be
a functional antibody that elicits a therapeutic effect, such as an antibody useful
for treating an autoimmune, inflammatory, infectious, allergic or neoplastic
disease. The antibody may be combined with other therapeutic agents for
synergistic effects. For example, the antibody may be combined with a

radioactive source for use as a cancer chemotherapeutic agent.
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cells in solid tunors as well as |ynphomas/| eukem as i n ani mal nodels, and
in humans. The radi onuclides act by producing ionizing radiation which
causes nultiple strand breaks in nuclear DNA |eading to cell death. The

i sotopes used to produce therapeutic conjugates typically produce high
energy a- ovom/o4gsasti cl es whi ch have a short path | engtaT/uSeesiesss adi onucl i des
kill cells to which they are in close proximty, for exanple neoplastic
cells to which the conjugate has attached or has entered. They have little

or no effec non-1 ocaliz ells. di onucl i d are essentially

non- i ITTYUI’]OQBHI%B]. [IUlq?ﬁfraIN&I’ﬁg?‘ggﬁ)Séqre?sggt%ﬁorag'g IBIIR? RIESENLBYN conj ugat es

i N conj unctrhgbeNided in oy fEmimbenveednjated (D€ aMiiniunedorjuddté)adi es may be
directly | abel ed (such as thr.oqgh i odi pation)  or maé/{1 be | abeled indirectly
t hrough™ t heingeriugtediforme, 47 pPALculan dha antikedigs of thecpresent inveBtIRHMIXes i ndi rect

| abel i ng" agpd cohjigate&Clo |cpteRdxirzg su@rppéé)%ﬁﬁbisbl@f)@s,”ﬁféﬂaﬁéﬁﬁé ageriig! ating agent
is coval entqlxi/ attached to an antibody and at |east one radionuclide is
associ at ed oxfostatic @gentp.hiclpging taxjaner prodiugs. Altemnativelyy thg antibpdigsoft ypical |y

referred t qhgﬁ,agitnLHo&ItIgﬂ r?ﬁég wﬁéeﬁtigﬁ%oﬂgﬁm tedPSr AdREY fwcﬁgffégst he

pol ypepti de an e radi ol sotope. Parti y preterr ating agents
i ncl ude 1 - sobjbctscpatucel odefensel mechanismd do climinate enalignastnicellsperlnaaceti ¢ aci d

" MX- DTPA" I I i e trj i i i " CHX- DTPA"
Gor Twat 1 vera ety DLetafey enffohial Mt @RS nBfeR rbiba™e fle’ | Tt vas.
Particul ar Iqxp}sygijligglﬁgetsrrafbf glgezl/cdrés;gg inivgnt(i)%mdiayebe nabcﬁﬂmi,ismghiambyﬂe ""In and
90Y. 32 WO 03 . L . use rein, the rases
Td T oot | aisCAEON IR BOGIPATaRS®. | AR rainis o UsgBE ACGoRind {oinB "
radi onucl i dgvensorspebe Y, y25pt't'péRed th, 18R, PShe Sy, &fta, I8y, (Tivgi cal Iy via

i I i . M ifically, th i nki t echnol ogi
el ute r el andh, St sl anybhe o pr TRk Of WELKAAWN SheBR of FRdr cace. t he
| abel i ng i ﬂatsﬁnﬁgf._cgsﬁugéte& Bﬁ@?ﬁ%&nmﬂ'd?aie@ﬁarﬂﬂodiéﬁamﬁﬁ'béIPJ@éId’tog%HﬁF'inatﬁet he N

| i nked sugar residues presen on the Fc portion of the conjugates.
Direct | alf@menfergpquticredimen; §.gm s Usedenithe surertly APeEVEY ARasapalict he | abel s.

Various dirgg I i t j n I ; APRLLEBNE W th the
i nstant i nvrgﬁhegn.ghﬁgymge%ﬁ%m%@?g ne?#ﬁ%gg% I%g elﬁl @g teIII'IIgIIIgl ent
ant i bodi es lyraghdmaspr epared by |igand exchange processes, by reducing

Pt echnet Sof0h el brdbBBRAS Hethyno8ke o AR e el o0,

col umm, or ibygompdsitionk #izt comgrisecmbdifieflardibodies coupjed to drugs, prodrugs or
biological response modifiers such as methotrexate, adriamycine, and
lymphokines such as interferon. Still other embodiments of the present
invention comprise the use of modified antibodies conjugated to specific
biotoxins such as ricin or diptheria toxin. In yet other embodiments the modified
antibodies may be complexed with other immunologically active ligands (e.g.
antibodies or fragments thereof) wherein the resulting molecule binds to both a
neoplastic cell and an effector cell such as a T cell. The selection of which
conjugated and/or unconjugated modified antibody to use will depend of the
type and stage of cancer, use of adjunct treatment (e.g., chemotherapy or
external radiation) and patient condition. It will be appreciated that one skilled in
the art could readily make such a selection in view of the teachings herein.
[0102] As used herein, "a cytotoxin or cytotoxic agent” means any agent that
is detrimental to the growth and/or proliferation of cells and which may act to
reduce, inhibit or destroy a cell or malignancy when exposed thereto.
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i ncubating pertechnate, a reducing agent such as SnCl2, a buffer solution
such as a sodi um pot assi um pht hal ate-sol ution, and the anti bodies. In any
event, preferred radionuclides for directly |abeling antibodies are well
known in the art and a particularly preferred radi onuclide for direct

| abel i ng | svaA.B10d830Mi ch can be covalently attached vi aPCymweRissser esi dues.
Modi fi ed anti bodi es according to the 1invention nmay be derived, for exanple,
wi th radi oactive sodi um or potassium iodide and a chem cal oxidizing agent,

such as sodi um aochl orit. | i L. or. the.lik or.an.enzymatic
oxi di zi ng %@W!y’gﬁ@ﬂgo @Sl'idé'fogegebr%g)%ﬁdg el,";['&%utgo qdio '%%?sgmgé}ﬂ%@ ucose.
However,h f@nzyMicaHM?ewmfsabMesg%mwG Pottbxln/thataipleutiq adents, ipmri]in?@;t I abelji ng
approach is genera vor ed. .Patents relating_.to c ators an
chel at or cd’ﬁﬁl‘l@%‘f’%alér ac kﬁoﬁﬁ‘?nid ?We]b'%gﬂqaplfﬁ?pq"ﬁ%t'gﬂ%g‘?rs Us.‘éﬁ P3tent No.
4,831, 175 QitofdRBS OMS W bl distuibsell ih nore Bbtal BBIBW] fadioRdclide cytotoxins are

di et hyl enet i am nepentaacetic acid chelates and protein conjugates

cont ai ni ng Pamisuledynpreferrre fagusedr theyinstapkinveioap diiewevien. any. aytotedR ent  Nos.
5, 099, 069, p t?a%@t@?gtard%r%ffl@(brﬂe Ao%n@nﬁrz%r@@&ivé1cé%or4ﬁ§ﬁg‘ﬁ§nt%m§ow al so

relate to polysubstitute PAChel ates. These patents are Incorporated
herein in tando eliminalertbese celisiand whicthriag decdsseciated twithl the potygistretie| at ors are

et hyl enedi gy ef i i g P et ri.am cetic acid
Corray 1, P BheRAG i ofes s oMo ith B SbERY HERTEIARCEY ' § 5110,

t etraacet i dnwatieh. 1- oxa-4,7, 12, 15-t et raazahept adecane-4, 7, 12, 15-tetraacetic
33 WO 03/ 0483 PCTI.1US02/ 3685 id,. or the |ike. | ohexyl - DTPA or

o DA i SORAL: ; ol BB g raizated Hist dn dr oS sl ARG AR “bel ow

Sti !: OL hegatssmmmﬁ trigaabahe-lg_afelﬂrisotoﬁersqiawdibeggmbe@euc?ﬁeéfufptohmsdwcoxer ed, may
easl e dl scern a SKi ea artl sa na. are Clear wtni.n the scope
o the pr e el IR I TR 28 MPllR| YRR PHEiA A Pal ook IS ¢ he
speci fic biHupaas! omhal ragibRlicNbes aus@,dproueciﬁgmnui iRk IvHidhoBausBs Co- pendi ng

application Serial Nos. 08/475,813, 08/475,815 and_08/478,967, are

pr ef er abl y @iiRle steand:kreaisdn ineledr; VA deading toefl deathy [The dsolopesised s, exhi bi t

i ncreased - = L LT, j e ed: \hb a as well as
greater i ntt{)l/irg\?édécgt @%ﬁp%ﬂfﬁ%fcof\jgé‘?\tgﬁu@?aélg gr?&?%r ggth gﬁ%ggq} ?,eg , B-cell

| ynphona t padiclesiwhich havewe sbort pathHengthi Suchcadionudlidehkill xells o whieh nmay or nay

be. banet | oo 7Tt Ghor PEENE), 5 FoiBl; PRkt (RS HE yhn BE efiod e Thae ™ h
accor dance has attached or Aas Bnte@sl. They have little or no effect on non-localized cells.
Radionuclides are essentially non-immunogenic.

[0104] With respect to the use of radiolabeled conjugates in conjunction with
the present invention, the modified antibodies may be directly labeled (such as
through iodination) or may be labeled indirectly through the use of a chelating
agent. As used herein, the phrases "indirect labeling" and "indirect labeling
approach” both mean that a chelating agent is covalently attached to an
antibody and at least one radionuclide is associated with the chelating agent.
Such chelating agents are typically referred to as bifunctional chelating agents
as they bind both the polypeptide and the radioisotope. Particularly preferred
chelating agents include 1-isothiocyanatobenzyl-3-methyldiothelene
triaminepentaacetic acid ("MX-DTPA") and cyclohexyl diethylenetriamine
pentaacetic acid ("CHX-DTPA") derivatives. Other chelating agents comprise
P-DOTA and EDTA derivatives. Particularly suitable radionuclides for indirect
labeling include "'In and %Y.
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herein, nodified anti bodies may be conjugated to different radiol abels for

di agnostic and therapeutic purposes. Radiol abel ed therapeutic conjugates for
di agnostic "imagi ng" of tunors before adm nistration of therapeutic antibody
may be prepared. "In2B8" conjugate conprises a nmurine nonocl onal anti body,
2B8, (rituwoedisaepeci fic to human CD20 antigen, that ipcTaiStzesssed to "' In
via a bifunctional chelator, i.e., MX-DTPA, which conprises a 1:1 m xture
of 1- isothiocyanat obenzyl - 3-net hyl - DTPA and

1- net hyl - 3] hi ocyana nzyk- DTPA. . Iln s Rarticylarl r.eferred as a
di agnost i c@@%ﬁ omé%liuaﬁé g’%ﬁ%’tﬁs © éﬁﬁéeﬁ"ﬁ‘gdﬁﬁehﬁ&t %nibg'ﬂ?cq#@ can be
saf el yI ?d mapb?bai"embtm r?dsmugwadet ledloabdzlidel i g:bilalléﬂtbyi at&mde% imgd:tlyatgi at;g data is
generally predictive subsequent . 90Y- el e ant.i bo i str.ibution. Mst
gl g St RISy picaRe VL ETEO Hd roSpHE), sHETeeteChiRTings® TEEG se 1 hi s
dose is botdrhhgibgiesNAcIlRS rdrdemeRBEIhg RO sifidiRictddCiaBBIing. 16 WP dtRd W th | over
doses, with optinmal imaging occurring at three to six days after antibody

t .
adni ni st r aCR%Mh thestabelingis disestadiat sPReifiG sifes on theuantibeayy suolpas 8- (1985) and
Carraguil | : : . A | ngrL&at ed above, a
variety of (Hrr]a |%J 3{:ﬁg(‘:figsl_gg(geeé_ggg%ﬁdlggggﬁ%F%i’%tﬁﬁg m%ﬁ%@#ﬁ%ﬁ\)?ﬁ?ﬁn and t hose
skil | ed i nlabelingamay sesltdn ewiti-wericantipoding lisked| byithe tabelse Mdripys disrat er mi ne whi ch

radi onucl i f: : i i i ) or exanpl e,
1310 e o Shelie RN RARLAirb@pas 4R EmpebleUth tho AT IRBRER, £ol . 35"
03/ 048306 [exdrhpie)Zadmebiemiddvelabelledt tetravalent iantibodieserhay be pseparedlBE1 can be
limted by, several factors including: eight-d hysi.cal half.-|ife;.

dehal ogenat"%ﬂ?e@fclh??ﬁﬁ RRLEPesnty | 88 n%B?%ecﬁhHatpﬂic@ %‘H'JH‘ gtﬁﬂ@f’uzft'o?unor sites;
ang eni ss: @?Iuﬂ@?faiéllalrnbstﬂgcﬁe@gecg.tean_aﬁlgﬁ_@ﬂcm’mSeplﬁaﬁlév)\?mﬁl).lmﬁ\/\/éhgh can bfe
suboptimal for. | gcalized dgse .deposition a tupor. th the advent o
super i or - crepie e apBioties S s EBRDR. crb bR iebela terigHese £ Bihel at i ng
groups t o ifuBhtiigSerieeRnaté.cd %@&Qﬁ%bbéht%@@@ &t SACH, 8Dufér sblitlohzRackt her

radi onuclides such as "'In and 90Y. 90Y provi des several benefits for

utili zati o@SighsoqigminetassivabPhibalalsstolutionapl theaantibadies.: R agy ay80k hal f-1ife
of 90Y is | i \ ?;dilggj tu t; nd, unlike
e.g., 1311,p%g%%@q“?dg;ﬁuﬁlggsgﬁﬁw?%b&ggg agfﬂﬁ [ ghégn“é@g%?t‘ﬁ%agcconpanyi ng
gamma i r r a@ndta patticwharlyt prefeged yadignuclidesfor difegj dabeting iiss Suewhieh ¢aobeo 1, 000 cel |

e o R Ry ARG R Wil o A AL o, ol one
i nt er nal i zarvieotiorofaly diectierivednfor leaaimples with tradieaptive sdditior orcpdtassidm| | i ng, and
the local ?orgifesén%a 8II\erﬁi8a io&id?%grggcgngtsiuc 3 Q&Hhrﬁ h%oc!hﬁ)tri ea.llchlfof')armirailcgzj J acent

T or the like, or an enzymatic oxidizing agent, such as lactoperoxidase, glucose

oxidase and glucose. However, for the purposes of the present invention, the

indirect labeling approach is generally favored.

[0106] Patents relating to chelators and chelator conjugates are known in the

art. For instance, U.S. Patent No. 4,831,175 of Gansow is directed to

polysubstituted diethylenetriaminepentaacetic acid chelates and protein

conjugates containing the same, and methods for their preparation. U.S. Patent

Nos. 5,099,069, 5,246,692, 5,286,850, 5,434,287 and 5,124,471 of Gansow

also relate to polysubstituted DTPA chelates. These patents are incorporated

herein in their entirety. Other examples of compatible metal chelators are

ethylenediaminetetraacetic acid (EDTA), diethylenetriaminepentaacetic acid

(DPTA), 1,4,8,11-tetraazatetradecane, 1,4,8,11-tetraazatetradecane-1,4,8,11-

tetraacetic acid, 1-oxa-4,7,12,15-tetraazaheptadecane-4,7,12,15-tetraacetic
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tunmor cells lacking the target antigen. [0110] Effective single treatnent
dosages (i.e., therapeutically effective anmounts) of 90Y-I|abel ed nodified
anti bodi es range from between about 5 and about 75 nCi, nore preferably
bet ween about 10 and about 40 nCi. Effective single treatnent non-marrow
abl ative dosewgpaassod 1311-| abel ed anti bodi es range fromwchakymsesssabout 5 and
about 70 nCi, nore preferably between about 5 and about 40 nCi. Effective
single treatnent abl ative dosages (Le., may require autol ogous bone narrow
transpl ant at | on 1-1ab e from _bet neer about 30 and
about 600 @eld; °n‘Bf’L"‘br ¥%‘?’1§5ﬁﬁﬁ’£%{%ﬁ9%§’fﬁ'§§6 eHigry preferredalid Shout 500
nG. In CoraxymPriﬂearanbhe@ belowresiilCother ddnspditible WNeltbrs, andiliding thesger
circulating half rine antipodies, an effective single

fe vis-a-vis
treat ment ¥8hidBe rdisgousned: MpX %&@ésd'%erﬁ%Ph@ ghilled) amiganand HAfder i c

anti bodi es de%ﬂﬁﬁntﬁlh% %f)%ﬂhe%éht Rvértidnabout 40 nC, nore preferably |ess
t han about 30 . [0 Wiile a great deal of clini cal experi ence has been

gai ned wit riomnl Gempatipieychelatersy inelgding thehenesifig ifunclionsl chelataiaisgdt and have
been used ftc‘?rfaﬁfllﬁ'tc%:acrhela"tlgﬁriﬁp‘EUtp'eﬁ%fﬂé' Bﬁr’fglﬁétlonStSehgl N&erowéﬁhzfé()pes are

used for ima radi ol sot opes
conpati bl e 08i4t75 8t15€anddlﬂ|bt78c967t hee FBfevably) Sélected 6b progite Ui afi6iBs®ri nst ant

670, 77l mesth; oRafi Traagef bisbelCnortfathor 508 pod dpessdel o061 17710

' 66Re 212FBOne 2|ib%l3e asdveficas g:@StBhln 1i0® Rdentibh 3B madidricite aﬂiﬁ@éUsnte%ﬂSAc, 21 ' At,

Compat | bl ¢ g BroALAPRRRatmot Rn: FBREVaE PIRE PTNCHONA GHPBIOT M1 i scl osur e

it is submmiyeer mb@hooﬁ@ssaks bl fltHeBe tch@raci@fistice Gite ®n6waah the gletapd M ne whi ch
radi onuclides are compatible with a selected course of treatnent w thout

undue exper‘\"%?‘h‘?ﬁ lefigigl ip yraordheraby ddi t i onal  r adi onucl i des whi ch have
al r eady beqmoagd Ik rw.n:lansel e lapgredigfasint, I.ﬁwdcyaaaﬂc%mth tﬁe’-?éachﬂ gc, 43K,

52Fe, 67Ga as well as I'n. Antibodi es have al so been abeled with a
vari ety of heg, omdfle@leaj‘t'b@#leﬁ)dm%/nbﬁa@W}&étqdntq sifgeand dradiplepglsoforier apy .

Peirersz e - 7 &ni;'g% di onucl i des
i nclude 1 %é?‘;lno%dc”%i’gg ésa%bh? ﬁh@bse@g}gg%&%ﬁa&?gutﬁcfeé e(r?e goitent uU. S.
Pat ent No. diagnestic7 #aging'v ol binarsl diefdre ragiministration eafatheliapguticuantibodpdi oi sot opes
and is inc her e Y, e . an,:
r adi onucl i g@@%ﬁ%ﬂ?@ﬁc tl:nglr%]glconﬁ{gg{? cg)?ﬁprlsgé)%#rﬁ]élnlar?ncﬁ\%gfohél ar?'ntl[)gdy,

2B8, (rituximab) specific to human CD20 antigen, that is attached to "In via a

bifunctional chelator, i.e., MX-DTPA, which comprises a 1:1 mixture of 1-
isothiocyanatobenzyl-3-methyl-DTPA and  1-methyl-3-isothiocyanatobenzyi-
DTPA. "In is particularly preferred as a diagnostic radionuclide because
between about 1 to about 10 mCi can be safely administered without detectable
toxicity; and the imaging data is generally predictive of subsequent *Y-labeled
antibody distribution. Most imaging studies utilize about 5 mCi '"'In-labeled
antibody, because this dose is both safe and has increased imaging efficiency
compared with lower doses, with optimal imaging occurring at three to six days
after antibody administration. See, for example, Murray, J. Nuc. Med. 26: 3328
(1985) and Carraguillo et al., J. Nuc. Med. 26: 67 (1985).

[0109] As indicated above, a variety of radionuclides are applicable to the
present invention and those skilled in the art are credited with the ability to readily
determine which radionuclide is most appropriate under various circumstances.
For example, "'l is a well known radionuclide used for targeted immunotherapy.
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invention may be conjugated to, or associated with, any one of a nunber of
bi ol ogi cal response nodifiers, pharmaceutical agents, toxins or

i mrunol ogically active ligands. Those skilled in the art will appreciate
that these non-radi oactive conjugates may be assenbl ed using a variety of
t echni ques wiepagtosig on the selected cytotoxin. For exanrpise/ecssonj ugat es
with biotin are prepared e.g. by reacting the dineric antibodies with an
activated ester of biotin such as the biotin N-hydroxysucci ni m de ester.

or asence. of e gﬁ\tre gl yErfinets 3 e e b5 solH BB Pt i on i

an i sot hi oG gﬁi&:ﬁlfr%lfﬂihi velidiogengtinaf ibdinatat antiBsaybi B-théBlbgigat es of the
tetraval ent antl bodi es of the invention with c;rgost atic/cytotoxic

subst ances 3gf@t Qs Sites; and tesussighecharactarislicg (B.9. derge SammayenrdpaRgtler . [ 0114]
Preferred qgfRiEn fge \%bbﬁniapf& iaeaugéﬁ@éatdelpaémdﬁt.h QRurRbe wuﬁ ﬁ& g&v&tdr ugs,

particul arly thos are use or cancer therapy. rugs include, in
general , cy)f sinesior chelajing gents| thg lopparivgituige ﬂﬁ@hlr@memf‘@lﬂhg geups

anti -prol i § bR AR Rt ) 080 PaglipERSDRSE o1

ant agoni sts at’ a are conpatible with
the present'Imvend i 6fv.36 V%(O3¢rﬁwséﬂ)63%1’dlumﬁt@85©rl rutilizatien aliky| at i ng

subst ances,_ _such as, nechl.or et riet sphoram d

cyol ophos piaaRu RGP AP neiicht P BEEPT LI BREPRNER IR o

triazi quonellovalantibodytacosnulation by taneos rand, umlkere@s“’ls:&’fvmssd pore, bdt@nust i ne, or
senustine. O her_ preferred, . cl asses of ,cytotoxj ents i nclude, for

oxanpl e, 1 REVEROHAIGH SREMEY Wi B AGooMBRNYIIG G7Nma WAdEOtA 1S CREVOVEN 41 ani 1y of
drugs, the réﬂdeQHY%u@Sof 10 % bb@@%l%lﬂr%ete@q:lﬁm&ﬁﬁ&é'tﬁe ’ﬂﬂﬁﬂnﬁp&h@lﬁ‘ﬁ t he
pteridine famly of &(ga nenes, and @J) 8&\} Particularly
usef ul mer%el?@etﬁt'"gh t'@f‘a@ qucp'ﬂfﬂét'e"f "@&'ﬁtfﬁ:"P@ °fa “aheled ne,

car m nomy Cigfiinodt3 AGMitEHal, TntéHaRARHY f IDeled SRBOUP IsCid rediifed R e8| 1

met hot r exat e, opterin, mthranycin, StI‘ERtOI’lI grin,
di chl or onetdiiser ematre loesl tem@s@nmofoomznea:radlaﬂnv@ ould bedgthai fouagiacent

5-fluor our?&h rce 4|§Mdptﬂ%%%et e"ﬁf ur, 6- nercaptopurine, cytarabine,

cytosine a I NOSI oxin, or podophyllotoxin derivatives such
as etoposi de11d] et dfffestiveesipglesieatment dmagpha(ian therapmltiaaltyi effectivé ncri sti ne,

oSt 0 bR 57 Vo0 RS AU e T P 30035 g8 s e
cyt ochal asiabol®, 750n@iyingdrd iphefErabiit iutwikenraboud td ded abomt40naci.t Effertiosi de,
single treatment non-marrow ablative dosages of '*'|-labeled antibodies range
from between about 5 and about 70 mCi, more preferably between about 5 and
about 40 mCi. Effective single treatment ablative dosages (i.e., may require
autologous bone marrow transplantation) of '*'I-labeled antibodies range from
between about 30 and about 600 mCi, more preferably between about 50 and
less than about 500 mCi. In conjunction with a chimeric antibody, owing to the
longer circulating half life vis-a-vis murine antibodies, an effective single
treatment non-marrow ablative dosages of iodine-131 labeled chimeric
antibodies range from between about 5 and about 40 mCi, more preferably less
than about 30 mCi.
[0112] While a great deal of clinical experience has been gained with '*'l and
%Y, other radiolabels are known in the art and have been used for similar
therapeutic purposes. Still other radioisotopes are used for imaging. For
example, additional radioisotopes which are compatible with the scope of the
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col chicin, dihydroxy anthracin dione, mtoxantrone, procaine, tetracaine,

| i docai ne, propranolol, and puromycin and anal ogs or honol ogs thereof. Al so
i ncl uded as suitable cytotoxins are maytansinoids. Hornones and hor none

ant agoni sts, such as corticosteroids, e.g. prednisone, progestins, e.g.

hydr oxypr ogestxnene or nedr opr ogest erone, estrogens, e.PgI/US02/36856
diethylstil bestrol, antiestrogens, e.g. tanoxifen, androgens, e.g.
testosterone, and aronatase inhibitors, e.g. am nogluthetimde are al so

conpati ble . with.the.teachings herein. . NR%,e s, PRV 5QUS skilled in
the art may"YR0ENVEALOR @ﬁgd%%tﬁ%a?ﬂm?étst& thhe 'de i'r@ ' cOfpo in order to

nmake react i"tBrs 8'wb, Eat F7spnitm) it ogpiZes, e vEIHEe 1PPh oFRIuiPlas €€°RY, prepari ng
conj ugates . of the ipvenfion.,J 01 e I f partic Iy preferred
cyt ot oxi ns ngPrpir]?Q!einﬁé-rr%g?@ 1(())%‘-'_"» gﬁ%’i‘%ﬁ?%és _ f_gztsﬁ“e zgﬁécﬁ"@;%%'-aﬁi‘l y of

anti - tunor yaatddpbiiditita, gatrla sHdkta eRlitter$!SRMICEIMpaBBIB Hiththé iindtar’

dynem cins. These toxins are extrenely potent and act bK‘ cl eavi ng nucl ear
DNA, | eadi rfiyentions diurthgesdn view of thiscisglospiresit is submiitied thatieineiskileghingBe cl eaved i n

vivo to gi [ ' ; A& ' ' f s, toxins
such as ca?é:ﬁc e%e%?ﬁf&ééé@rgﬁé’a%hl& ns gﬂ@%ﬁ%@%% lggﬁgzl%g%gag%ﬂ US02/ 36856
enedi ynes a&oersemfl treatmértcwithesit whilud esperineentationi alé fhisendi additiongtni c. These
non- pepti de_t.0x| r ] -1 1 nk t.o t. di. O .t et kaners by
Fechni ques APAIEHRes WA AR ABbadf hed) o R M Ba P eBisdhr bt “Lnt s boi es
Fmdk ot her 1??QI9&mJI4%}|e,.52FkI§j§®a,ISP@Agia‘sgwﬁl&@bﬁ&?lmgiAﬁﬁbodmﬁ' I hale sisd deepeci fic f

i nkage vi a the i nked. sugar resi S present .0 on the Fe portion o

t he const riﬂe@d gﬂN&h a sYqrigt di‘?feé?cg‘amcﬁ i ﬁ f rfé’ct?m'ag dnt F?ége&ﬁ@ant age of
redutci ngttmanggsltgéﬁkg. Pefrér_ezbslanoh%:r{mdéa%a/t Bio|. Bbﬁhi-rzg ('1981){ org@&éi es of the
constructs. [ > S Previ,ous uded t o, ati bl e cytotoxins may
conpri se ar?ﬁg'%-ﬂ.\%ﬁs {“ﬁ&'d%\égﬁetﬂ%ei ke ?ﬁé”et"eﬁsm?g‘gféﬂﬁ’ u&u fbadpssero a .
precursor Qhteer iyt Patent NdnS?ieo?lsspb@(/iH@@%HitiGﬁél'déta?l?éagaY&né%élﬁ ance that is
| ess cytotoxic to tunor cells conpared to the parent drug and is capabl e of

bei ng enzyredioigetppes anskis ingpepgrated beseindyrefgrangéo the nore active parent
form Prodn C k: : i 4 I : e not limted
to, phosphzﬁ e- Ao%ﬁglﬁgﬁﬁ%{)ﬁﬂ%&ﬁ' ﬁ%:f%lg@% ﬁgﬁﬁdé%ﬁ%féwrﬁ%ﬂtpr odr ugs,

sul f at e cornventiomuaybe donjygatetopor atsociated iithj any qmesd aungmbepef act am

o7 ou uge. TR Ban R ek B e SRS TRBRABHART: sor o
5- f | uor ocy taetveligands) dTaisb akilléd inlthoard willi apipreziate that thgse hdratadizaistivee convert ed
to the mor %oﬁ]ﬁéz‘at\ése may be assembled using a variety of techniques depending on the

selected cytotoxin. For example, conjugates with biotin are prepared e.g. by

reacting the dimeric antibodies with an activated ester of biotin such as the

biotin N-hydroxysuccinimide ester. Similarly, conjugates with a fluorescent

marker may be prepared in the presence of a coupling agent, e.g. those listed

above, or by reaction with an isothiocyanate, preferably fluorescein-

isothiocyanate. Conjugates of the tetravalent antibodies of the invention with

cytostatic/cytotoxic substances and metal chelates are prepared in an

analogous manner.

[0114] Preferred agents for use in the present invention are cytotoxic drugs,

particularly those which are used for cancer therapy. Such drugs include, in

general, cytostatic agents, alk)}lating agents, antimetabolites, anti-proliferative

agents, tubulin binding agents, hormones and hormone antagonists, and the

like. Exemplary cytostatics that are compatible with the present invention
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cytotoxic free drug. Further exanples of cytotoxic drugs that can be
derivatized into a prodrug formfor use in the present invention conprise
t hose chenot herapeutic agents described above. [0117] Anobng ot her
cytotoxins, it will be appreciated that anti bodies can also be associated
with a bi otwabamwsgsaeh as ricin subunit A abrin, dipthemcausmasssss botul i num
cyangi nosi ns, saxitoxin, shigatoxin, tetanus, tetrodotoxin, trichothecene,
verrucol ogen or a toxic enzyne. Preferably, such constructs will be nade
usi ng genetic, engi neering te iLques th al l ow for_direct expression of
e e AL
€ associ attegthyerigpho ramide,l | i¢s, Olfosfamide) esetikbrambueint 1 on
conprise cytoklines such as |. hoki nes and interferons. In view of the
Cnstant di SUSHlARy dnelphalan i FFRTANe; [P0 NEREOWRS | FARPAUAGE nBu 85 ¢ oul d
readi |y fordrfiuktiie CRNRISHNGt &r S&miEing ONORYr | HBfired t @54¥RE dsieSytotbMd 18] Anot her
cl ass of conpatible cytotoxins that may be used in conjunction wth the

di scl osed @gensduiuse, tor exaraplpobe gathracyfling faminef drygs: theeyinaacalikalaidet i vel y 38
WO 03/ 0483 / hi ; i ! cells. Such
drugs enhaﬁggﬁﬁ#e&%ﬁéts?@?wblﬁ %,Ctﬁié’glr??:@y %‘ggﬁg‘é?g‘f F on, tF@?@E'&?wﬁ%cr easing the
ef ficacy ofpterigiiedamiy afdrugshdiyaenéspantythe podpphyletexinsit Banticllaryausefy t he t unor

cell would iver r adi it r C e
" adi osensi (TGNSE " e AR Re, WL pRRHE e sEIRLE, 1 nicea
nodi fi ed ardauhardbiein Wqdduhobrgcin),eardegorgbiciak| yarhinoptetile rhethotrexatepcal i zi ng t he
remai ni ng radjosensitizatian agent .in the target tunor and proy di ng
i mal  aptERBSRAT gAY P SEPonipth, AP R GHauskaR: aEmBIN Ko bl god.
adj unct  r agtisdr&irADy VsoHirdmyeinadns-nusibeaell i floxundinef t fiorefar,ways: 1)
external beam radiation directed sg_eci fi cahéﬁ( to the t)LéﬂITDI’,, 2)
radi oact i vi'??fc‘?ﬂt?%'ﬂfy FYBIakRee d ViR ‘Pﬁe.a’?ti?l C?%r podoptMipioxine or
radi ol MuUNgoaepitoxht Befiviives nguch 2k eblopssiddt b @bposite PRbSPMateR! | Y
attractive variation of this approach would be the attachment of a
t her apeuti ' ' i b > thereby
h i dnelphglasy, yipblgpline, ¥intiding Jayresidingi indesine; leninstecsndibatke. thereb
provi ding tdif BloRiRE &nt fard B8 ptB Bt & PeteirCinbl Ixgg! e drug.
[0119] V%et%!erog%r?%ﬁoto tﬁe ééiaécﬁ(ggg% %ur{cwgn%cﬁ@ﬁ?i %Fglgfeé ug? gd_xgs’ed in a
conj ugat ed taxanancydoghatpsineB, framigidin tD,véthidiuye beapyides cimatiod, tenaposideraj or
advant age e i i LS ility to Us ant i body
constructs 1 khkﬁye&égﬁg r eés@grge'bat% R’g%t Sr]hat"o?g ﬁ@%‘*ém ﬁ?"? 'Hg's geﬁ%ﬁger’e
under goi ng,lidocaireq \peopramulie) gruh puromyfinrant anatega or déemologh thereofadAlsd her apy or
chenot heraqxdud'légags 'stitable cytotoxins are maytansinoids. Hormones and hormone
antagonists, such as corticosteroids, e.g. prednisone, progestins, e.g.
hydroxyprogesterone or medroprogesterone, estrogens, e.g. diethylstilbestrol,
antiestrogens, e.g. tamoxifen, androgens, e.g. testosterone, and aromatase
inhibitors, e.g. aminogluthetimide are also compatible with the teachings herein.
As noted previously, one skilled in the art may make chemical modifications to
the desired compound in order to make reactions of that compound more
convenient for purposes of preparing conjugates of the invention.
[0115] One example of particularly preferred cytotoxins comprise members or
derivatives of the enediyne family of anti-tumor antibiotics, including
calicheamicin, esperamicins or dynemicins. These toxins are extremely potent
and act by cleaving nuclear DNA, leading to cell death. Unlike protein toxins
which can be cleaved in vivo to give many inactive but immunogenic

polypeptide fragments, toxins such as calicheamicin, esperamicins and other
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the beneficial delivery profile (i.e. relatively short serumdwell tine,

hi gh binding affinity and enhanced | ocalization) of the dineric antibodies
makes them particularly useful for treating patients that have reduced red
marrow reserves and are sensitive to myelotoxicity. In this regard, the
uni que del iweopsgsoofil e of the functional antibodi es wekasiesssvery
effective for the admnistration of radiol abel ed conjugates to

nyel osuppressed cancer patients. As such, the nodified anti bodi es are

useful in a gate ﬂr éi ?n# ugah t ed for | atl ent s have

previ ous| yeﬂﬁ % séﬂﬁ JRYECHFRYART 88 S3RER '%lg é’Qt'@FWQPg%% €F%di ati on or
chenot her apgn- pbgl 120 Jtoxire a‘ryncﬁenﬂealy linkdd h@dihes dmadusﬁdetaéfﬁa%dbvpg to the

i nvention ma ind to a tunmor specific orgtggﬂgr associ ated antl g an

anti gen exR&8igues Which sawbeanPrevipysly yseddo grocionakantidodies B“‘éel I s, a

i | t | "
;“n(r:?u dZnTI 9)9{7&5 n%lé%ﬁfé%e"lhéée lﬁfmriggééhnolc@resﬁ&ltﬂe%é%géélﬁc Ilrﬁ‘dbé @E tRe ant i ,geCDBO

CD86 and Citinked |sugaar rpslétﬂ@rpreaerﬂgvntmmtb/emmthwsgmtw@wu@mod| ment of
the inventi . id b0l } S : a T cell
or B cell s@%% as %h&%ﬁé{tg%é&a@é @%a%a"f'@i%“ %WO?S%#@X CD154. In
anot her preffea:tseﬂindxagmdm thermndimgwproaemémwe consttuctect ed to a cancer antigen
such as ate.s 2. adhesi ve

nol ecul eCEA'?ﬁ% 2‘8 Vﬂ?"‘%@a%}“%?d t?h%qng%?%ffﬁﬂ%@xgg M?HPH%R@&@ chinmeric
anti body. A3 ysed themsin, ahe tdrine‘prodtugd cefgrsitaa frecursdriorederivativedorh e efda or chineric
o T ARt i ot e ol B SRR, %
cells that uch as B

cel | | ynphenpsrentitiiug be&(i%rﬁaaéble o Mﬁga@r(zwnat.éawa@thb@ardr@omhbd @0 antibody
that has been approved the FDA for treatnent of non- Hodgkl n's | ynphonma.

[0121] Tagihempe %*lV%H@rP@'efﬁmﬂ hBodrugsicreRAtiewita theJayesiien Bsleel B numer ous
human cancefe o Qi " b, dbr%aﬁéta%oﬂanﬁsrﬁro&@g§t tHidpho§ a@é@&ﬁaﬁm%pancreat' <),

and reproductive organ assocl ated cancers rostate, ovarian reast) as
wel | as otpmirugsarsul&te dontgining prpdaeigs. peptida deantaining: gkodsugsc d-lectamel | ynph node

1oL 25 42 cphio el SN St ey R el oSfenn adS) (007
at., Oncol or oBﬁqmaIIyB(sﬁh:stlttité&@hé@la(cﬂ&ﬁﬂd&—cohtdmmyhpraﬁtugsl 5-flubrticytosine Bi ol .  Mar ker
520 e 2R o e o SRR B R e 1
been repor icp@tokie free drug. Further examples of cytotoxic drugs that can be derivatized

into a prodrug form for use in the present invention comprise those

chemotherapeutic agents described above.

[0117] Among other cytotoxins, it will be appreciated that antibodies can also be

associated with a biotoxin such as ricin subunit A, abrin, diptheria toxin, botulinum,

cyanginosins, saxitoxin, shigatoxin, tetanus, tetrodotoxin, trichothecene,

verrucologen or a toxic enzyme. Preferably, such constructs will be made using

genetic engineering techniques that allow for direct expression of the antibody-

toxin construct. Other biological response modifiers that may be associated with

the modified antibodies of the present invention comprise cytokines such as

lymphokines and interferons. In view of the instant disclosure it is submitted that

one skilled in the art could readily foom such constructs using conventional

techniques.

[0118] Another class of compatible cytotoxins that may be used in conjunction

with the disclosed antibodies are radiosensitizing drugs that may be effectively
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possess therapeutic efficacy in treating such cancers. [0122] The DNA
sequences encoding the antibody |ight chain and heavy chain(s) nay conprise
an intact or nodified variable region and constant region. The constant
region is preferably human. The vari able regions nay be of primte origin
or of rodewoavuggna, and nay be hunmani zed. Prinate var ipablusoz/3688¢i ons nay be
of human origin. Rodent variable regions nmay be, for exanple, of rat or
nouse (eri ne) ori gin. As noted, domain deleted constant regions are wthin
the scope @ oBt resent. nven Ant i

characteri gf ?‘3%9 URQRP 'ngegta'%b@%;é@hfqrﬁg% nEFe & 8§'F‘ﬁwé°wel | known

in the art joniirkf Rtiagsh, Qiﬁd?@tw masngmaﬂ@cyiwrammml Ofn @htibday i bodi es t hat
recogni ze CD22 or e nost Ereferred enbodi ment, the antibody will

speci fi cal CGniLgaR "@Q@'Ze@\géﬁhwrrﬁe toplggliver the, sadiosensilizey NgATEr conpri se

heavy and lpdriucelsi wﬁeref réd'&eﬁéiﬁiah@r@'mddld U rfﬁQmﬂQl V\DTﬂél %%39&3
PCT/ US02/ 36856 ( Rl TUXA Phar maceut 1 cal % CA, USA), as

di scussed waﬂnoqeowtnzeekrﬁqegm@pdlfgdgntltmgtegmoutddze C|®'$BWIQW1’OTE 6; and

5, 843, 439. tion are

di scl osed |dr?é@® tﬂé’ %ﬁa'n'ﬁ%oéﬁ&%ﬁﬁ%{'%%n?%%?\aarblaqwjn?r é%\?&ﬁ% S. Patent
No. 6, 011, h3dd@mabutae in(roDRd!)tissuas. SAftdPaapmid clebkancd frairh3h& dotpadmbér son ( CD80) ;
and U.S. Pat 01, 358.. . l.ack ( 4) . The anti contents of these
patents ar iaﬁ‘ré}f’%’%@ iw?%@r%%ragﬁ"ér}'i&&ﬁgr@ioﬁebﬁé‘%eewgﬂ e. f’ﬁ%rgﬂl] Pﬁ"?hough t he

[ nyent3 : on]c hadiation eitedtéd spe‘clfaél@dcl)tl‘_teithmpi, agraarwi:ﬁwymﬁamy irhﬁlantémlnethéi onis

sui tabl e r ex sing .any,.nmultichain proteins that wou not . conprom se
t he vi abi | S‘f oqe si eq'i‘fﬁ g prppylggtﬁéhe §3ae faég?t@g(ﬂng?‘?ﬁj& ne products
of the fi r%bteaﬂsll samsélvyﬁat@hsafrtﬁmamchw ibecthBYatiabkhemséfng t he number
of subunits foIIovmn irst cistron. Thu for exanple, two or nore

ci strons, é"éﬁfﬁpeé%o@gﬁﬁoioﬁé é‘hn@edé%q'qséﬂs'b?@ﬁe "B'F‘Bmﬁ;“ﬂlugﬁtﬁy therePyicor por at ed
into a mul U Bl A9y EBR oBAIAG Bt 1 il shepignce | he absol ut e

anount Jeptl i red gene weve each successive

ci stron 1180 N\g\qtmﬂ; of netdhe dlsglps%fun@tgwnélrﬁmu@d@ﬁ aeiused i oduct s, if

desired. e foll ow ng
non-limti nga]‘é%}w& U&KRE%%E@HNF@%?H %/{cﬂlag OaicIS c Bﬁﬁa%é;presm on
vect or was ot thegreseot iedendion v the abilitydo use these ant|body constructs in

myelosuppressed patients, especially those who are undergoing, or have

undergone, adjunct therapies such as radiotherapy or chemotherapy. That is,
the beneficial delivery profile (i.e. relatively short serum dwell time, high binding
affinity and enhanced localization) of the dimeric antibodies makes them
particularly useful for treating patients that have reduced red marrow reserves
and are sensitive to myelotoxicity. In this regard, the unique delivery profile of
the functional antibodies make them very effective for the administration of
radiolabeled conjugates to myelosuppressed cancer patients. As such, the
modified antibodies are useful in a conjugated or unconjugated form in patients
that have previously undergone adjunct therapies such as external beam
radiation or chemotherapy. '

[0120] The functional antibodies produced according to the invention may
bind to a tumor specific or tumor-associated antigen, an antigen expressed on
specific cell types such as T cells or B cells, a viral antigen, a bacterial antigen,
or to a parasite. Suitable antigens include TAG-72, CD4, CD11, CD19, CD20,
CD22, CD23, CD37, CD40, CD45, CD80, CD86 and CD154. In a preferred
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the invention, expressing the heavy and |ight chains of humani zed anti-TAG/2
anti body, which is denoted as HuCC49. A. Expression Vector Construction
[0127] The expression construct, depicted in Figure 1, conprises the nouse
bet a- gl obulin major pronoter (beta), situated within the construct so as to
drive the vexmwoassé on of sequences encodi ng the neonycipoT/obR3pd3et r ansf er ase
gene. The neonyci n phosphotransferase gene, which is of bacterial origin,

i s conposed of two exons, N1 and N2, and contains an artificial intron.

Met hods of intron nsert,i rs designed to enhance
gene pr odu@f"bog'ﬂﬁntgfth%ﬁw?rﬁt'ogxg@e@gﬁéﬂgf @E‘nggg\i@ {OERE*RIEESH BT osed in, for
Patant No o G ot No kb A o N0

at en an . S. Paten .

6, 159, 730, CQ1I5 t & agsither pﬁf%"%?'?’{’%‘l\l’gﬁ'?ﬁ {heraptibaay ds;dife Pr@cehat ent s are

her eby '”C%ﬁt_fé'naéu%ﬁ'aB@Ew Prdawtéeée%if@%ﬁgenTnER@?rwz;ya aphdrct ed is known in
|

the art for S suitabili ﬁfor treating solid tunors. A high | evel of
ti ssue penddhesive malerue, el hp@etlbwy&fsmlcq Maype adumap| hymanizgasiorcel | s, and

therefore thimerdRhti ylrﬁ"@é}gél?ar @R¥@infiodds még} B&%ﬁgﬁuﬁé’rﬁgﬁhahgba ofi fe within

serumthan I's seen w agment s. el eted construct used in
t hi s exanplchimeriataativadyishecifitioRRR0RInAG-12.n6B R isaEnantigen axpresseddonai n i n

whi ch t I t f th
flrst m ne SHR S 1 s S allp B TpRERER B ERr dtbrtrd TR SR clioun
in Figure lymphohias\anddeukbmidsi Rituxan@is eafhlméwc anticC20 antibpbpthabhkds ansf er ase

expression cassette (N nd within th intron.of th neomyci n
phosphot r aREeR ARRIBVESERY e‘?"FgDNE%ﬁ%a(ﬁmﬁn RPArKlo rl?' REYEPREMBr i gi n of

replicationg Cgo)ra?m'@&\ btidehithat iSrnowRRb bé%bér@ibr@iseﬁft@ RRIr6ES| on construct
(vector) in | owm ng transient transfection.” Thereafter is

| ocat ed an huerp caresrsincliding digestivesrancers (gpstic. adlefgelat eanapationpandest , which in
this case & Odl.' e ?@Qh QQéHcH?e(P ) (6:%&’{?@§vaéﬁhr§rreaét2a§ g gassette is the

human cyto ronot er rives expression of the
pol yci strontmrcamemqnogudmeagnr@ )anﬁﬁg@%@@cewmd Ivnphexsiege in thi's construct

cequent al TP aeies B8] oA Galbhel &, el REY, UTF53-96 (2000 Marall 7T | Sater
(L) / HuCCA49 et aIgIﬁancet‘r&omeNaadlbhm'n( ‘lﬁﬂ)‘ I03nh51 (mppKaMtahnOnQdKappa)/ | RES from

the  encephal ogu0qa5dbh | ot Afendd Bar) YN BRE MahdI 815 fdy | eader

(L)/ HuCC49
(2000) and Altimissi et al., HNO 38*10): 364-66 (1998), all incorporated by

reference in their entirety). Anti-TAG-72 antibodies have been reported to
possess therapeutic efficacy in treating such cancers.

[0122] The DNA sequences encoding the antibody light chain and heavy
chain(s) may comprise an intact or modified variable region and constant region.
The constant region is preferably human. The variable regions may be of
primate origin or of rodent origin, and may be humanized. Primate variable
regions may be of human origin. Rodent variable regions may be, for example,
of rat or mouse (murine) origin. As noted, domain deleted constant regions are
within the scope of the present invention.

[0123] Antigens that are characteristically over-expressed by specific cancer
types are well known in the art. Preferred embodiments embrace the
expression of antibodies that recognize CD22 or CD20. In the most preferred
embodiment, the antibody will specifically bind CD22. Even more preferably,
the antibody will comprise heavy and light chains of the antibody rituximab
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heavy chain variable (VH)/human gamma 1 CH2 domai n del eted constant region
(CH2 link GL DelCH2). The Ig nessage is followed by the bovine growh

hor nrone pol yadenyl ati on signal (BGH). Thereafter is situated an expression
cassette for a dihydrofolate reductase coding region, in which the nouse
bet a- gl obiwo osg4gsos pr onot er (Beta) drives expressi on ofpctrhgodsss ne

di hydrof ol ate reductase gene (DHFR). The DHFR sequence is followed by a
bovi ne growt h hornone pol yadenyl ati on si gnal (BGH). 42 WD 03/048306

PCT/ US02/ 3 | owi t d f
t he neowc?’%ﬁw&g% E%&ESQ‘@E%'; Bics gﬁ ﬁ#A) ?ﬁpﬁcuﬁs@d?’g ‘?"gwegxg; ? he
SV40 early ex%blléag@ﬁa%n't RBs. 3, t521 376 5Yr6,456 badls BWSQtBbeEié?ﬁpléé &0 contains

sequences requl red fo pllcatlon In bacteria, including the col El origin

of repli catsuéﬁbl%lﬂﬁi'bpﬂ'@s m,rtuge vm@emg@owﬁélspbs%wﬂés PaleptiNg.1 | in resistance
A 01 | ) t df ATCC
(A) . LOLElse T EMand & AACERIL 3! MEW*( 5319 38?(2&) gp@qu@ ai ned from

(VR-129B Entephal onyocarditi's stral n: a viral particles
were di srupt écPaiemt N0, 6} 1931888 ta Andarsero@@Da)iand U.S. Patentdda. 6f091,3580! at i ng

single sty he Al : it S a e | RES region
Wi t%i n t hég\%?gﬁd%éeﬂoJE.%BY@@@%%%W%%‘Q?@ r?ﬁg@h kﬁgrpépr%%é]fl cation gf

t hat cDNA hemnppre‘ferenmﬂ in order to anplify the DNA, as well as to add 5
and 3' end itabl e |nsert|o et wee avy chain Ig
codi ng domit" Roiah e g nas best JhSFed ighadblodies e ha | oht chai n
i mredi at el Ynvehii¢h |sts0|tétil‘€for é%smﬂ‘éhgﬁﬂ@néﬂaidbtﬁﬂeﬁ@tthaiQvo%ld wRsi tion 834-836
(Genbank accessi on nunber NC- Q was used as the start codon for the

synt heti c [FempiPrisRihg iabiiheof thelipammatian celhihesis. dhedatioofitheaene er at ure
i ndi cat es tphgfucts'o bfe fﬁf&t'é?:ﬂ stbcdsbive eiaﬁéhgrﬁa@bélganefdr@rrﬁcrd%&fhbeam of the IRES

woul d be less efficient than the upstreamopen reading franme (translation
initiated lﬁ'y"'@e" fmubunitsdeliowing the firss cistsen. wEus, fonexamleéwo O (NtFe t hat the | RES

and heavy cigbhs %%&H‘Slﬁ%gﬁmg gé‘kaﬂngﬁeé#é@ %eﬁ?bf‘cﬁlul% Fn*énhrBetn#b%rpo\‘&E Min | and

Bgl Il sites were Int downstrea e Ba site ollowng
di gesti on ito b nEdédistionicraxp @ssibh vectohia ofdeag)mhanc@meabaoln@ arheunt RES and

heavy chai S and Bgl
o ves BhEORGe HROUIEE By FBUESIRT R oo BTl BRaMirll cna n- Res-
heavy chai following-the firsy cistnari may é'mrmdad!tktlhctcpmdnktstiﬁdesmdond heavy chain was
[0125] The invention will be further illustrated by the following non-limiting
Examples.

EXAMPLE 1
[0126] A polycistronic DNA expression vector was constructed according to
the invention, expressing the heavy and light chains of humanized anti-TAG72
antibody, which is denoted as HuCC49.

A. Expression Vector Construction
[0127] The expression construct, depicted in Figure 1, comprises the mouse
beta-globulin major promoter (beta), situated within the construct so as to drive
the expression of sequences encoding the neomycin phosphotransferase gene.
The neomycin phosphotransferase gene, which is of bacterial origin, is
composed of two exons, N1 and N2, and contains an artificial intron. Methods
of intronic insertion of selectable markers designed to enhance gene product
expression in expression vectors systems are disclosed in, for example, U.S.
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made in order to conpensate for any inefficiency associated with internal

ri bosone entry. B. CHO Cell Expression [0133] A plasm d containing the
expressi on vector expressing one heavy chain utilizing an SV40 enhancer was
transfected into CHO cells using both a 43 WD 03/048306 PCTI US02/ 36856
transi ent twaesmigsed i on protocol as well as a protocol desiugeesdsso yiel d
stable transfected cell |ines having high expression capability. These
transfections were perforned in parallel with conventional expression

(G- Li gt Paiat) RocabPtl,PES el e, R 728 S PR E S0P BR e That o

appar ent diahfl &.8.ReentNoc 8152330, to RetfeTte entifsseontentsiol dighpthiesduct i on in
heavy chain transl ati j i i

n.as a result, of neffig¢jent |IRES fungti on was
Hotent od . RaleBIRATR BEPDY KeOmREALEH Hekin Ryrelorice; KDERTIRABY SEPOBAL 1 oni <
construct kﬁoﬁ%‘mﬁéﬁﬁféﬁs%&%tﬂﬁ?fo?irﬁ@ﬁng%ﬁ&tuﬁ%eﬂﬁ@ﬁ lewd oft'iHs@éeSt cont ai ned
in first and subsequent cistrons in satisfactory amunts as well.

Exper i ment Hepeitation irowauiradin ofdes isaftashealid tiuner cellp@ad sharploratd@nst ream heavy
chain gene, hf'bc}dg%hgulﬁ hatd 9 éiw%@rférfg{epﬁél b WithinSlefunt fah @5 &M wilkp t hose

obt ai ned usi ng conventional non- CIS roni c expression systens, as
di scussed Irab éﬂgmbeﬂso(/[/he ExrniRLdeleted constmet uaed inrthisfexainple dastainsttbeit Cel | Li nes

[0134] The C . ] i | e encodes the
hodi 11 ed n AR ST heays tRER BRh AR Mk T SRR AG 72 pr otei n.
Thi s ant| bddmauﬂmsrbeeedelefedhwmmmezexdepmnioﬁthe\fwstinaielafnldoaa'dmsf (both light and
heavy), ﬁl_@oufr@n ka&g [ | ht chai n constant domain and the human gammal
heavy chai qvﬁrrlﬂ 3@[! W?h a specific deletion of the CH2 domain. This
g;m;ssn on[@m;tws@wow?] |rrra§lger1efb||bgung9.he|:ﬁrluméﬂgaﬂa rigbﬁigelh i n N5KI RESflem ]

ich is depicted in e and the sequence o] iC
e o o pRohpol R e KSR P aEse, (N1 G AR IR B8 Or D vias
transfect eﬂebrﬂ?é?n bh@spﬁb@r@@ésé’gf’ér%% loe8tel al Simfin v}_ﬁs?B%@%hglﬁ'&? wer e

performed using O .0 or 4.0 ug linearized per 4 x 106 CHO cel ls

per 96 wel reghcatios. (Sb@mmfa@@ﬂ@étfﬁﬁﬁa@ﬁn of t”éﬁﬁ”&ﬂf%sm@éétﬂ@él cells was
e ear i T RO R Ffochar TR P Bt 6 <t ance
expression cassette for the gene sequences of lnterest, which in this case are
immunoglobulin coding regions. First in the cassette is the human
cytomegalovirus promoter (CMV), which drives expression of the polycistronic
immunoglobulin (Ig) message. The Ig message in this construct encodes the
humanized anti-TAG-72 antibody (denoted HuCC49), which is sequentially
composed of (in the order presented): the light chain leader (L)/HuCC49 light
chain variable (VL)/human kappa constant (Kappa)/IRES from the
encephalomyocarditis virus (IRES)/synthetic heavy chain leader (L)/HuCC49
heavy chain variable (VH)human gamma 1 CH2 domain deleted constant
region (CH2 link G1DelCH2). The Ig message is followed by the bovine growth
hormone polyadenylation signal (BGH). Thereafter is situated an expression
cassette for a dihydrofolate reductase coding region, in which the mouse beta-
globin major promoter (Beta) drives expression of the murine dihydrofolate
reductase gene (DHFR). The DHFR sequence is followed by a bovine growth
hormone polyadenylation signal (BGH).
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[0135] Viable wells were identified, expanded to small scale (120 m)
spinner culture and cellular productivity assessed by ELI SA assay. A
variety of (418 resistant cell isolates were obtained producing easily
detect abl e secreted antibody. Four in particular, 2286, 22E6, 22H10 and
25A2 were O¥0eyus3ped to 44 WO 03/ 048306 PCTI USO2/ 36856 moF/usoxsdsseéi ng 3- 10
nmg/L in 3-4 days, or 1-5 picogram cell/day (pcd). Southern blot analysis,
as shown in Figures 4 and 5, was performed and it was observed that each of

Si'te wi thi AT Flfing FRIBHNERRARRGE Pb R0 S ot R ARABARG: e Rarkers. -
Chi nese harmbreémmaassett@{NZ)rwmt:Ieim:tmc,nsifoﬂ@necblcythe9/40@@&?! ve control, and

was runin h%ela nes | abe ésﬂ CHO'. Sanple 14HICD was a NEGCSPLA
const ruct i GRIYagenyalipR8IRAI(IV) Ascer t ai ning Ratio of Light to Heavy Chain

[0136] In mem?}l ThelvectBEAISS 8dritais 8équehEssre@ited fbi reBRoatian INEARHRRA, expr essi on
construct of the sanme _antibody was constructed and transfected. HuCC49 CH2

Li nker in Neskdingdbe cpiE! 05'9'6\%"99‘1@1!0@@!’\@@ b%l?&t?@@s?w@n?ﬁﬁﬁﬂﬂfﬂl obulin Iight

and heavy |d1||r9@§f§§a QQ&PH)ependent transcriptional cassettes, translation
of each nediated g transl ational initiation conplexes. A particular

#A18 resi 5{0‘b31ﬂ JGBIEM(BV]E dopunercialy availabierantl sasiobtaingd fram ATELpr essi on

const T uct Y08 1ob@ B AR 0o ARRIKHER. LISl BieP FhREAaRiddsOm 14KD and

t he pol yC| 'S0 was per xam Ne tRe el ati ve ratios
of secret edvdre distupteazand suayedtebdmmtrmhakmwrﬁnahqantknr\mmtqnglshglerred by ELI SA by

capturing and detectl W th.ei r Ii ain specific secondar
ant i bodi es. St cgeg'vgrgf%lﬂg WF'@%FQ“’E gergﬁeéi tﬂﬁ%wﬁgpﬂ“ﬁgﬂl e 1, the dat)e/l
bﬁi ng expr Qﬁégﬁhl e géndiy. LPCR gpaaherdsd ma%nrelaﬁﬁﬁmf)legnigﬁﬂvahbmoﬁthammﬁd Tot gl (I iAght
chai n neasure .S onpar e se nt measur e in
the ratio E’JIE“ﬁe g 'ﬂh@leliéﬁ T@@éé? IE‘Sq?f"a ask

POLYCI ST d@@ﬁ%—d&ﬁd‘w 6.933. 62. 4
14HO56. Ogﬂ;dg%%?%%oﬁe%gﬂﬁﬁrg&}?@eﬁ él’q%?“‘shan unusual | y%t‘fl;gh pr oduci ng

18 cel | Ipolyadenylation sigaal wasdilacediaftgrthg diglt chaipymmediséaly peor to theer est here are
the roughl yrequirk@h¢Bltrinucleotide at position 834-836 (Genbank accession number

NC-001479) was used as the start codon for the synthetic heavy chain leader
sequence.

[0132] Because the literature indicates that translation of the open reading
frame downstream of the IRES would be less efficient than the upstream open
reading frame (translation initiated by 5’ CAP), restriction sites were introduced
such that the IRES and heavy chain sequences could be duplicated within the
vector. Mun | and Bgl Il sites were introduced downstream of the BamH | site.
Following digestion with EcoR | and BamH |, the fragment containing the IRES
and heavy chain gene sequence could be easily inserted into the Mun | and Bgl
I sites. The resultant construct would then contain: CMV-light chain-IRES-
heavy chain-IRES-heavy chain. The addition of the second heavy chain was
made in order to compensate for any inefficiency associated with intemal
ribosome entry.

B. CHO Cell Expression

[0133] A plasmid containing the expression vector expressing one heavy
chain utilizing an SV40 enhancer was transfected into CHO cells using both a

43



relative ratios of free or assenbl ed i munogl obulin |ight and heavy chains.
This data denonstrates that, surprisingly, expression of inmunoglobulin
heavy chain 45 WO 03/ 048306 PCT/ US02/ 36856 within the Polycistronic
expression system placed after the IRES, is not significantly reduced as
conpar ed t ovg i3@4d38sOSPLA system The observation that poEusdssEssx rati os are
greater than one is not unexpected and are likely a result of perm ssive
cellular secretion of free light chain. Therefore, in this Polycistronic
expression system |RES driven heavy chai n?PEr ot.ein roductl on appears to be

very effi cFr@hﬁ'e“téa"ﬁﬁ?th’ié’rm@ﬁql9§\Wﬁ‘<§§§§SP’% 9??'%@3 yeldgaberati o of Light
to Heavy Gaﬁéfébté@ééﬁheé\na»h %h@h%&pr@é@u&#&aﬁ)aﬁmemﬂéé@ﬂé&f&dﬁ@ﬁ% a variety of

cell lines generated el the NEGSPLA or Pol ycistronic expression
syst ens m;awerean@formgémrwai‘@hwmcwsmqmel epEessONLONFteuctantinind secr et ed

l'i ght chai I by capturing
and det ect fhﬁgﬂ%c{éﬁﬁy\t ﬁmh%véﬁﬁglﬁcg%eavy C alg];qug?ﬂ (‘?M(\:ﬁls'%aaggndary
ant i bodi es BGRYs &xparindntal ugsuits indicatesthptl resappatent differenag indexpeassioand ar e

expr essed /L CcO [ 0 i nogl,o i st an 0139] The ELI SA
is perfor r’rged g%r%sgam%ﬁ@naﬁfakedé%g%n @@ﬁ?vﬂ?h@fnﬁqq@ﬁt@ %Fga}gs% "capture"
anti body, inefficRwelRES/fubttioni wes detected. IAccuidingtyeasambamnbf thé oI I ovved by
"detection’ via bindj of a secondar antl bod on ugated t o HRPO

d
(hor ser adi §1Yep¥e YG&E‘&?'C C?’Eﬂtruﬁt/\éﬁxﬁﬁf P SXRIfET PYE F#CEPi on. KK

i ndi cat es ghjpicrdst chitaifled in f&tdmdlSuBEukRRINrohs Medatisfat@Ry Qﬁomﬂﬁ’@és anti - human
kappa- HRPO -yy indicates capture by goat anti-human | . detection by goat

ant i - hurman WeGFMRPOENsN3VRENEYD &t Higge m@twsgesa&esamelc?wﬁwm gG detection

by goat an HPE anti - human kappa
. detecti oh % ogtdégﬁﬁ}?thﬁl%gr&% doHQh%é._ﬁéBVLE 2 %I?%Y@llg %egKéx/ Y Yy K ANTI -CD23

8B94. 44. 33 oatameg! uging GrEEskonal BB&PQMQLQ!‘IC?@(F)@SS@W systeas, ﬁS\IEOSPLA
8B9- 5A12- 59E$§s§e8ﬁgre%4§elg@.o 41. 31. 6NECSPLA

EXAMPLE 2

A. Generation of G418 Resistant Cell Lines
[0134] The polycistronic expression construct in this example encodes the

modified humanized antibody with specificity to the human TAG 72 protein.
This antibody comprised of humanized murine variable domains (both light and
heavy), the human kappa light chain constant domain and the human gamma1
heavy chain constant region with a specific deletion of the CH2 domain. This
expression construct is referred to as “HUCC49 CH2 Linker in
NSKIRESG1DelCH2", a map of which is depicted in Figure 3, and the sequence
of which is set forth in Figure 6. HUCC49 CH2 Linker in NSKIRESG1DelCH2
was transfected into the CHO-DG44 parent cell line. Transfections were
performed using 0.5, 1.0, 2.0 or 4.0 ug linearized DNA per 4 x 10° CHO cells
per 96 well plate. Dominant selection of stably transfected cells was
accomplished via the expression construct encoded neomycin resistance
marker and media (CHO-S-SFM Il + HT) containing G418.

[0135] Viable wells were identified, expanded to small scale (120 ml) spinner
culture and cellular productivity assessed by ELISA assay. A variety of G418
resistant cell isolates were obtained producing easily detectable secreted
antibody. Four in particular, 22B6, 22E6, 22H10 and 25A2 were determined to
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8B9- 5A12-50F1- 97.469.577.893.51. 31. 4ANECSPLA 500&@ HUCC49 NO LINKER 46 WO
03/ 048306 PCT[ US02/ 36856 12E94.64. 13.53. 31. 31. INECSPLA

12E9- 5E821. 611. 511. 510. 11. 91. ONECSPLA

12E9- 5E8- 50C968. 325. 927. 722. 92. 52. 6NEOCSPLA ANTI - CD23

SF84. 23. 33Wb3)31@4:b3()ﬁ1. 3POLYCI STRONI C HUCC49 @AY/ SER LI ﬁ&%oz/“s%

3C114. 33.93.62.51. 21. 1POLYCI STRONI C
3C11-5B1221. 010. 611. 19. 21. 92. OPCLYCI STRONI C

3C11-5B12-50B598. 349. 155. 746 4é 82. OPCLYCI ST | C HUCC49 CH2 LI NKER

25A2- 50A52e preducing3-3Q mad ingdr4 8y, ot -Spisearamcell/day (ped).” Southem

2542- 5B3- 546U Sa O ouprf Ffircks AR, Vi SERGMG dHePaSabseR 180 111
105. 102. 1.71.6POALYC STRONI ( . '

that each of these four cell lines possess expression construct integrated at a

single site within each cell line. The lanes labeled “M" contained size markers.

Chinese hamster ovary cell nucleic acid served as a negative control, and was

run in the lanes labeled “CHO". Sample 14H9CD was a NEOSPLA construction.

B. ELISA Assay Ascertaining Ratio of Light to Heavy Chain
[0136] In parallel to generation of these cell lines, a NEOSPLA expression

construct of the same antibody was constructed and transfected. HuCC49 CH2
Linker in NSKG1DelCH2, shown in Figure 3, encodes the immunoglobulin light
and heavy chain genes on independent transcriptional cassettes, translation of
each mediated by §' CAP translational initiation complexes. A particular G418
resistant cell line isolated by transfection of this expression construct was
termed 14H9. Analysis of culture supernatants from 14H9 and the polycistronic
isolate 22B6 was performed to examine the relative ratios of secreted light chain
and heavy chain. Analysis was performed by ELISA by capturing and detecting
with either light or heavy chain specific secondary antibodies. Resuits of
duplicate samples are displayed in Table 1, the data being expressed as mg/L
compared to an immunoglobulin standard. Total light chain measured (k) is
compared to total assembled antibody measured (y in the ratio column.

TABLE 1
Construct Ratio
Type Cell line KK w9, KkI
POLYCISTRONIC 5F7 206 22 71 29
5F7 84 097 25 34
NEOSPLA 14H9 795 69 336 24
14H9 56.0 6.7 239 23

[0137] The cell line 14H9 is an unusually high producing G418 cell line as a
result of a high gene copy number. Of interest here are the roughly equivalent
relative ratios of free or assembled immunoglobulin light and heavy chains. This
data demonstrates that, surprisingly, expression of immunoglobulin heavy chain
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500F60000 [0140] This data further denonstrates that, surprisingly,
expression of imunogl obulin heavy chain within the polycistronic
expression system placed after the IRES, is not significantly reduced as
conpared to the NEOSPLA system The observation that the KK/yy ratios are
greater thwoosmssss |ikely a result of perm ssive celpaiesozsssreti on of
free light chain. Therefore, in this polycistronic expression system|RES
driven heavy chain protein production appears to be very efficient. EXAVMPLE

3 A Increase e on a Genom ion 0141 Bot h NECSPLA
and Pol yci'¥ '?S)W:egb @Bﬁ’@é‘?‘%ﬂe\é%}% WQ&TECSH%%W%G%#)&E fon c!atssette
encodi ng tgenifitahtyRdiddasd®arébtoithe NEASPDA siitein. Débbeeihtidn ne used for

expression 1s conpletely deficient in DHFR enzymatic activity (double
del eti on),thakipe M/iY't'@t'P%?l"ecﬁfthﬁ%th??\P%lsdloéw‘ecxa?@% agdae likelya ne DHFR) is

possi bl ¢ Ligsgf MielingS) SE41RR sbhiolim bl apiihahnangRidiglhgiet e (VD). During

this anplification I rect munogl obul i n’ genes are
conconi tari?cblyc:siwplqerxpzedszorrlswemtIREss grives heawy chainj pseteiatrodustion | | nes pr oduci ng

el evat ed %lé? ssm%vém@&kobul i n. Qur first roynd sel ection of (418

resi st ant I'Tnés” s pertformed in 5 nM MI'X. Hi ghest | evel producers (as
47 WD 03/ 048306 PCT/ US02136856 determ ned by ELISA) are identified and then
subj ect ed Co t FarthebEEI§AAssaysQomisarifg Expréssedc Ratio of bight to ncr easi ng
concent r at i ons Heav)MCKaip50 nM t hen 500 nM. [0142] Follow ng three

successi ve..r ound f.a fication in X, 50 M ,resistant cell |ines can
oo Caont | 10asH" anaNsiTRykdrk $BberBRtent aB o vareD. e b @retited  t ne oazs
resi stant edithet the NEDEILA HrePdlydtRnRki expressivebystéths @as fateit ep for  vari ous
isolates are |listed below Faor co ar i sonetgahé) ?1‘5?"1 Ilsted bel ow are

expr essi onParioyae {orexamine the relptypRTOSH 566 sed using the
NEOSPLA exriystd Wil SetfoiREd by ELFSA@W ¢dpRAing bid Eét'eﬂﬁfg' va.ﬁﬂé.fmer fghtbpody bearing

primate-derived |ight and heavy chain variable domai ns, human kappa |ight
chai n conshe@wchas@smf&mcm@%mf@p@pé Rmﬁogéwﬁhﬁatew@amiesm| n (including

the CH2 do f vel s of the
cﬂgﬂgvgyst 4 ol %%é‘%kﬁ?@‘osm /ﬁsy parefito B RHNGho IR

Pol yci stronic grown in controlled bioreactors
is also irstandfedi. Duplicate

[0139] The ELISA is performed by coating with a 96 well micro-titre plate with

a "capture" antibody, followed by binding of cell culture supernatant, followed by

"detection" via binding of a secondary antibody conjugated to HRPO

(horseradish peroxidase), followed by colorometric quantification.

kx indicates capture by goat anti-human kappa : detection by goat anti-human kappa-HRPO

7y indicates capture by goat anti-human IgG : detection by goat anti-human IgG-HRPO

¥ indicates capture by goat anti-human IgG : detection by goat anti-human kappa-HRPO

7y indicates capture by goat anti-human kappa : detection by goat anti-human IgG-HRPO

TABLE 2
XK | |7k | Xy | xxfy | xKhyy
LS

ANTI-CD23

8B9 44 |43 [36 [36 |12 |10 |NEOSPLA
8B9-5A12 107 |50 |60 [72 |18 [21 |NEOSPLA
8B9-5A12-50F1 559 |35.9 [433 [504 |13 |16 |NEOSPLA
8B9-5A12-50F1- 974 [ 695 |77.8 [935 [13 |14 |NEOSPLA
500G8

HUCC49 NO

LINKER
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runs in bioreactors are represented for each system Polycistronic and

NECSPLA. TABLE 3 Pol yci stroni c Expression System HUCC49 CH2 Li nker

NSHI RESG1Del1CH2 Medi aCell time (41825A2 5 nM MIX25A2-5B3 50 nM

in

MI'X25A2- 5B3- 50A5 500 nM MIX25A2- 5B3- 50A5- 50008 500 nM MIX25A2- 5B3- 50A5- 500F2
500 nM MrH¥aeA304888- SOA5- 500F6 | n bioreactors 500 nM MEXIBARYBBS- S0AS- 500F6
15 days 25A2-5B3- 50A5-500F6 500 nM MIrX 15 days MA/ Lpcddoubling 4.52.030 hrs
16. 611. 532 45. 620 335 78.026. 842 84. 227 540 89. 925. 135 729. 028. 6G- owt h over

701. 028. LTEéVL h—ev-er—NECSPEA =P ‘f?:%,il o) TBUTWHT) \ ]ﬁéﬁ;A?SGG A
5KGl PCTHUER2/ BEbEd b s A

POEBN SHL RSP Y PR T alse e EO5PTA
12E9-5E8-50C9 68.3 | 259 |27.7 {229 2.5 2.6 NEOSPLA
ANTI-CD23
5F8 42 33 31 3.0 1.4 1.3 POLYCISTRONIC
HUCC49 GLY/SER
LINKER
3C11 43 3.9 3.6 2.5 1.2 1.1 POLYCISTRONIC
3C11-5B12 21.0 j10.6 |11.1 | 9.2 1.9 2.0 POLYCISTRONIC
3C11-5B12-50B5 983 149.1 |55.7 |464 | 1.8 2.0 POLYCISTRONIC
HUCC49 CH2
LINKER
25A2-50A5 21.8 1124 123 {106 | 1.8 1.8 POLYCISTRONIC
25A2-5B3-50A5 96.9 | 45.0 |46.5 [45.5 2.1 22 POLYCISTRONIC
25A2-5B3-50A5- 180. | 111. |10S5. {102. | 1.7 1.6 POLYCISTRONIC
500F6 0 0 0 0

[0140] This data further demonstrates that, surprisingly, expression of

immunoglobulin heavy chain within the polycistronic expression system, placed

after the IRES, is not significantly reduced as compared to the NEOSPLA

system. The observation that the kk/yy ratios are greater than one is likely a

result of permissive cellular secretion of free light chain. Therefore, in this

polycistronic expression system IRES driven heavy chain protein production

appears to be very efficient.

A.
[0141]

EXAMPLE 3

Increases in Expression via Genomic Amplification
Both NEOSPLA and Polycistronic expression systems contain an

expression cassette encoding the murine DHFR gene. As the parent CHO-

DG44 cell line used for expression is completely deficient in DHFR enzymatic

activity (double deletion), amplification of the integrated target gene (murine

DHFR) is possible by growth selection in media containing methotrexate (MTX).

During this amplification, the directly linked immunoglobulin genes are

concomitantly amplified. Thus it is possible to isolate cell lines producing

elevated amounts of immunoglobulin. Our first round selection of G418

resistant cell lines is performed in 5 nM MTX. Highest level producers (as
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time (4188B914. 94.533 5 nM MIX8B9- 5A1211. 06. 540 50 nM

MI'X8B9- 5A12- 50F156. 122. 035 500 nM MIrX8B9- 5A12- 50F1- 500G853. 528. 644 | n

bi oreactors 500 nM MIX8B9- 5A12- 50F1- 500G8927. 029. 1G owt h over 12 days

8B9- 5A12- 50F1- 50038680. 029. 1G owm h over 500 nM MrxX 12 days [0144] As can be
seen from Wabbes®sabove, expression |evels at each st agmsh/iessl ection
(418, 5, 50 or 500 nM MIrX) are conparabl e between the Polycistronic and
NECSPLA expression systens. Al so, production levels from controlled

bi oreact or  qgrow h, .c Lhlons ., appear r Therefor in this system
pl aci ng th%&?rmﬁﬁqotmo@%“ %reﬁ%eﬁﬁec@ﬁﬁ%%&b@%tﬁ t&n@ﬁﬁf’f’%“r@?%ont rol of the
EMCV | RES rdandesfragripiificition vth inopddsinghuancentratiots df MEX (50aiM thenis@0unogl obul i n
production. EXAMPLE 4 Met hod For Generation of Expression Construct [0145]
A gener al M hod for the generation of polycistronic expression construct

accor di ng fo943)herdiBwmiaithied subcedsive Fduras ohgmgifibationin MTIXS 50@hktodol ogy  the
final expression construct is generated b nsertion of a DNA fragnent

encodi ng t"eaisigaheal! lipes pant ke dsptified. Eor theiehsisEenarelhineagpderited heavy chains)
ina sin j i @%@a@p& by use of
conventi o?ﬁﬁﬁ%ﬁgﬁﬁﬂﬁhtﬁgchnomgl S Flﬁ@}?ﬁﬁ/g?ﬁaégg i%%bg/}nt hesi s and

| i gati on, \arious$ isplotesqarelizted belowl Ebecamparisgmpurpeses, listed belew@tg nati on of any

O enese RihRl GRS A7 HRREH Aol G 120 Vorcl SRR LaRh g © 7 contains a

[72

schematic ol ne sdnmari zi n izt € e a vector

sui t abl e fREOSRPA egpressiom$ystam.i i antitgadp i Pim4tzed® antibédydearing n manmal i an
cells. This, nmethodol denonstrates th se .of overl appin PCR to generate
a DNA f r agRrisate-aRu(sd Iaht anstheary Ghain Yariable.daraing, BIMa0 KRBBIIGDt domai ns. Thi o

fragment i auamwhs@hmg@niaﬁdahéwﬂ;bl@te%ﬁan igafrthaA Hea@ERain i8cidingn 49 WO
03/ 048306 PCT/ US02/ 36856

the CH2 domain) region.

[0143] A comparison of production levels of the Polycistronic System and the

NEOSPLA system grown in controlled bioreactors is also included. Duplicate

runs in bioreactors are represented for each system, Polycistronic and

NEOSPLA.
TABLE 3

Polycistronic Expression System
HuCC49 CH2 Linker in NSKIRESG1DelCH2

Media Cell mg/L pcd  doubling
time

G418 25A2 4.5 20 30hrs

5 nMMTX 25A2-5B3 16.6 11.5 32

50 nM MTX 25A2-5B3-50A5 45.6 203 35

500 nM MTX 25A2-5B3-50A5-500D8 78.0 268 42

500 nM MTX 25A2-5B3-50A5-500F2 84.2 275 40

500 nM MTX 25A2-5B3-50A5-500F6 89.9 251 35

In bioreactors

500 nM MTX 25A2-5B3-50A5-500F6 729.0 28.6 Growth over
15 days

500 nM MTX 25A2-5B3-50A5-500F6 701.0 28.2 Growth over
15 days

NEOSPLA Expression System
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site of a desired vector DNA to generate the final imunoglobulin expression
construct. However, while this is preferred, other nethods are al so be used,
e.g., the respective heavy and light chain genes alternatively may be
inserted at different insertion sites in the vector construct. Al so, the
nunber of Wwo@ghtsssgd heavy chain genes in the pol yci st pomsesasst ruct nmay be
varied. [0147] As disclosed, the imunol gobulin |Iight chain variable donmain
is isolated or cloned froma suitable source (i.e. hybridoma, B-cell,
plasm d clone) and cloned into a suitable vector such as PCEMPTY A4

cont ai ni ngshdlephs PbksN-SHRIiR NsReder (which may or may not be retained
dependi ng —'l'mt‘l—(Tﬁ)'—d'-gﬁt_chai n con nt do equence, and a
heavy chal'@%—éader sequent?‘al. Al so, a heagr%ﬁ'chai nngadrql a%q-e"(f(s)mal nis

i sol at ed 8cloned |nto8 e same enpty gtor (ngt copfaining the |ight
chain vari g?ln). (Maf Iy haV|ng Ilght6 and eavy chain variable
domai ns ¢ in sep ors is glrablegg al | ows subsequent
nucl eoti d tions ne varicgble reg E t hout potentially

i npacting SIQQé‘Wc‘—;(r vari 8 éArléap 500[3(514§ SThe twé ep‘é“r ate vectors

cont ai ni nq the Iight and heavy chain variable domains serve as DNA

enpl at es [¢3e¥Bpendent cognate PCR anplification reactions. Design of
the 5' andSQQHMZMfﬁxprl nesB94 §Qﬁ,lh509ﬁ§t t B2Fe i s a29huchwuth Q¥Er sequence i n
conmon bet Weddls t he two resultin roducts. This comon sequence then
al l ows an ¥oaM Mg ng r 8BP-aA13-6 1a50§€i seq@®h® PCR 2&kpl Growdervenn step. The
product ofl2dayss ultinmate PCR anplification step then encodes the |ight
chain |l eader/light chain variable/constant/| RES/ synthetic heavy
| eader / heaf@f44]ar Antdrebeaiseeni froen Dablé Babyoen expriessiemleyele afjeachdbage of del et ed

corprt si n R Fafts oY BT BN SR bR BefR 09 Nt e Thio o

singl e reBslydisttanizrangi NEOSPLA exmression syst@inkO]Alddy ptdulectjordemlsmsmdem gn of the
above 5" and nkin restricti ﬁnc&j nucl ﬁ}lse cl eavage

fl
sites such® %Wﬁgb'?"eg?tgr grh@fw@altlo% awpﬁfatel? 6 e dtYS ction sites

then al | ovwgyglepilipR@ingfthé mﬁn@wdbumnaawchah@naer&ranmhéﬁal ciftfdl 8f such as
PCEMPTY B V\yﬁl ch p|(%rll.ltgal ns all ments for efficient expreSS| on the

i munogl oIeEVGV! mﬁ%ﬁa@&fr@ "gﬁh%ham lgads tpsffesiveimmynoglgbuling 03/ 048306
PCTI US02/ 368a:ti6HCCA9 G y/ Ser in Polycis2) is then transfected into the
desired cells to produce the gene product of interest e.g.

(1 mmunogl obul i n).
EXAMPLE 4

Method For Generation of Expression Construct
[0145] A general method for the generation of polycistronic expression

construct according to the invention is described herein. In this methodology
the final expression construct is generated by insertion of a DNA fragment
encoding the genes of interest (i.e. immunolgobulin light and heavy chains) in a
single cloning step. The DNA fragment may be generated by use of
conventional recombinant DNA technologies including oligo synthesis and
ligation, overlapping PCR, complete DNA synthesis, or a combination of any of
these methodologies as described previously.

[0146] Figure 7 contains a schematic outline summarizing the steps utilized to
generate a vector suitable for expression of an immunolgobulin (e.g., HuCC49)
in mammalian cells. This methodology demonstrates the use of overlapping
PCR to generate a DNA fragment encoding both light and heavy chain variable
domains. This fragment is then cloned in a single step into a single insertion
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EXAMPLE 5 I ncreases in Expression via Genomic Anplification [0150] HuCC49 in
NS5KI RESGLDel CH2 al so contai ns an expression cassette encoding the nurine
DHFR gene. As the parent CHO-D&A4 cell line is conpletely deficient in DHFR
enzymatic activity (double deletion), anplification of the integrated

t arget genwo(oemussose DHFR) is possi ble by growt h sel ectpemnusosssssgedi a
containing nethotrexate (MIX). During this anplification, the directly

| i nked HUCC49 i nmunogl obulin genes are conconmitantly anplified. Thus it is

possible tq isolate cell |4 roducj n l.evat e unts af i nmmunogl obul i n.
First roun‘ﬂtesoi? pif V%*”E{‘?‘g%rsg‘%‘f*??%ﬁﬁ%egh'WWWH§8€%§XB@P?'B? med in 5 nM
MIX.  H ghesstri@y BlowBveérdwhits this(ie preferied otheadlethydsareafso belsed] denti fied and
then subjected to two subs%ﬂuent rounds of anplification with increasing

concent r at $-8nthegesnaeitvg Beavyand light chaip ggRgs altematively may kainseitedidt ee successi ve

rounds of @fi@bht ihgeMidrSites Th HEXectbhERIa0 AlsMhe faimbbpdKIighdrnd | | nes were
identified. For the cell lineage derived fromthe 418 resistant cell line

25A2, the keayy eBain ganesdindhepelycistipic conetpichmay bpyeaded.in  Table 4. For
. _ P . el t
ant body (ST Easade) e UitRoRIFIERNEAR R S8 E) o) Tom T

anti body (anti- si'ng t PLA expression system This
ant i body i isolgted ontlionedi{rom assuitable dgurbe firel hypridpinanBcelliglasmidiclong)ht and heavy

compl et o rAMora TR A uaE R PARE as FEENITF AR SREBIIN Y’ O 700 ‘57 wo
03/ 048306 ¥ ek /(BhiSh MayABhtay4iot Beteained dapendingonsitsation)) lightst em HUCCA9 CH2

Li nk i N5KI RESGE | CH2 i aCel | /L. ~cdDoubl | Ti A1825A24. 52. 030
e M R CORS RN HE St ae o, At BI) PR Aeaee S 0o8a5 600 L

MI'X25A2- 5BRsé, Chiir Safidifle 8dmaih ¥isoiblelBiid 2ibRed IRt hdAame@Mphp4. 227. 540 500

nM MI'X25A2- 5B3- 50A5- 500F689. 925. 135 TABLE 5: NEOSPLA Expression System
vector (not containing the light chain variable domain). Initially having the light
and heavy chain variable domains contained in separate vectors is desirable as
it allows subsequent nucleotide modifications to.one gene variable region
without potentially impacting the other variable region.
[0148] The two separate vectors containing the light and heavy chain variable
domains serve as DNA templates for independent cognate PCR amplification
reactions. Design of the 5' and 3' PCR primers are such that there is a
nucleotide sequence in common between the two resulting PCR products. This
common sequence then allows an overlapping region for a subsequent PCR
amplification step. The product of this ultimate PCR amplification step then
encodes the light chain leader/light chain variable/constant/IRES/synthetic
heavy leader/heavy variable domains or fragment thereof, e.g., domain deleted
fragments. Figure 7 illustrates one example wherein a single DNA sequence
comprising light and heavy chains separated by an IRES is inserted into a single
restriction site on a vector.
[0149] By the judicious design of the above 5' and 3' PCR primers, flanking
restriction endonuclease cleavage sites such as Nhe | are included. These Nhe
| or other restriction sites then allow cloning of the DNA fragment into a suitable
vector such as PCEMPTY B which contains all other elements for efficient
expression the immunoglobulin in mammalian cells. The final vector (e.g.,
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Anti-CD23 P5E8N-SHL in N5SKG Medi aCel | ma/L pcdDoubling Tinme (4188B914. 94. 533
hrs 5 nM MIX8B9-5A1211. 06. 540 50 nM MIrxX8B9- 5A12- 50F156. 122. 035 500 nM
MI'X8B9- 5A12- 50F1- 500G853. 528. 644 [ 0152] As can be seen in Tables 4 and 5
above, expression levels at each stage of selection (418, 5, 50 or 500 nM
MIX) are cwopsodawbe between the Pol ycistronic and NEQSRAS0E6RI6ESSI ON
systens. Therefore, in this system placing the inmunogl obulin heavy chain
under translational control of the EMCV |RES downstream of the |ight chain

| eads to eff | { nmu . Iethelnventlon
has been d'gggﬁdoé@/éf% "bgﬁ‘ﬂég% {#&n tr?hé}g%{%@n?&@e[q%%}i%%ﬁﬁg R s and exanpl es

t her eof , i proidelthd genenpredsdt bihtevgstieltpmmibnaplobutigge  skill in the art that
the invention as disclosed is capable of further obvious nodifications.
This disclosure is intended to enbrace such obvi ous departures fromthe
preferred enbodi nents that fall EXAMPLESIOWn or custonmary practi ces in the

art and nmay be appin&daée% mfmpwwacefneaﬁumsplmhumrth her ei nabove, as

wel | astothe sc pe o claims. 52 Clainms |I. A polycistronic
Vect or- 1 or 10450 RSP INAKIRESBI Dalet iAo @eiaing a;uwquccaﬁwe Lol l's

conpri si ngeﬁc'ﬂ?mé‘fﬂe' rﬂM‘ﬁr‘iBJDﬁ#R hé SAé%HébQ#éhVCILIOEIBG% Eéll | to 3'
orientation: ronoter Operab In a eukaryotic st ceII (b) a first

ci stron coeqmpletelyge 0{ ent uaDHFRsanzwuetio@mwtyddg-dmu deletgorermmlifmjloa vari abl e
Lo o 8 BB Gk PR hodRE R BB Scounce
i nt er nal rmbdia cortainimgmyetbotrexald (RES)) Du( ind thestanh@ifisationnthesieectlyd ci stron
BT o i Bl TR 85 SRS GO ol SRR o2 0" ©F @
constant  pagibieto iolate belRines praiuging _levited amounts of immunoglobulin.

First round selection of G418 resistant cell lines was performed in 5 nM MTX.

Highest level producers (as determined by ELISA) were identified and then

subjected to two subsequent rounds of amplification with increasing

concentrations of MTX (50 nM then 500 nM).

[0151] Following three successive rounds of amplification in MTX, three 500

nM resistant cell lines were identified. For the cell lineage derived from the

G418 resistant cell line 25A2, the expression levels at each step are listed in

Table 4. For comparison purposes, Table 5 shows expression levels for an

irrelevant antibody (anti-CD23) expressed using the NEOSPLA expression

system. This antibody is Primatized® antibody bearing primate-derived light

and heavy chain variable domains, human kappa light chain constant region

and the complete human gamma1 heavy chain (including the CH2 domain)

region.
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wherein the first and second nucl eoti de sequence is expressed at a ratio
rangi ng between 10:1 and 1.5:1 with respect to the third and fourth
nucl eoti de sequence in a eukaryotic host cell containing the polycistronic
vector. 2. The polycistronic vector of claim1, wherein the second and
fourth nuchaoiBiogdossequence encode a heavy and |ight cleros@asss ant region
and are of a primate origin. 3. The polycistronic vector of claim2, wherein
t he heavy and |ight chain constant region are humanized. 53 4. The
pol yci stronic vector of claim1l, wherein the first and third DNA nucl eoti de
sequences encode a heyaBLEW ﬂdlﬁgtrahasgpmgioalsﬁté,ggl on respectively and
are of a primate origin. 5. The polycistronic vector of claim4, wherein the
heavy and |ight chaHaCCd49€H2tinkerdn NSKIRESGtet€H2zed. 6. The pol yci stronic
vector of Flegiam 1, wherqign t he second and mgurpdl NWduBMid HiMesequences
encode a heavy and | i ght chain constant region respectively and are of a
rodent origuymg 7. The p@spQi stronic vect od.®f Zbai Bthrs Wherei n sai d rhodent
origin is gougMIX The 2spbygE3st roni ¢ vectigrs of1.6! @m 5, wherein the second
and fourthsaughamty de segpompa-soascode a Rgaxvy2@pd gdsi ght chain variable
regi on resggeAMWEY and 2ane-su3-50A55bepB 078D N26.8- 4phe pol ycistronic vector
of claim 858(ymrmrxwv\;al @5;@%@0/@[5@@ | g40Uses 4@ The pol ycistronic

r Esiaresal ga |59

vector of g ¢i g are human, humani zed,
chinmeric o of clalml wherein
t he eukaryotic host cell is a Chinese hamster ovary (CHO cell. 12. The
polycistronic vector of claim1l, wherein the first and second nucl eoti de

sequence is expressed ng between 5:1 and 1.5:1 with respect
to the third and fourtﬂ%%ﬁé@%‘;&gg B'gﬁﬁ'é’“\g' The pol yci stronic
vector of claiml, (ﬁfiﬁ ﬁgﬁ gﬁer";mgk&.‘pr onot er |s a mammal i an, yeast or
viral prompter. 14.= of cl 3,..wherein the
eukaryoti c¥s¥8noter is a pronot er. fa'lqﬁ'h%ﬁgpol vect or of
claim1, wherein the internal ribosone entry site is selected fromthe
group consP818 ng of cardi® rus, poliovi rd§9 ahd heBP¥s virus. 16. The

pol yci st r of ch Tor of @BHPANS. wherein e 6.At er41QaI ri bosone entry site

is a car d5Q)vanM;T)%eI ect &?&5‘%"{%‘5(}% roup 5§dns?%9| 3§ of Encephal onycarditis
virus, Meng¢ { #¢ _and Col unbia SK virus.

[0152] As can be seen in Tables 4 and 5 above, expression levels at each
stage of selection (G418, 5, 50 or 500 nM MTX) are comparable between the
Polycistronic and NEOSPLA expression systems. Therefore, in this system,
placing the immunoglobulin heavy chain under translational control of the EMCV
IRES downstream of the light chain leads to effective immunoglobulin
production.

[0153] While the invention has been described in connection with specific
embodiments and examples thereof, it will be understood by those of average
skill in the art that the invention as disclosed is capable of further obvious
modifications. This disclosure is intended to embrace such obvious departures
from the preferred embodiments that fall within known or customary practices in
the art and may be applied to the essential features set forth hereinabove, as
well as to the scope of the appended claims.
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17. The pol ycistronic vector of claim 16, wherein the internal ribosone
entry site is from Encephal onyocarditis virus. 18. The pol ycistronic vector
of claim 1, wherein the functional antibodies expressed by the

pol yci stronic vector specifically bind to a tunor associ ated antigen. 19.
The polycistronic vector of claim 18, wherein the functional antibodies
expressed by the polycistronic vector specifically bind to a tunor

associ ated antigen selected fromthe group consisting of TAG 72, CD4, CD11,
CD19, CD2g@laii?2, CD23, CD37, CD40, CD45, CD80, CD86, and CDI 54. 20. The
pol yci stronic vector of claim19, wherein the antigen is TAG 72. 55 21. The
pol yci streni ¢ Xe&iRIstr&ic Qkééﬂo?@xpr@d@%efhﬁbt&m ahtitRles QR @kttt RRGYcd1s human,
humani zed, Primatized, or chinmer specific to TAG 72. 22. e polycistronic
vect or of cmpgﬁmiefolm@}galqmepﬁ@mhly Kitkag injthe ¥'ite 3HQrBBLISF i brit unomab. 23. A
eukaryotic cell line conprising a polycistronic vector of claim1, wherein
the cell |ine (ayecagbmsteadpetablein 4 enkargaticthodt@ell;pi cogr ans of functi onal

anti body per day. 24. A eukaryotic cell line conprising a polycistronic
vector of claigm)l,, eEigon disiskg! | |ine secretes about 3 to about 10

pi cograns of functional antlbody per day 25 The eukaryotic cell line of
claim 24, wherein the &Pkaé¥ é “&ﬂ mal |a cell. 26. The
eukaryotic cell line o fussson %Pgﬁﬁe?ﬁ mﬁﬁﬁﬂﬁlian cell is a CHO cel
27. A nmethod of producing functional antibodies conprising culturing an

i sol ated eukaryotic cel | regipn ef alight chain antibody;@gd | culture to produce
functional antibodies and recovering the functional antibodies fromthe
eukaryotic cell cultur@) 2&cond rakytice sdquaidé encudifg OEonkt@it expr essi ng
functional antibodies in eukaryotic host cells conprising the follow ng

el ements operably |inked %%OLBQI ht&gngyngﬁ¥entation: (a) a pronoter

operable in a eukaryotic t ce irst cistron conprising: (i) a
first nucleotide se uence, enc a varl region of a light chain
anti body; and gb & ?“3m%%@8ﬁ@qﬁﬁ%WEﬁF78? ence encodi ng a const ant

region of a light chain antibody; (c) at least one internal ribosone entry
site (IRES); (@) ahleadt ersstecapdsistrerceomprisingt ron conprising: (i) a first
nucl eoti de sequence encoding a variable region of a heavy chain anti body;
and (i) athird nucleotide sequence encoding a variable
region of a heavy chain antibody; and
(ii) a fourth nucleotide sequence encoding a constant

region of a heavy chain antibody;

wherein the first and second nucleotide sequence is expressed at a ratio ranging between 10:1 and
1.5:1 with respect to the third and fourth nucleotide sequence in a eukaryotic host cell containing

the polycistronic vector.

2. The polycistronic vector of claim 1, wherein the second and fourth nucleotide sequence

encode a heavy and light chain constant region and are of a primate origin.

3. The polycistronic vector of claim 2, wherein the heavy and light chain constant region are

humanized.
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(11) a second nucl eotide sequence encoding a constant region of a heavy
chain anti body with a CH2 donmain deletion; wherein the first and second
nucl eoti de sequence is expressed at a ratio ranging between 10:1 and 1.5:1
with respect to the third and fourth nucl eoti de sequence in a eukaryotic
host cell containing the polycistronic vector. 29. The pol ycistronic vector
of claim 28, wherein the functional antibodies are human, humani zed,
chimeric or Primatized(r). 30. The polycistronic vector of claim?28, wherein
the eukar §ot i cIEoBRIYsdstopic; eeclon € i bnivhgreiny thsy frst apd jtkitd Ry Apmudeatidémal i an,
fungal , yeasdnc@RAcodEh&o) b lighilohaif REridBRIryddnShdpotively YRELrO b drintekeddrifin30,
wherein the eukaryotic host cell is a cell. 32. The polycistronic vector
of claim 28, wherein the first and second nucl eoti de sequence is expressed
at aratio ranging between 5:1 and 1.5:1 with respect to the third and
fourth nucleotide sequence. 57 33. The polycistronic vector of claim 28,
wher ei n t fre i nthemlFistronifoseRpofettin g, wheein the fgawy anddightchpip sensgntregien &€ gr oup
consi sti ngunRhize@r di ovi rus, poliovirus, and herpes virus. 34. The

pol yci stronic vector of claim33, wherein the internal ribosome entry site
is a cardiovirus selected froma group consisting of Encephal onyocarditis
virus, Mengo virus, Mus- Elberfiell virus, MMvirus and Col unbia SK virus.
35. The polycistronic vector of claim34, wherein the internal ribosone
entry sit@ is Fhegwlychirenigresionp/drimrlevherein theseeond gl foqrenusispiideisequensss ¢ vect or
of clai m gRodeRAR!Nd lifHR cREKAmY i eidd rAPRLiSEly hidl & SFTH&INt pin, Yeast or viral
pronmoter. 37. The polycistronic vector of claim36, wherein the pronoter is
selected froma group consisting of a CW, SV40 early and actin pronoter.
38. The polycistronic vector of claim37, wherein the eukaryotic pronoter is
the CW pronoter. 39. The polycistronic vector of any of clainms 28-38,
wherein the an"fheb@b’yis'ir@i%@lc@t?é@ilflﬁowbeépin spidrbpdeabniigingis megseof TAG 72, CD4,
CD11, CD19, CD20, CD22, CD23, CD37, CD40, CD45, (D80, CD86, and CD154. 40.
A eukaryotic cell line conprising a polycistronic vector according to any
one of clainms 28-39, wherein the eukaryotic cell line secretes about 5 to

about 1008.pi Coﬂ{eaﬂgﬁlcgfroJiéj%{oir gpéﬁim f%&@ﬁ’qu){e s%%nd%w fouﬁﬁ nucleotide sequence

encode a heavy and light chain variable region respectively and are of a rodent origin.
9. The polycistronic vector of claim 8, wherein said rhodent origin is mouse.

10. The polycistronic vector of claim 1, wherein the functional antibodies are human,

humanized, chimeric or Primatized®.

11. The polycistronic vector of claim 1, wherein the eukaryotic host cell is a Chinese hamster
ovary (CHO) cell.
12. The polycistronic vector of claim 1, wherein the first and second nucleotide sequence is

expressed at a ratio ranging between 5:1 and 1.5:1 with respect to the third and fourth nucleotide

sequence.
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41. The eukaryotic cell line of claim40, wherein the eukaryotic cell is
manmmal i an cell or vyeast cell. 42. The mammalian cell of claim41, wherein
the manmal ian cell is a nmenber selected from the group consisting of baby
hanster kidney cells, fibroblast cells nyeloma cells, and Chinese hanster
ovary cells (CHO cells). 43. The mammalian cell of claim42, which is a CHO
cell. 44. The yeast cell of claim43, wherein the yeast cell is selected

fromthe group_.consisting of acchar omyces, Schi zosacchar omyces, Hansenul a,
Tor Ul psi s Yar PEOR o BPHE veFtor o] Sl i Wiereim e opRRefE SEMOLE 5 2 BEmBjeisrn a4,

whi ch is Raaht drgdpehmoie.s. 46. A nethod of producing functional antibodies
conprising culturing the eukaryotic cell 1line according to claim45 in a

cell culture to produce functional antibodies and recovering the functional
anti bodies fromthe eukaryotic cell culture. 47. A polycistronic vector for

expressing fungtional anti bodies jn karyotic host cells conprisi t he
fol | owi ng Pl entif BONESUPHS| (T Ak sl 1y Hadrgn' the, ekarysfiE aremateion & CXIV '3

pronoter ppmbebl e in a eukaryotic host cell; (b) a first cistron conprising:
(i) chain antibody; and a first nucl eoti de sequence encoding a variabl e
region of a CC49 light 59 (ii) a second nucl eoti de sequence encodi ng a
constant region of a CC49 |ight chain antibody; (c) at |east one internal
ribosonme entry site (IRES); (d). at |east one second cistron conprising: (i)
a first nirtl eof fecRONSIEHIMNKE0E RETEM™Y “g‘e%‘rt Qe BRseMe STV eF\té‘zvy

chai n ant &baehe; graipdordsisting & caRtReh, plhied] ird@epeigpce encodi ng a const ant
region of a CC49 heavy chain antibody; wherein the first and second

nucl eoti de sequence is expressed at a, ratio ranging between 10:1 and 1.5:1
with respect to the third and fourth nucl eoti de sequence in a eukaryotic

host cell containing the polycistronic vector., 48. The pol ycistronic vector
of ¢l ai m K. whEr BRIYFRIREC FRFIEY POARIM Lhi wheekn die iafegish Eesame itk Pobl

chi meri ¢ @irdibVinBdldcre@domthe é8up cbidistiA@ bYEHcEthEIOMY Cardi@CHQAE Méng6lials/Mék, wher ei n
t he eukaréﬁtlc host cell is chosen froma group consisting of a mammali an,
fungal , yERefielhxigsd4M vpysjand Columbia SK virus.

17. The polycistronic vector of claim 16, wherein the internal ribosome entry site is from

Encephalomyocarditis virus.

18. The polycistronic vector of claim 1, wherein the functional antibodies expressed by the

polycistronic vector specifically bind to a tumor associated antigen.

19. The polycistronic vector of claim 18, wherein the functional antibodies expressed by the
polycistronic vector specifically bind to a tumor associated antigen selected from the group
consisting of TAG-72, CD4, CD11, CD19, CD20, CD22, CD23, CD37, CD40, CD45, CD80,
CDS86, and CD154.

20. The polycistronic vector of claim 19, wherein the antigen is TAG-72.
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50. The pol ycistronic vector of claim49, wherein the eukaryotic host cel

is a CHO cell. 51. The pol ycistronic vector of claim47, wherein the first
and second nucl eoti de sequence is expressed at a ratio ranging between 5:1
and 1.5:1 with respect to the third and fourth nucl eotide sequence. 52. The
pol yci stronic vector of claim47, wherein the internal ribosome entry site
(IRES) is selected froma group consi sting of cardiovirus, poliovirus, and
herpes virus. 60 53. The polycistronic vector of claimb52, wherein the
internal ?% bosﬁﬁep‘éﬁfﬂﬁwmél‘teétof SF celaim 305 whigrein thes fnesionglqantibedy & Byeasp

consi st i nginkhiz&d) PRMRMO By BiREpkdific t6iTIAGS72. MENgo virus, Mous- El berfiell
virus, MMvirus and Colunbia SK virus. 54. The polycistronic vector of claim
53, wherein the internal ribosonme entry site is from Encephal onyocarditis
virus. 55. The polycistronic vector of claim47, wherein the eukaryotic
pronoter is a mammalian, yeast or viral promoter. 56. The %onC|stron|c
vector of2%| ai ?hewslymmfe‘ieﬁmt 9felain ftherein the antipesyristuximahPribguBgRab
consisting of a CW, SV40 early and actin pronoter. 57. The polycistronic
vector of claimb56, wherein the eukaryotic pronoter is the CW pronoter.

58. A eukaryotic cell line conprising a polycistronic vector according to
any one 0f3, cl aj @karydtic efl l}/f(@%rﬁ%x{ku{g*h%o%ﬂé%n!{co&eb{ér 6€&d1dim! 1| BBerSif edef Hin@bOUL 5
to about 100 picogranms of functional ‘antibody per day. 59. The eukaryotic
cel | | i nesegrte pbartm 9a@boyihe} Ricqgramsof Eﬂktaany@mﬂz?dbeqr|dax s manmal i an cel | or

yeast cell. 60. The mammalian cell of claim?59, wherein the mammualian cel

is a nenber selected from the group consisting of baby hanster kidney
cells, fibroblast cells nyeloma cells, and Chinese hanster ovary cells (CHO
cells). 644 61. AIH&M' lln@@orﬁﬁﬁshng%f o@l:@t'rcfﬁ‘lmcto}"@f' &J?m'ls wherbhiheCl line 62. The
yeast cell of claimb59, wherein the yeast cell is selected fromthe group
conS|st|nﬁm@¢3ﬂswéﬁﬁ&hﬂﬁﬂ%E@Og%ﬁﬁﬁﬁ6§@@@h%Wbﬁv@@§hyHansenula Tor ul psi s,
Yarrowi a, Pichia and Candida. 63. The yeast cell of claim®62, which is
Pichia pastoris. 64. A nethod of producing functional antibodies conpri si ng
cul turing the eukaryotic cell line according to claim59 in a cell culture
to producgs f UnfieleBiRloRh RRAK BSinAlIWhEGRYRELIG LD Een i HRERARM ot | DOCI es

fromthe eukaryotlc cell culture

26. The eukaryotic cell line of claim 25, wherein the mammalian cell is a CHO cell.

27. A method of producing functional antibodies comprising culturing an isolated eukaryotic
cell of claim 24, in a cell culture to produce functional antibodies and recovering the functional

antibodies from the eukaryotic cell culture.

28. A polycistronic vector for expressing functional antibodies in eukaryotic host cells

comprising the following elements operably linked in the 5' to 3' orientation:
(a) a promoter operable in a eukaryotic host cell;
(b) a first cistron comprising:

(i) afirst nucleotide sequence encoding a variable

region of a light chain antibody; and
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| SEQUENCE LI STI NG <110> REFF, M TCHELL BP. RNETT, RI CHARD <120>
POLYCI STRONI C EXPRESSI ON OF ANTI BODI ES <130>037003/ 291921 <140>10/ 295, 823
<141>2002-11-18 <150>60/ 331, 481 <151>2001-11-16 <150>60/ 400, 687
<151>2002-08- 05 <160>5 <170> Patentln Ver. 2.1 <210> 1 <211> 10 <212> PRT
<213> Artificial Sequence <220> <223> Description of Artificial Sequence:
Synthetic spacer peptide <400> 1 Ay Ay Ser Ser Ay Ay Ay Ay Ser dy 1
5 10 <210> 2 <211> 9233 <212> DNA <213> Artificial Sequence <220> <223>
Description of Artifici®l gShfudeucle ?lfeﬂ'céet“f:ece“ﬁ?fﬁ‘?geao‘iolnﬁ 'sequence of HuCC49
<400> 2 ctgacgcgccct gt agcggcgcatt aagcgcggcecgggt gt ggt ggtt acgcgcagcgt ga60
ccgct acact t gccagecgcecct agcgceregige ofcedight ehgiotantibotly;ccct t cet tt ct ¢gl120
ccacgttcgccggcetttcceccgt caagcet ct aaat cgggggcet ccctttagggttccgat 180

(c) at least one internal ribosome entry site (IRES);

(d) at least one second cistron comprising:
6)) a first nucleotide sequence encoding a variable
region of a heavy chain antibody; and
(ii)  asecond nucleotide sequence encoding a constant

region of a heavy chain antibody with a CH2

domain deletion;

wherein the first and second nucleotide sequence is expressed at a ratio ranging between 10:1 and
1.5:1 with respect to the third and fourth nucleotide sequence in a eukaryotic host cell containing

the polycistronic vector.

29. The polycistronic vector of claim 28, wherein the functional antibodies are human,

humanized, chimeric or Primatized®.

30. The polycistronic vector of claim 28, wherein the eukaryotic host cell is chosen from a

group consisting of a mammalian, fungal, yeast and CHO cells.
31. The polycistronic vector of claim 30, wherein the eukaryotic host cell is a CHO cell.

32. The polycistronic vector of claim 28, wherein the first and second nucleotide sequence is
expressed at a ratio ranging between 5:1 and 1.5:1 with respect to the third and fourth nucleotide

sequence.
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ttagtgctttacggcacct cgaccccaaaaaactt gattagggt gat ggttcacgt aggg240

t cgcgacgt accgggccccccct cgatt aatt aat cgagct act agectttgcettctcaat 300
ttcttatttgcat aat gagaaaaaaaggaaaattaattttaacaccaattcagtagttga360 2
tt gagcaaat gcgtt gccaaaaaggat gcttt agagacagt gtt ct ct gcacagat aagg420
acaaacatt att cagagggagt acat agagct gagact cct aagccagt gagt ggcacag480

cat ccagggagaaat at gctt gt cat caccgaagcct gatt ccgt agagccacaccct gg540

t aagggccaat ct gct cacacaggat agagagggcaggagccagggcagagcat at aagg600 .
t gaggt aggat-cagt IGRTCEIETE Sr94r GE PR 25 SAag HOP GERL IR Y SHY BB ORES) i
at cgat cct gdléted Gloh3Aa6 @ @adi ¥ia g bt QERSHUa aldviris; egoREREVingggt gg720
agaggct att cggct at gact gggcacaacagacaat cggct gct ct gat gccgecgt gt 780

t ccggct gt cagcgcaggggcgeccggttcttttt gt caagaccgacct gt ccggt gccc840

t gaat gaact gcaggt aagt gcggccgct ct aggcct ccaaaaaagcct cct cact actt 900

ct ggaat agct cagaggccgaggcggcct cggcct ct gcat aaat aaaaaaaalt agt ca960 |
gecat geat ghoge SHRBR JHBEQESEE £O88L o et b BFGRR uBRedyagTyZbe o
t E aggggcggaaietins @g%«{t@%@a&m@i (Eoiﬁﬁg?&gﬁt@ﬁcggﬁatoth?kﬁ@%ﬁﬁE,??&ng %fil%gMous-
ct ggggagcct g ac ccacacct gg ct gact aat t gagat gcat gc gca
tacttctgc@hﬁgggﬁﬁﬁhﬁ@éfﬁﬁd@égPWWg@ gﬁ@@&taactgacacacattccacalzoo
gaattaattcccctagttattaat agtaat caattacggggtcattagttcatagcccat 1260

at at ggagttccgcgttacat aactt acggt aaat ggcccgcct ggct gaccgcccaacgl320
acccccgcccat t gacgt caat aat gacgt at gtt cccat agt aacgccaat agggactt 1380

t ccat t gacgs.caatrgopdigaghiovbiacaHAA34! YRGEA Ul iBEMmAOTRRGE 3RAGIAE R from
t gt at cat at gccaagt acgccccct at t gacgt caat gacggt aaat ggcccgcct ggcl1500

at t at gccc &BteRkalnyRedditisYifgact t t cct act t ggcagt acat ct acgt at t ag1560
tcatcgctattaccat ggt gat gcggtttt ggcagt acat caat gggcgt ggat agcggt 1620
ttgact cacggggatttccaagtctccaccccatt gacgt caat gggagtttgttttggcle80
accaaaat caacgggactttccaaaat gt cgt aacaact ccgccccat t gacgcaaat ggl740
gcggt aggcgg gt a¢RIFIRAAHE CEArair ARG 08 JBELB IR AR SRAFEHEEA9 3 hihRfhalian,
t cgcct ggagacgccat cacagat caaagcttt gat ct ct caccat ggat agccaggcccl860
aggt gct cabefett e ¥y PIRAGt gggt gagcggeacat gcggcgacat cgt gat gagec1920

agt ct ccagact ccct ggccgt gt ccct gggcgagagggt gact ct gaatt gcaagt ccal980
gccagt ccct gct ct at agcggaaat cagaagaact at ct cgcct ggt at cagcagaaac2040
cagggcagagccct aaactgctgatttact gggcat ccgct agggaat ccggcgt gcct g2100

at cgct t caggggcpl BARLGbAIEIRGHISCHLIME GhedRaRd pRABRAYGIIMREFRRDY group

cagaagacgt ggcagtctattatt gt cagcaqgt att at agct atcccctcacattcggcg2220
gaagacy cc?n%istir?g of a CMV, SV40 early ang actin promcger. 99cd

38. The polycistronic vector of claim 37, wherein the eukaryotic promoter is the CMV

promoter.

39. The polycistronic vector of any of claims 28-38, wherein the antibody is selected from a
group consisting of TAG-72, CD4, CD11, CD19, CD20, CD22, CD23, CD37, CD40, CD45,
CD80, CD86, and CD154.

40. A eukaryotic cell line comprising a polycistronic vector according to any one of claims
28-39, wherein the eukaryotic cell line secretes about 5 to about 100 picograms of functional

antibody per day.
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ct ggcaccaagct ggaact gaaacgt acggt ggct gcaccatctgtcttcatcttcccgc2280

cat ct gat gagcagt t gaaat ct ggaact gcctct gt t gt gt gcct gct gaat aacttct 2340

at cccagagaggccaaagt acagt ggaaggt ggat aacgccct ccaat cgggt aact ccc2400
aggagagt gt cacagagcaggacagcaaggacagcacct acagcct cagcagcaccct ga2460
cgct gagcaaagcagact acgagaaacacaaagt ct acgcct gcgaagt cacccat cagg2520
gcct gagct cgecccgt cacaaagagcet t caacaggggagagt gttgaattcctccct ccc2580
ccccccct aacgttact ggccgaagcecgcett ggaat aaggccggt gt gegtttgtct at a2640
tgttattttccaccatattgccgtcttttggcaat gt gagggcccggaaacct ggccct g2700
tcttcttgacgagcattcctaggggtctttcccct ct cgccaaaggaat gcaaggt ct gt 2760

t gaat gt cgtlgaagfeagkagtit cell tibggfadamt40c vhgeaagaecakagarcgl it girae2sd@ell or
cgaccctttﬂ;gggFagcggaaccccccacctggcgacaggtgcctctgcggccaaaagc2880
cacgt gt at-adgat acacct gcaaaggcggcacaaccccagt gccacgtt gt gagtt gga2940

t agtt gt ggaaagagt caaat ggct ct cct caagcgt at t caacaaggggct gaaggat g3000
cccagaaggt accccatt gt at gggat ct gat ct ggggcct cggt gcacat gctttacat 3060
gtgtttagt cgaggttaaaaaacgt ct aggccccccgaaccacggggacgtggttttcct 3120

t t gaaaaac4x gat T haainaligoeiitod gagcLlt, o/adreih tigaiadintatian Eefitic gaibgbdrgddddéd from
ctacgcgt gt cct gt cccaggt ccagc tcc ctga t gaaacagt 93240 .
G00ctt oo ol BB ETE Tyt A, PR SRS e d PR T B g RR G s Ea g cinese
act gggt gamasegaatycell g@Hagtigcct ggagt ggatt ggatattt ct ct cccggaa3360
acgatgattttaagt acaat gagaggtt caagggcaaggccacact gact gcagacacat 3420

ct gccagcact gcct acgt ggagct ct ccagcct gagat ccgaggat act gcagt gt act 3480

t ct gcacaagat ccct gaat at ggcct act ggggacagggaaccct ggt caccgt ct cca3540
gcgct agcagcaa cccat tett.ccccat ggecacce t ccaagagcacct ct g3600
ggggcacagtygec @Eﬁ@?@%ﬁ?@é%8%@6@%3@5@?@6%@%8%%ccggtgacggtgt3660

cgt ggaact caggcgccct gaccagcggcgt gcacaccttcccggcet gt cct acagt cct 3720
caggact ct act ccct cagcagcgt ggt gaccgt gccct ccagcagcet t gggcacccaga3780

cct acat ct gcaacgt gaat cacaagcccagcaacaccaaggt ggacaagaaagtt gagc3840 3
ccaaat ct t gi gacERIaHt GAGHCIAINDLY; HBE6iE tIgoeat aalqgmﬁamﬁah@gsaﬁ&gﬁaing of
aagccaaag agccccgagaaccacaggt gt gcaccet gcccccat ccc t.gagc 396!
tgaccaagd§§§§8698§g§%ﬁaﬁﬁg?ﬁﬁg¥%gﬁ%ﬁ%ﬁﬁg@@?@?ﬁﬁéeeﬁgg%@&%ﬁ%égﬁgga
ccgt ggagt gggagagcaat gggcagccggagaacaact acaagaccacgcct cccgt gc4080

t ggact ccgacggctccttcttcct ct acagcaagct caccgt ggacaagagcaggt ggc4140
agcaggggaacgt cttct cat gct ccgt gat gcat gaggct ct gcacaaccact acacgc4200
agaagagccasct cCriegbst @098 dhianet, 9aIH atPedhadiattg@c ccgggcagat ct gat 4260

46. A method of producing functional antibodies comprising culturing the eukaryotic cell
line according to claim 45 in a cell culture to produce functional antibodies and recovering the

functional antibodies from the eukaryotic cell culture.

47, A polycistronic vector for expressing functional antibodies in eukaryotic host cells

comprising the following elements operably linked in the 5’ to 3’ orientation:
(a) a promoter operable in a eukaryotic host cell;
®) a first cistron comprising;:

(i) a first nucleotide sequence encoding a variable region of a CC49 light

chain antibody; and
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ccgttaacggttaccaact acct agact ggat t cgt gacaacat gcggccgt gat at ct a4320

cgt at gat cagcct cgactgtgccttctagttgccagccatctgttgtttgeccctcccc4380
cgtgccttccttgaccct ggaaggt gccactcccactgtcctttcct aat aaaat gaggad4440
aattgcatcgcattgtctgagtaggtgtcattctattctggggggt ggggt ggggcaggads500
cagcaagggggaggat t gggaagacaat agcaggcat gct ggggat gcggt gggct ct at 4560
ggctt ct gaggcggaaagaaccagct ggggct cgacagcgct gcgat cgect cgact agt 4620
agctttgcttctcaatttcttatttgcat aat gagaaaaaaa aaattaattttaacade80 .
ccaat t cagt agt t gat t JdycadafPey P‘E‘é@&geaséﬁ‘%b"e??'g@i“cgtae@%&é‘&?éi"@f’fqﬁﬁ‘bg light
ct ct gcacagmihaag@dgaaacat t at t cagagggagt acccagagct gagact cct aag4800
ccagt gagt ggcacagcat ccagggagaaat at gctt gt cat caccgaagcct gatt ccg4860

t agagccacaccctggta J . ; gggcaggagccag4920
ggcagagcatataéggtgggg%%ggﬁ%%%gf%%%@%%?@g%%1 tgcttctgacat agtt 4980

gtgttgggagcttggatagc t gggggggggacagct cagggct gcgat tt cgcgccaaas040
cttgacggcaat c hgcd?& gecreycalgat ¢MPEEEEccget gecat cat ggt t ¢5100
gaccatt gaact gcat cgt cgccgt gt cccaaaat at ggggat t ggcaagaacggagacc5160
t accct ggcct ccgct cadfaac gdgsttruelagidacequersa aeydiag gaeiabieaagion of 4 622Dheavy
cagt ggaaggt aaaga at t at gggt aggaaaacctggttctccattcct g5280
agaagaatcgacc?%?ggggégggggattaatatagttctcagtagagaactcaaagaac5340
caccacgaggagctcattttcttgccaaaagtitggat gatgccttaagacttattgaac5400
aaccggaattggcaagtaéébta@d@&ﬂ@gﬂ?F@ﬁgﬁﬁﬁFBﬁbﬁﬁaﬁﬁbFﬁ%@%ﬁ%f%%@SﬁGbCC49

aggaagccat gaatizaachagamaaggt cagact cttt gt gacaaggat cat gcaggaat 5520
tt gaaagt gacacgtttttcccagaaattgattt ggggaaat at aaacttct cccagaat 5580

acceaggedifeleleldadh ceagoaonannaagacal canalalangl Li9aadl ehagdd 0.
acgagaagaaagactaacaggaagat gctttcaagttctct gct cccctcetaaaget at
gcat tttt adndaigat vathgggeat to tthe tiirg gt tfoathatuckgtidet segaoteginge etkiagyb b/ Bt cell

agttgccag t cccgtgcecttccttgaccct ggaaggt gcecs5820
actcccact%ﬁ%&@&%&?@%&%ﬁ%ﬁgg%gégaaattgcatcgcattgtctgagtaggtgt5880

cattctattct ggggggt ggggt ggggcaggacagcaagggggaggat t gggaagacaat 5940
agcaggcat gct ggggat gcggt gggct ct at ggctt ct gaggcggaaagaaccagct gg6000
ggct cgaagcggccgcet ccggat cgaggecgcet act aactctctcctcecctcectttttcc6060
t gcaggacgéygc difegmipgstratic ytggcoiggasat adgaic te t fomtibgd gotigdieg Gie? Buman,
tgctcgacgttatcact C a ct ggct gct at t gggcgaagt gccgggge6180
aggatctcclgggg(gfﬁgﬁg %gg?%gggéégagaaagtatccatcatggctgatgcaa6240
t gcggcggct gcat acgctt gat ccggcet acct gcccatt cgaccaccaagcgaaacat c6300
gcat cgagcgagcacgt act cggat ggaagccggt ct t gt cgat caggat gat ct ggacg6360

49. The polycistronic vector of claim 47, wherein the eukaryotic host cell is chosen from a

group consisting of a mammalian, fungal, yeast and CHO cells.

50. The polycistronic vector of claim 49, wherein the eukaryotic host cell is a CHO cell.

51. The polycistronic vector of claim 47, wherein the first and second nucleotide sequence is
expressed at a ratio ranging between 5:1 and 1.5:1 with respect to the third and fourth nucleotide

sequence.

52. The polycistronic vector of claim 47, wherein the internal ribosome entry site (IRES) is

selected from a group consisting of cardiovirus, poliovirus, and herpes virus.

60



aagagcat caggggct cgcgccagccgaact gt t cgccaggct caaggcgcgcat gcccg6420
acggcgaggat ct cgt cgt gacccat ggcgat gcct gct t gccgaat at cat ggt ggaaa6480
atggccgcttttctggattcat cgact gt ggccggct gggt gt ggcggaccgct at cagg6540
acat agcgttggct acccgt gat att gct gaagagct t ggcggcgaat gggct gaccgct 6600
tcctcgtgcectttacggtatcgceccgetcccgattcgcagcgcat cgecttctatcgecttc6660
ttgacgagttcttct gagcgggact ct ggggtt cgaaat gaccgaccaagcgacgcccaa6720
cctgccatcacgag@%ttcgattqcaccgcc cqttctatgaaaggttgggcttcggaat67SD .
cgt t t t ccgifgacgteRpbratis FeCdt cdylge Jy§eit the dnEEelyHbriPe cpEg it is 2
cgcccaccCaadidvirgd deledicl GoAGGduplcamistind sfEhosphAsRgiadnis 3G6RAMeagAGH) Mous-
aatttcacaﬁgtgafgcatttttttcgﬁégc t.tctagttgtggtttgtccaaact cat c6960

aat gt at ct F8eredt Yius g e @é%%g%@ gcggt ggagcet tt aat t aag7020
gcgcgccagct ccagettttgttccctttagt gagggttaattt cgagcettggegt aat c7080
atggtcatagctgtttcctgtgtgaaattgttatccgct cacaattccacacaacat acg7140
agccggaagcat aaagt gt aaagcct ggggt gcct aat gagt gagct aact cacat t aat 7200

t gcgt t gcgss cactiyGofeiirdric ¢ ©f IIma 85; GHtigietOthe Gftd4 rih6sdhicadirg {4 from
aat cggccaacgcgcggggagaggeggttt gecgt at t gggcgcetcttccgettcct cget 7320 4
cact gact cHERjRpRYegEtt e ggct gcggecgageggt at caget cact caaagge 7380

ggt aat acggtt at ccacagaat caggggat aacgcaggaaagaacat gt gagcaaaagg7440
ccagcaaaaggccaggaaccgt aaaaaggccgcgttgctggcgtttttccat aggct ccg7500
cccccct gacgagcat cacaaaaat cgacgct caagt cagaggt ggcgaaacccgacagg7560

act at aaagst ac cRRGeRtiktaiCkelon BPANM HC Fh&ah Bdakdidtie piintdkd GAL hBRMalian,
cctgccgcettaccggat acctgtccgectttctccectt cgggaagegt ggecgetttctca7680

t agct cacg¥eeyCaY i BeEPEhagt t cggt gt aggt cgt t cgct ccaaget ggget gt gt 7740
gcacgaaccccccgttcagcccgaccgct gcgectt at ccggt aact at cgt ctt gagt c7800
caacccggt aagacacgactt at cgccact ggcagcagccact ggt aacaggat t agcag7860
agcgaggt at gt aggcggt gct acagagtt ct t gaagt ggt ggcct aact acggct acac7920

t agaaggacegt at e JalylsGd e 9&kdr @ ClAR39CHRAIA AeClrbhaBRRaRREED iréR group
t ggt agct ctt gat ccggcaaacaaaccaccgct ggt agcggtggtttttttgttt gcaad040
gcagcagat%ﬂﬁﬁ@g@g@€%%5§¥ﬁ%§&Wéﬂ HHpARgRIEct ttgatctttt ct acggg6100

gt ct gacgct cagt ggaacgaaaact cacgtt aagggatttt ggt cat gagatt at caaa8160
aaggatcttcacctagatccttttaaattaaaaat gaagttttaaat caat ct aaagtat 8220

at at gagt aaactt ggt ct gacagtt accaat gct t aat cagt gaggcacct at ct cagc8280

gat ct gt ct &t t t opfet CALGCGATAILLICH ARt K€ WhemIhe AgAAE PrAAAt 830 cmv

acgggagggcttaccat ct'/ggccccagt gct gcaat gat accgcgagacccacgct cacc8400
promoter.

58. A eukaryotic cell line comprising a polycistronic vector according to any one of claims

47-57 wherein the eukaryotic cell line secretes about 5 to about 100 picograms of functional

antibody per day.

59. The eukaryotic cell line of claim 58, wherein the eukaryotic cell is mammalian cell or
yeast cell.

60. The mammalian cell of claim 59, wherein the mammalian cell is a member selected from

the group consisting of baby hamster kidney cells, fibroblast cells myeloma cells, and Chinese

hamster ovary cells (CHO cells).
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ggctccagattt at cagcaat aaaccagccagccggaagggccgagcgcagaagt ggt cc8460
tgcaactttatccgcctccatccagtctattaattgttgccgggaagcet agagt aagt ag8520
ttcgccagttaatagtttgcgcaacgttgttgccattgct acaggcat cgt ggt gt cacg8580
ctcgtcgtttggtatggcttcattcagctccggttcccaacgat caaggcgagttacat g8640
atcccccat gtt gt gcaaaaaagcggttagct ccttcggtcct ccgat cgtt gt cagaag8700

t aagtt ggccgcagt gtt at cact cat ggtt at ggcagcact gcataattctcttact gt 8760

cat gccat ccgtaagatgcttttct gt gact act cgpagtcattct gaga8820

at agt gt at %gggﬁgd%ﬂaﬁﬁ?@8gk fé@%%ggﬁg%gﬁﬁﬁggéégataataccgcgcc8880

acat agcagaacttt aaaagt gct cat catt ggaaaacgtt ctt cggggcgaaaact ct c8940
aaggat cttaccgct gtt gagat ccagtt cgat gt aacccact cgt gcacccaact gat c9000
ttcagcatcttttactttcaccagcgtttctgggt gagcaaaaacaggaaggcaaaat gc9060
Ccgcaaaaaagygaalteaggtcdlast akg 6% athgleingRafeadst telbit sdtdceddtfioat the floep&h&fting of
atattattgaagcatttat ttattgtctgcat gagcggat acqgs atttgaat.gtat 9180

[t agaann s AP STt PR Se SO e LRt e BaN g A0 o115
3548 <212> DNA <213> Artificial Sequence <220> <223> Description of
Artificial Sequence: Synthetic polycistronic expression construct nucl eotide
sequence <400> 3

ct gacgcgcext gt BFGAGE St CRAYER GOBE $0YEHH @ebggt t acgcgcagegt ga60
ccgctacactt gccagcgccct agcgeccgetcctttegetttcecttcececttectttctcgl20
ccacgttcgccggctttcceccgt caagcet ct aaat cgggggct ccctttagggttccgat 180
ttagtgctttacggcacct cgaccccaaaaaactt gattagggt gat ggttcacgt aggg240

t cgcgacgt accgggceccccccect cgatt agt agat ct ct caccat gagggt ccccgct ca300 |

gct cct gggtt ccf?gaesf@étoétpg@efle% ?@@&n@k%bﬁﬁtcg@gagg& %E%ﬁﬁc?&@@(?m cell
aaggt ggaapdeCaendigs acdgmndych aGal caiued @ipedducafufidtions] GeEkedles hﬁlﬁxfeicggring the
gagcagt t gaaaf ct actgectctgttgtgtggetgcet gaataacttctatcccaga
gaggccaaa 363@%%aﬁﬁﬁggﬂagFﬁH%gE%&?@E&&WEQggtaactcccaggagagt540

gt cacagagcaggacagcaaggacagcacct acagcct cagcagcaccct gacgct gagc600
aaagcagact acgagaaacacaaagt ct acgcct gcgaagt cacccat cagggcct gagc660

t cgcccgt cacaaagagct t caacaggggagagt gt t gaatt cct ccct ccccecececcct 720
aacgtt act ggccgaagccgcet t ggaat aaggccggt gt gecgtttgtctatatgttattt 780
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tccaccatattgccgtcttttggcaat gt gagggcCCggaaacct ggccctgtcttcttg840 5
acgagcattcctagtggtctttcccct ctcgccaaaggaat gcaaggt ct gt t gaat gt c900

gt gaaggaagcagtt cct ct ggaagctt ctt gaagacaaacaacgt ct gt agcgaccctt 960

t gcaggcagcggaaccccccacct ggcgacaggt gcct ct gcggccaaaagccacgt gt a1020
t aagat acacct gcaaaggcggcacaaccccagt gccaggtt gt gagtt ggat agtt gt g1080
gaaagagt caaat ggct ct cct caagcgt at t caacaaggggct gaaggat gcccagaagl1140
gtaccccatt gt at gggat ct gat ct ggggcct cggt gcacatgctttacatgtgtttagl200
t cgaggtt aaaaaacgt ct aggccccccgaaccatpgggaEcytggret t cct t t gaaaaal260
cacgat gat aat at gggtt ggagcctcatcttgctcttccttgtcgctgttgetacgegt 1320
atttaaatgb%%gggg% Byi¢dabet ccagettttgttceccttt agt gagggttaattt c1380
gagct t ggcgt aaf 86t€ﬁ? gtttcctgtgtgaaattgttat ccgct cacaat 1440

t ccacacaacal acgagecagaag6akaaaghgt 4aagealgagat geet aat gagt gag1500
ctaact cacattaattgcgttgcgct cactgccecgetttccagt cgggaaacct gt cgt g1560

ccagct gcaiinzat garteggoeaacgcgcggggagaggeggt ttgegt at t gggcget 1620
ttccgcttcctcgetcact gact cgetgegcet cggt cgttcgget gcggcgageggt at c1680
agct cact edagyegbadtlacggt t at ccacagaat caggggat aacgcaggaaagaal740
cat gt gagcdeaaggtcadcdaaaggccaggaaccgt aaaaaggccgegt t gct ggegtt 1800
tttccataggctccgecccccct gacgagcat cacaaaaat cgacgct caagt cagaggt g1860
gcgaaacceydcagygact atdaagat accaggcgttt ccccct ggaagctccct cgt gcgl920
ct ct cct gridegaetictgcicget t accggat acct gt ccgectttct cecctt cgggaagl1980
cgtggcgcggi&;g %ﬁgCé&pcgctgtaggtatctcagttcggtgtaggtcgttcgct02040
caagctgggg]gtgigggggg@ccccccgttcagcccgaccgctgcgccttatccggtaaZlOO
ctatcgtcttgagt ccaacccggt aagacacgactt at cgccact ggcagcagccact gg2160
t aacaggaktegcagagcgaggt at gt aggcggt gct acagagtt ctt gaagt ggt ggcc2220
t aact acggct acact agaagaacagt attt ggt at ct gcgct ct gct gaagccagttac2280
ct t cggaadhddgadrtggtaget ct1 gat ccggcaaacaaaccaccgcet ggt agecggt gg2340
tttttttgtifgcaagcagcagatt acgcgcagaaaaaaaggat ct caagaagat ccttt 2400
gatctttt ctacgg@at ct gacgct cagt ggaacgaaaact cacgtt aagggatttt ggt 2460
cat gagat katcas@maggat ctt cacct agat cctttt aat t aaaaaat gaagttttaa2520
at caat ct a2lagt at witftat gpdgEea@et¢ ggt ct gacagtt accaat gctt aat cagt ga2580
ggcacctagctcagcgatctgtctatttcgttcatccatagttgcctgactccccgtcgt2640
gt agat aacAcapl ac0gaaguetlaccal o gdeecaagtaglgcaat gat acegeg2700
agacccacgct cagcgqet coagal t t at cagcaat aaaccagccagccggaagggcecga2760
gcgcagaagt ggt cctgcaactttat ccgcctccatccagtctattaattgttgccggga2820
<400> 1 :

Gly Gly Ser Ser Gly Gly Gly Gly Ser Gly
1 5 10

<210> 2

<211> 9233

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic

nucleotide sequence of HuCC49

<400> 2

ctgacgcgcc gcattaagcg cggcgggtgt ggtggttacg 60

tttcttcecct

ctgtagcggc cgcagcgtga

ccgctacact
ccacgttcgc
ttagtgcttt
tcgcgacgta
ttcttatttg

tgccagcgcc
cggctttccc
acggcacctc
ccgggccccce
cataatgaga

ctagcgcccg
cgtcaagctc
gaccccaaaa
cctcgattaa
aaaaaaggaa

ctcctttcgce
taaatcgggg
aacttgatta
ttaatcgagc
aattaatttt

gctcccttta
gggtgatggt
tactagcttt
aacaccaatt

tcctttctcg
gggttccgat
tcacgtaggg
gcttctcaat
cagtagttga

120
180
240
300
360



agct agagt aagt agtt cgccagttaatagtttgcgcaacgttgttgccattgctacagg2880
catcgt ggt gt cacgct cgt cgtttggt at ggcttcattcagct ccggttcccaacgat c2940
aaggcgagtt acat gat cccccat gt t gt gcaaaaaagcggttagct ccttcggt cct cc3000
gat cgtt gt cagaagt aagt t ggccgcagt gt t at cact cat ggtt at ggcagcact gca3060
taattctcttactgtcatgccatccgtaagatgcttttctgtgactggtgagtactcaac3120
caagt cat t ct gagaat agt gt at gcggcgaccgagtt gct ctt gcccggcgt caat acg3180
ggat aat accgcgccacat agcagaact tt aaaagt gct Cat catt ggaaaacgttcttc3240
ggggcgaaaqedLtcanggadichi AcC9algl i Qagal.geaghl cgat gtagac ceasd-a933a0
t gcacccaaatgatetdsCc ageabeddat facttiLacoageqittt chggyhgagcaanmacadd6o
aggaaggc aaaaicgsopC a&saa ey gaaicangygg cyacavggaaat glabgaattaciacat 34 200
act ctt cct te3aogacaat ¢ ect GRAageINIR L RE Yt 1R Y @Fé%@&?@hg@@@&?ﬁ%ﬁ@o
cat atttgaé‘? éﬁ%aa ‘é%éé%ﬁréa‘é‘t"éé%&té ff%aG E éﬁ%ﬁffacé{i% 3%1%55
agt gccac354 gjence <220>

aga C?ﬁt@ tgc i Caa Cg%&; g‘FF
<223> Des¢ ggﬁf QleARL i éi%cgg%éq UBRE B Bl &EE’ @E’j‘éééggwlsg@ i de
sequence 6gq54Q0

Ett4gcaggtaagt gcggccgctce taggcctcca aaaaagcctc ctcactactt 900
ct gacgcgceeighage]yecgeatiaagagegatgogicgt ggt gohbacgegt agegiagasd 960
ccgct acactetgroagey oeTiiaguge teye v oatt tccggegetam-:tttaewtcmqstattvmcsgagzow0
ct acgt t cQEEIRFETEIT CeT G 8%etg et (CrPaRRt CEyg éc‘-’ét:f‘tga @@FF&%‘%SFHSBGOBO

ttagtgett F&%ﬁ@@%ﬁfctﬁ&@fé&&?a&%@é&&%ﬁ@ %{tgt;a%q gtagt; : tacyt % 8;38
t cgcgacgt geaqaere CEGCEEaat ﬁ@ﬁﬁg%ﬁkc tcgig 260
ttcttattt gealAalgagagalaaaggar’d ctg@aéatafawg%‘éa%@@égf&a«gtc@gé 9@3:;6 320
t t gagcaaatagegictgeC aaanagagat gedsttagagacagtght Cotigeacagabaaggd?@3so
acaaacat t akrtoagagggagitacewagaget gagaecdtegidagcragttgacd gyececagds80440

_cat ccaggg a%&?'a%fg@mﬁtgémgca@%gaw@cwém%@ g BRFOE 8 £6841°§854 0500
t aagggccad E Qé?ﬁi‘qg gf\%égg{a é%@g& %@E‘étﬁfﬁé 8228
t gaggt aggacttg ELartgelcata ggatdg §§6 580
at cgat cct GeadBetiPpAssargaitggadl.gencisagde &E Q@gg&ﬁ@@& 1.0881864LQ 740

agaggct at teggtbatfact GYgeAc aaptgataat cggadage t whgalcges geeedtghd8A 800

tcgcctggag
aggtgctcat
agtctccaga
gccagtccct
cagggcagag
atcgcttcag
cagaagacgt
ctggcaccaa
catctgatga
atcccagaga
aggagagtgt
cgctgagcaa
gcctgagcetce
ccccceccctaa
tgttattttc
tcttcttgac
tgaatgtcgt
cgaccctttg
cacgtgtata
tagttgtgga
cccagaaggt
gtgtttagtc
ttgaaaaaca
ctacgcgtgt
gggcttccgt
actgggtgaa
acgatgattt
ctgccagcac
tctgcacaag
gcgctagcac
ggggcacagc
cgtggaactc
caggactcta
cctacatctg

acgccatcac
gctcctgctg
ctccectggcece
gctctatagce
ccctaaactg
cggcagcgga
ggcagtctat
gctggaactg
gcagttgaaa
ggccaaagta
cacagagcag
agcagactac
gcccgtcaca
cgttactggc
caccatattg
gagcattcct
gaaggaagca
caggcagcgg
agatacacct
aagagtcaaa
accccattgt
gaggttaaaa
cgatgataat
cctgtcccag
gaagatttcc
acagaatcct
taagtacaat
tgcctacgtg
atccctgaat
caagggccca
ggccctgggce
aggcgccctg
ctccctcage
caacgtgaat

agatcaaagc
ctgtgggtga
gtgtccctgg
ggaaatcaga
ctgatttact
tctgggacag
tattgtcagc
aaacgtacgg
tctggaactg
cagtggaagg
gacagcaagg
gagaaacaca
aagagcttca
cgaagccgct
ccgtcttttg
aggggtcttt
gttcctctgg
aaccccccac
gcaaaggcgyg
tggctctcct
atgggatctg
aacgtctagg
atgggttgga
gtccagctgg
tgcaaggcaa
ggacagcgcc
gagaggttca
gagctctcca
atggcctact
tcggtcttcece
tgcctggtca
accagcggceg
agcgtggtga
cacaagccca

tttgatctct
gcggcacatg
gcgagagggt
agaactatct
gggcatccgc
acttcactct
agtattatag
tggctgcacc
cctctgttgt
tggataacgc
acagcaccta
aagtctacgc
acaggggaga
tggaataagg
gcaatgtgag
cccctctege
aagcttcttg
ctggcgacag
cacaacccca
caagcgtatt
atctggggcc
ccccccgaac
gcctcatctt
tgcagtccgg
gcggctacac
tggagtggat
agggcaaggc
gcctgagatc
ggggacaggg
ccctggcacc
aggactactt
tgcacacctt
ccgtgeccctce
gcaacaccaa

caccatggat
cggcgacatc
gactctgaat
cgcctggtat
tagggaatcc
gacaatcagc
ctatcccctce
atctgtcttc
gtgcctgetg
cctccaatcg
cagcctcagce
ctgcgaagtc
gtgttgaatt
ccggtgtgceg
ggcccggaaa
caaaggaatg
aagacaaaca
gtgcctctge
gtgccacgtt
caacaagggyg
tcggtgcaca
cacggggacg
gctcttcctt
cgctgaggtg
cttcactgat
tggatatttc
cacactgact
cgaggatact
aaccctggtc
ctcctccaag
ccccgaaccg
cccggetgte
cagcagcttg
ggtggacaag

agccaggccc
gtgatgagcc
tgcaagtcca
cagcagaaac
ggcgtgcectg
agcgtgcagg
acattcggcg
atcttcccge
aataacttct
ggtaactccc
agcaccctga
acccatcagg
cctccctccc
tttgtctata
cctggccctg
caaggtctgt
acgtctgtac
ggccaaaagc
gtgagttgga
ctgaaggatg
tgctttacat
tggttttcct
gtcgctgttg
gtgaaacctg
cacgcaatcc
tctccecggaa
gcagacacat
gcagtgtact
accgtctcca
agcacctctg
gtgacggtgt
ctacagtcct
ggcacccaga
aaagttgagc

1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840



t ccggct gt cagcgcaggggcgeccggttcttttt gt caagaccgacct gt ccggt gccc840

t gaat gaact gcaggt aagt gcggccgct ct aggcct ccaaaaaagcct cct cact actt 900

ct ggaat agct cagaggccgaggcggcct cggcct ct gcat aaat aaaaaaaat t agt ca960
gccat gcat ggggcggagaat gggcggaact gggcggagt t aggggcgggat gggcggagl1020
tt aggggcgggact at ggtt gct gact aatt gagat gcat gctttgcatacttctgcct g1080
ct ggggagcct ggggactttccacacct ggttgct gact gatt gagat gcatgettt gcall4o
tacttctgcctgct ggggagcect ggggactttccacacccCt aact gacacacattccacal200
gaatt aat t cesit-agid atiaatagt aadacasdtacgggedcat daagidseat ageseatd26000
at at ggagt taeggrgidsagadractdaacggraaatggrec goct ggetgatcyoroaacgid 2060
acccccgcccattgasyt eamgamsgaegqaa@@qcpcwapawaa@gee%maqg a@qatti@g@w

tccatt gacgil‘:?:acéégyg?ggﬁgsﬁtt E% %&agzgéﬁét‘gggﬁ 8@@&5@@ 12143(980
t gt at cat at et ‘a cal oyedoint
attat gcccaagﬁéﬁé’é i @E&qgéigtgtgtga%tt agl.decagt L&Igagg.laggmg ggg

t cat cgct atd-gaaGat 4ot 9al-geaat tidggcagt acrtcartglcslLoatageag-15
tt gact cacggggﬁ;tat&acgaag&'rga&xfgca@@ﬁea&atggatﬁ_zgt:emtagggagxtgtttgtdcbtggxaz’aﬁ&ﬂ 80
accaaaat caacgggact ttocaasat giaytaacaasicecygseccoattgasycraat ggiy 4340

gcggt aggcgrgteeser 99 gtﬁaf@pa%@éagfﬁgeﬁ t SOGOPIAE CFEERFIIBHGO0
t cgect gga% g@ea&i%ae tetgeieas @%g gagﬁf %E%ﬁ?cﬁ@?%‘ﬂ%%@éw
cccect ggoaEEy et dasageA @iéﬁk Fdcelauaet dect 1%

caaggact acl.LeGeegaageqat gac tgg@&%&ﬁgg&&%@&tcgéca@@g 8340

cgt gcacaccdtt EGgge tagsa:g@;aa&ag&mhe&gga@g@h@@kcwtga@cg@ag;‘agtg@tazgm 00
gaccgt gccotcecagoay ot gggeac ceagagtiaacatoct graacglgartbe acaagoc2d 0B 60
cagcaacac c@awcggaéaa@@éaﬁi 13 @%@é%@aﬁ%%?@%@a@@@é@@% aEqeMG 2&64(92 0

cccaccgt gd‘@&% SCC PO et % gaaé’ 8& gf Pt LELEITee g&‘&%ﬁfg?’ég
acccaaggacich E@i qarEteetog Cacaottitdoiiugt 4ds %qq,ftté?
gagccacgaagacatbgaggteaagid %@@g%&g_ica 99869960 0gRagt Seat /323

t gccaagacaﬁag@fgg@ggga@gag@ghaﬁamgs@ﬁgtmg&@bggjaeagﬁghe&tc%m20
caccgtcct gﬁacmggqacttagg@bgaak:gmaaggag@mawtagmg@t@t ccaacaald G380
agccct cccajeeteesd ¢gal aaa@t@a?a@ﬁ%taaa §@@ee§gaﬁ@@%zﬁ@4o

acaggt gt ac’?&&?ﬁgg%%éé‘éhﬁa@a:?:pgga X (98%%% g@% T o

ctgcct ggt caaatigal f Chal CocAuGgataL Gacs ogia

gccggagaacaasiacaaFacsat gecbeLpgl 9ot ggacteagasggeiLet th:tcE:Qé'gtaat.? G080

ct acagcaagetcanegt ggacaagaycaggbggrageaggggaacyiscitasy catgedac27 6340

cgt gat gcataragyebes gea@a*&e@aeﬁwaf i g%?ﬁag@@t eIt eedegt c{teegg}gzszooo
{%ace

t aaat gaggagccéE%lti"i: 3€Tgéfgc&é%“ﬁg 2t %\ﬁéggﬁg&t gfg_:{ég 8?%2 :

agttgccagce cccgtgcecet

ctcc

actcccactg
cattctattc
agcaggcatg
ggctcgaagc
tgcaggacga
tgctcgacgt
aggatctcct
tgcggcggcet
gcatcgagcg
aagagcatca
acggcgagga
atggccgctt
acatagcgtt
tcctegtget
ttgacgagtt
cctgccatca
cgttttcecgg
cgcccacccea
aatttcacaa
aatgtatctt
gcgcgccagce
atggtcatag
agccggaagc
tgcgttgege
aatcggccaa

tcctttecta
tggggggtag
ctggggatgc
ggccgcetceceg
ggcagcgcgg
tgtcactgaa
gtcatctcac
gcatacgctt
agcacgtact
ggggctcgeg
tctcgtegtg
ttctggattc
ggctacccgt
ttacggtatc
cttctgagcg
cgagatttcg
gacgccggct
acttgtttat
ataaagcatt
atcatgtctg
tccagectttt
ctgtttcctg
ataaagtgta
tcactgcccg

cgcgcgggga

ataaaatgag
ggtggggcag
ggtgggctct
gatcgaggcc
ctatcgtggc
gcgggaaggg
cttgctcctg
gatccggcta
cggatggaag
ccagccgaac
acccatggcg
atcgactgtg
gatattgctg
gccgctcecceg
ggactctggg
attccaccgc
ggatgatcct
tgcagcttat
tttttcactg
gatcgcggcec
gttcccttta
tgtgaaattg
aagcctgggg
ctttccagtc

gaggcggttt

gaaattgcat
gacagcaagg
atggcttctg
gctactaact
tggccacgac
actggctgcet
ccgagaaagt
cctgcccatt
ccggtcttgt
tgttcgccag
atgcctgctt
gccggctggg
aagagcttgg
attcgcagcg
gttcgaaatg
cgccttctat
ccagcgcggg
aatggttaca
cattctagtt
ggccgccacc
gtgagggtta
ttatccgctce
tgcctaatga
gggaaacctg

gcgtattgygg

cgcattgtct
gggaggattg
aggcggaaag
ctctcctecece
gggcgttcct
attgggcgaa
atccatcatg
cgaccaccaa
cgatcaggat
gctcaaggcg
gccgaatatc
tgtggcggac
cggcgaatgg
catcgcctte
accgaccaag
gaaaggttgg
gatctcatgc
ataaagcaaa
gtggtttgtce
gcggtggage
atttcgagct
acaattccac
gtgagctaac
tcgtgccagce
cgctcttccg

gagtaggtgt
ggaagacaat
aaccagctgg
tcctttttee
tgcgcagcetg
gtgccgggge
gctgatgcaa
gcgaaacatc
gatctggacg
cgcatgcccg
atggtggaaa
cgctatcagg
gctgaccgct
tatcgccttce
cgacgcccaa
gcttcggaat
tggagttctt
tagcatcaca
caaactcatc
tttaattaag
tggcgtaatc
acaacatacg
tcacattaat
tgcattaatg
cttcctcgcect

5880
5940
6000
6060
6120
6180
6240
6300
6360
6420
6480
6540
6600
6660
6720
6780
6840
6900
6960
7020
7080
7140
7200
7260
7320



caacat gcggccgt gat at ct acgt at gat cagcct cgact gt gccttct agtt gccagc2940
catctgttgtttgccecct cccecegt gectt cctt gaccct ggaaggt gecact cccact g3000
tcctttcct aat aaaat gaggaaattgcatcgcattgtctgagtaggtgtcattctattc3060

t gggggt ggggt ggggcaggacagcaagggggaggat t gggaagacaat agcaggcat g3120
ct ggggat gcggt gggct ct at ggct t ct gaggcggaaagaaccagct ggggct cgacag3180
cgctgcgat cgcctcgactagtagectttgettctcaatttcttattt gcat aat gagaaa3240
aaaaggaaaattaattttaacaccaattcagtagttgatt'gagcaaat gcgtt gccaaaa3300

aggat gct t t-agagacag-gldLt 64H6agr08d RAGUREFARE A adlde 89 2008RAES36050
acccagagcigagactes -aageaagdf gaghogoac ageatacagggagaast abgeddgad 2Q4y
t cat caccga:ag@aatagw tgccagiqagraggcaaaaamctsg@taﬁggggmaamtctg@temc@@as@o
ggat agagagggead g tavHga ey P %ﬁcsa tacgesaces 35460

cacatttgctaFé‘E"ijé‘éﬁété f‘t 9?‘1 Cé ‘Eﬁgt Géé'é 236080
el
at cceeget gecal Cat Jdrisgacsat gcal-c gl g ggqg GEC

gggatt ggCQ@QQ&QQ%Q@Q&EQQ@&ttgg:gggi&cgégagaigﬂ:@a&g@@atagﬁ%ﬁaﬁg
Caaagaat gageaimast st hiLagt Jgasaggdraacaganiset gyt aalt atagggétaggcsaéﬁ)o
aaaacct ggttactawatd @@agaga@gaatqygatmt vt FaagFacagastttaatsabagior@90080
ct cagt agagdderrasafaacsaeeneaegs é%ﬂtlgﬁ%%tSgiﬁéat&&a’gtttttga'@at:%@@@‘m

gat goot { asyEEqLaLt desTEAst e g gg
gt cggaggcalt L1 grl taaﬁ&%ggggea%geé t caACEaggceACLT e gicckgi {20
gt gaCaaggaétgaéa@@aaggaaiégkeegﬁlagégqag@&gLigtcttttg&@agﬁéﬁégf«:g@ deb 809844 49
aaat at aaaojaltettg&eeaagaa&g':t(ﬁe@taggst@beeécctfdagagghcmggﬁgga&aaagg@éle(m40
at caagt at gt tdsgeagitet @t gegaagaraayac t ae agpjaagatgoitt caagitice42®000
tct gctccccﬁgéé‘tcaaa éﬁafcg@a%% ttF%aa-‘Fa ABCHIGRAFACI TP RYEEY FERE ﬂ%?@so

Em e e

ttccttgacq&g
atcgcatt gtacct:g@egtaaggttgé&agsactaa&ég@ 840000t ggget gggg&agga&@%@a
gggggaggatdagggaaga eaas g eaggealg es gJgaabooggt gggeint atggetd-e456060

t gaggcggaaagaa@cagcgttgg@gemgaagsgwcgmteeggat ttgagrg@egcsiaamtaa%z@w

ct ct ct cct P eTEEY tclgg%?tag %%g E§ %@ g r@gg%g é%‘?ﬁ% 91‘583@28
ccgogeatt CEECEGERGE e et i %5’:3% e CCQQ@ g

ctat gggcgq@g§&gggggg§@gg@4 (s oTod aafht Qa%%@&xtggg 60
gt at ccat cal.ggeigad @@amaggggeggﬁtcg@aat a@egaagat &@g@cctta@&t:gs&&aé’é 20

t t cgaccaccaagocgasacategeat c gagrgageacgicactanggalaggaagc cggiaist 492080

ttagaaaaat aaacaaatag gggttccgcg cacatttccc cgaaaagtgc cac 9233

<210> 3

<211> 3548

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic polycistronic

expression construct nucleotide sequence

<400> 3

ctgacgcgcecc
ccgctacact
ccacgttcgce
ttagtgcttt
tcgcgacgta
gctcctgggg
aaggtggaaa
gagcagttga
gaggccaaag
gtcacagagc
aaagcagact
tcgcececgtcea
aacgttactg
tccaccatat

ctgtagcggc
tgccagcgcec
cggctttccce
acggcacctc
ccgggceccccec
ctcctgctgce
tcaaacgtac
aatctggaac
tacagtggaa
aggacagcaa
acgagaaaca
caaagagctt
gccgaagccg
tgccgtcttt

gcattaagcg
ctagcgcccg
cgtcaagctc
gaccccaaaa
cctcgattaa
tctggctcce
ggtggctgca
tgcectctgtt
ggtggataac
ggacagcacc
caaagtctac
caacagggga
cttggaataa
tggcaatgtg

cggcgggtgt
ctcctttege
taaatcgggg
aacttgatta
tagatctctc
aggtgcacga
ccatctgtct
gtgtgcctge
gccctccaat
tacagcctca
gcctgcgaag
gagtgttgaa
ggccggtgtg
agggcccgga

ggtggttacg
tttcttcect
gctcceccttta
gggtgatggt
accatgaggg
tgtgatgttt
tcatcttccce
tgaataactt
cgggtaactc
gcagcaccct
tcacccatca
ttccteccete
cgtttgtcta
aacctggccce

cgcagcgtga
tcctttctecg
gggttccgat
tcacgtaggg
tccecegetca
aaacggtacc
gccatctgat
ctatcccaga
ccaggagagt
gacgctgagc
gggcctgagce
cccceccececect
tatgttattt
tgtcttcttg

60

120
180
240
300
360
420
480
540
600
660
720
780
840



gt cgat caggat gat ct ggacgaagagcat caggggct cgcgccagecgaact gt t cgcc4980
aggct caaggcgcgcat gcccgacggcgaggat ct cgt cgt gacccat ggcgat gcct gc5040
tt gccgaat at cat ggt ggaaaat ggccgcttttctggatt cat cgact gt ggccggcet g5100
ggt gt ggcggaccgct at caggacat agcgt t ggct acccgt gat at t gct gaagagct t 5160
ggcggcgaat gggct gaccgcttcctcgt gctttacggt at cgccgct cccgatt cgcags5220
cgcatcgccttctatcgecttcttgacgagttcttctgagcgggact ct ggggttcgaaas280
t gaccgaccaagcgacgcccaacct gccat cacgagatttcgattccaccgccgcecttct 5340
at gaaaggt tgggeidre ggaat ggtt titeegygac geegagetggatgaleedC 6 ageg g4 0
gggat ct catgebggagt tattocgce cmeerasct ttgéddagbdgcaguittedtaat gyt a54 660
caaat aaagtIraragjoat TREaTECE t AL P ARG eI T yﬁsqmef@c artaEe ayss 2@20

ttgtggttt a@é?;d‘%%t%?%é%ﬁ t%;tg%%éﬂggg%@gg‘%? %% ﬁ?
ccgeggt goadertt adt T gt agcii crat fere 6
taatttcgaﬁgggagq ; %cggtgc‘g@wc&é’ﬁ%taz ot tégagéft

t cacaatt cgmg@&g%@@g@g@@g@@@@&ét@&@g&&k@@@@@&ic@gg&t %@ttaagé
gagt gagct aacheagat taabigegt dgegeteactgoreged tcteﬁbagtzamgggaaaeﬁﬁwﬁ)so
t gt cgt gccagotgeabt Wgéa@tgegnga@e%tegcgegggg&gagg@ga}ﬁtcgeg@%t%8@40

ggcgct ct t EEFGELECEt TFEERECE g Fg £CGPILUGET g eHEgag=oa’
cggt at cagEiTACT ¥ dan éa"tgég tgé g?fatc& t o
o B e e

tggegtttt B&&%E@&QCL%Q%QCQ&QQ&%QQE@Q@@@@@ @&@Q%EQ@&QE&@M%O
agaggt ggcganacesgacaggacisat aaagaicagcagaoghid eeaeecbognagedigest1 8600
t cgt gcgct ctoehthdoc cgaecoicgcoyetda@ce ggataeet giceegretid atcortdtG24060
cgggaagcgeegegetast eqa@awgétm fecy mqgwa:ttéf%&gtqw @rgtcawtaéwwo
“ttcgcet ccaé%%?% cac&"e?f atgé@&%‘t@é& %@ E‘ig@&i‘%@%gﬁ
ccggt aact 814 @g@?g éiéi@g% st fat ot ratlbasadeanss
ccact ggt aae@&gaéc&agmga%ga%kﬁggkagggg%geé @Q&%@EA&EBQ&%@&@

ggt ggcct aactaeggat a@acaﬁ@aagaambatdgbg@tatactggcgﬁct:eiagebg@alaﬁﬁdﬁ)zo
cagttaccttteaggaama eagrereqtag attee gychagacabacagt gat F%G@@BO

gcggt ggttff'fcigﬁ%‘i g@ﬂ g f'%géé é%&&%?ﬁéf%% @é%&
atcctttgatgﬁs'iit %‘tta Hdgor & é@i <§% CQaaadtl Lty f“é @
ttttggtc Q%@Q@g@g {GhLLdes 9%9 @é&@ata&é?ta agd

gtttt aaat G@caiaﬁt:t&aag&t&ﬁ:at{a&bg@ﬁ&ﬁﬁﬁﬁtg@@iﬁc@@@&@tﬁa&@@@@&@&i&aawé%o
t cagt gaggeeacctaitect cagegaicet gicc ettt agtégat et at agict gac tgasige ik 0
ccgt cgt gt atppeaacttageat gg@sggg@{atﬂa@éatqﬂcgg@:@eemgﬁ gea‘a@g%@@o

taccgcgagé%?ﬁ?&é tE%?(?E fctd h@g@ggta@@:@égg?ééﬁﬁgatt gé 8%9?02

cgcaga ggga

agctagagta
catcgtggtga
aaggcgagtt
gatcgttgtc
taattctctt
caagtcattc
ggataatacc
ggggcgaaaa
tgcacccaac
aggaaggcaa
actcttcctt
catatttgaa
agtgccac

<210> 4

<211> 7815
<212> DNA
<213>

<220>
<223>

agtagttcgc
tcacgctcgt
acatgatccc
agaagtaagt
actgtcatgc
tgagaatagt
gcgccacata
ctctcaagga
tgatcttcag
aatgccgcaa
tttcaatatt
tgtatttaga

cagttaatag
cgtttggtat
ccatgttgtg
tggccgcagt
catccgtaag
gtatgcggcg
gcagaacttt
tcttaccgcect
catcttttac
aaaagggaat
attgaagcat
aaaataaaca

Artificial Sequence

Description of Artificial Sequence:

tttgcgcaac
ggcttcattc
caaaaaagcg
gttatcactc
atgcttttct
accgagttgce
aaaagtgctc
gttgagatcc
tttcaccagc
aagggcgaca
ttatcagggt
aataggggtt

PCEMPTYB nucleotide sequence

gttgttgcca
agctccggtt
gttagctect
atggttatgg
gtgactggtg
tcttgceccgg
atcattggaa
agttcgatgt
gtttctgggt
cggaaatgtt
tattgtctca
ccgcgcacat

Plasmid

ttgctacagg
cccaacgatc
tcggtcctce
cagcactgca
agtactcaac
cgtcaatacg
aacgttcttce
aacccactceg
gagcaaaaac
gaatactcat
tgagcggata
ttcceccgaaa

2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3548



gggccgagcgcagaagt ggt cct gcaactttatccgectccatccagtctattaattgtt 7080
gccgggaagct agagt aagt agtt cgccagttaat agtttgcgcaacgtt gt tgccattg7140
ctacaggcat cgt ggt gt cacgctcgtcgtttggtatggcttcattcagctccggttccc7200
aacgat caaggcgagtt acat gat cccccat gtt gt gcaaaaaagcggttagctccttcg7260
gtcctccgat cgtt gt cagaagt aagtt ggccgcagt gttat cact cat ggttat ggcag7320
cactgcataattctcttactgtcatgccatccgt aagat6gct tttctgtgactggtgagt 7380
act caaccaagt catt ct gagaat agt gt at gcggcgaccgagttgct cttgcccggegt 7440
caat acgggafhaataccgcgccacat agcagaact t t aaaagt gct cat cat t ggaaaac7500
gt t ct t cggggegraaactet Laagyatetdiaseg et Gist gagast oeagid-e gaicgtaned 580
ccact cgt graccraacttgatatfctcagtadwtt¢d actdit caccagegtedect gyt gag?y 620 caaaaacagg
aaggcaaaatgeeigcaaxaadgGoeatcabtrggeerac arajgasedt ercgaareggpottccgat 180
t act cat ac"tté?f%féfftatcﬁ%%{:‘éﬁ tgéf é%?:cé?"ctt 8‘(“6& %&S%ﬁggt%‘tag&'i é?gﬁg

gcggat ac 5@%% Eéﬁ gg ““f%igg GCgcal
cccgaaaagi Q&@fl(a %aag g&é‘g@t%gac% €t at;bfdzfél al Sequence
<220> < aadaessrtltmga@agg for & dch SeidenCRcc b@aclaycdsfactlde

sequence oftcHdCEd Yakhyp/cBer tQonstaC baagcondadi tmx:l:tagrthod:qper:&tagv@@t or <400> 5
ct gacgcgceetgicage gyt grattaagegrggty ggl Iyt gIsg e Acaeerog cage gt gas 0500

ccgct acactrgeca %gﬁ?é%‘t"’é EQYCCEYCLEES £ €f“fattcf‘-‘ltééé‘¥ctcéc$'¢tait€$ 3 200
ccacgt t cg?:tfgg& f&@é%ﬁf@&%{q F?ﬁtgg%ﬁ égé §oticteit %?Qg?jzgg %ﬁg
ttagt got t {ACHICAC CLEgacs ggcacéé%cagaeiig L-a0gd: gatagl 0

t cgcgacgt apeogyee asal-6gald-galbaad GQ@Q@GE&G @&ﬁhé&c&@t&&tasee&tcé%
cat aat gag&aaaﬁaaggaaaﬁgba@tatgb&g@aeac@@@;ttt:e@gt agatatcgﬁﬁeoaaattagtca 960

t t gagcaaatge idege caearggattgettsvaga ALt Er O gEm ygd 2920
acaaCacatf%‘??%‘-’ég gg %‘9 E‘bcgég%% %tagéﬂaéé‘faé %%‘éég‘ia% &%’6& 438)60
cat CoagogpiER T @L@ég i

t aagggcc aQLQEQ: QQQ%QQQ@@Q%QG&%QQ&%@Q%&Q A58899

t gaggt ag ga&aw@tgtg(ﬂc@eé&aeattbag&ta&@ gacabagict gt3eeagaat4gageabti 2o
at cgat cct matrg;:tt gaaaca@gai ggaittggcatc gc:sag,gtctact @QI@@C@C@:@'[ itgggiaggvmeo
tccattgacg tcaatgggtg gagtatttac ggtaaactgc ccacttggca gtacatcaag 1440
tgtatcatat gccaagtacg ccccctattg acgtcaatga cggtaaatgg cccgcctgge 1500
attatgccca gtacatgacc ttatgggact ttcctacttg gcagtacatc tacgtattag 1560
tcatcgctat taccatggtg atgcggtttt ggcagtacat caatgggcgt ggatagcggt 1620
ttgactcacg gggatttcca agtctccacc ccattgacgt caatgggagt ttgttttgge 1680
accaaaatca acgggacttt ccaaaatgtc gtaacaactc cgccccattg acgcaaatgg 1740
gcggtaggcg tgtacggtgg gaggtctata taagcagagc tgggtacgtg aaccgtcaga 1800
tcgcctggag acgccatcac agatctgttt aaacgctagc accaagggcc catcggtctt 1860
ccccctggeca ccctcecctecca agagcacctc tgggggcaca gcggccctgg gctgcctggt 1820
caaggactac ttccccgaac cggtgacggt gtcgtggaac tcaggcgccc tgaccagcgg 1980
cgtgcacacc ttcccggctg tcctacagtc ctcaggactc tactccctca gcagegtggt 2040
gaccgtgcce tccagcagct tgggcaccca gacctacatc tgcaacgtga atcacaagcc 2100
cagcaacacc aaggtggaca agaaagttga gcccaaatct tgtgacaaaa ctcacacatg 2160
cccaccgtge ccagcacctg aactcctggg gggaccgtca gtcttcctct tccccccaaa 2220
acccaaggac accctcatga tctcccggac ccctgaggtc acatgcecgtgg tggtggacgt 2280
gagccacgaa gaccctgagg tcaagttcaa ctggtacgtg gacggcgtgg aggtgcataa 2340
tgccaagaca aagccgcggg aggagcagta caacagcacg taccgtgtgg tcagecgtcct 2400
caccgtcctg caccaggact ggctgaatgg caaggagtac aagtgcaagg tctccaacaa 2460
agccctccca gcccccatcg agaaaaccat ctccaaagcc aaagggcagc cccgagaacc 2520
acaggtgtac accctgcccc catcccggga tgagctgacc aagaaccagg tcagcctgac 2580
ctgcctggtc aaaggcttct atcccagcga catcgcecgtg gagtgggaga gcaatgggca 2640
gccggagaac aactacaaga ccacgcctcecc cgtgctggac tccgacggct ccttcttcect 2700
ctacagcaag ctcaccgtgg acaagagcag gtggcagcag gggaacgtct tctcatgctc 2760
cgtgatgcat gaggctctgc acaaccacta cacgcagaag agcctctccc tgtctcecggg 2820
taaatgagga tccaattcga ctgatgcaac ggttaccaac tacctagact ggattcgtga 2880
caacatgcgg ccgtgatatc tacgtatgat cagcctcgac tgtgccttct agttgccage 2940
catctgttgt ttgcccctecc cccgtgectt ccttgaccct ggaaggtgcc actcccactg 3000
tcctttecta ataaaatgag gaaattgcat cgcattgtct gagtaggtgt cattctattc 3060
tggggggtgg ggtggggcag gacagcaagg gggaggattg ggaagacaat agcaggcatg 3120
ctggggatgc ggtgggctct atggcttctg aggcggaaag aaccagctgg ggctcgacag 3180
cgctgcgatc gcctcgacta gtagctttgcec ttctcaattt cttatttgca taatgagaaa 3240
aaaaggaaaa ttaattttaa caccaattca gtagttgatt gagcaaatgc gttgccaaaa 3300
aggatgcttt agagacagtg ttctctgcac agataaggac aaacattatt cagagggagt 3360
acccagagct gagactccta agccagtgag tggcacagca tccagggaga aatatgcttg 3420



agaggct at t cggct at gact gggcacaacagacaat cggct gct ct gat gccgecgt gt 780
t ccggct gt cagcgcaggggegeccggttcttttt gt caagaccgacct gt ccggt gccc840
t gaat aaact acaggt aagt gcggccgcl ct aggcut ucaaaaaagcct cct cact actt 900
ct ggaat agct cagaggccgaggcggcct cggcct ct gcat aaat aaaaaaaat t agt ca960
gccat gcat ggggcggagaat gggcggaact gggcggagt t aggggcgggat gggcggagl1020
t t aggggcgggact at ggt t gct gact aat t gagat gcat gctttgcatacttctgcct g1080
ctggggagcctggggactttccacacctggttgctgactéattgagatgcatgctttgca1140

tacttct gcCJ:Q@Jaggi%gagg&ggg&g@&&5&&&@@&@9@&%9t%&%@@@tég%@a%@é@OaQso
gaatt aat t geeedagdd abtRRhaH agddfaald-ao0gee€atlda0ideat ageesatd26Q

at at ggagt teegegidncatmact {0 gfvaanizggreegnet gget gaoeegereaaagi32@oo
acccccgcceaytgacyt caatrat gaegitabtgiducovat aguaangecmat agygasdtr 1836060

t ccat t gac gt eemrugey caeagt el teegy %*ataamcge%a@tttcgg@ﬁgmﬁﬁe &ﬂ@dw
t gt at cat atgg%%ag‘faa@g%?g@%‘-iaaff "cgé %ﬁt f‘aﬁ@f‘?%g ?%

att at gccc QT HEAl Hactl] 3@2059%%% gaitai §9c gtAca agaﬁégc @

t cat cgct att Atfal Butaatads 100CA0t abatcaat 9ggcal.gaat aadge E

ttgact CaC%gg@tctsac@aa@taetgecae&@e@gataga@ggw@aa gggagid-bgtdott acl580
accaaaat Caacgggacd ot coaaaat gt@ba@@aa@taecga@embtcgacacgxaaaattogg&méb@o N 9
gcggt aggcgrgéegyt gggeygv et atmgaa@@a@@@%%@t%9?@@390@993@8130@40

t cgcct ggagagréatcacy FEQ ta’é"tcééé g‘g‘%?aﬁc%?@éa‘% %t é

gcccaggt gc'at‘:g%iqg&’f%éggtaag %ﬁ acca g%é gg
agccagt ct GeaBact e GLagCEot oteLatgagc gécg%ggﬂtt ftgi@q@% c& @&gi?

t CCagCCagt&@@&@ﬁ&&k@&@&@gg@@&;&@g@a&g@@efék%&zcg@@&@g&gt@@gmgg
aaaccagggcagageeéet aaa@tgcitgatctatcaetteggg@abcmct@g;gggmt;eczg;geg@g%%eo
cct gat cgctaveegyogyc ageggated ggweagactqcccaeqs@ttgwaaqggagccetgegchzqw60
caggcagaagtéé E?%ﬁ?‘é‘t 19§9a %aég?%ﬁgt:%ﬁcégc‘f%ﬁé‘iﬁ‘?ﬁﬁ cHeatIt2220¢
ggcgct ggedcE i@ %é‘é‘h(ﬁg’f%@gg&g% SGEICE AEE C(gli?cga;t;(gg‘fcé ﬁ
ccgecat ct gat gageagtg s‘gttgsécgzg;cﬁ@@ T Qag@zg@gg %
tt ct at cccagagagges aaaeiacad bggrageHqdgai-aasde Codstearte 4gat anedd 00

t cccaggagagtgiccacagagomrggec ag@aag@&ca@@a@@tacagcgit@agc;&gca@d%@z o

ggcggcgaat
cgcatcgcecct
tgaccgacca
atgaaaggtt
gggatctcat
caaataaagc
ttgtggtttg
ccgcggtgga
taatttcgag
tcacaattcc
gagtgagcta
tgtcgtgcca
ggcgctcttc
cggtatcagc
gaaagaacat
tggcgttttt
agaggtggcg
tcgtgcgctce
cgggaagcgt
ttcgctccaa
ccggtaacta
ccactggtaa
ggtggcctaa
cagttacctt
gcggtggttt
atcctttgat
ttttggtcat
gttttaaatc
tcagtgaggce

ct gacgct gajcadageagact =ty

gggcct gfget Egcad
tcccccccci%ﬁégggggz %z i

gggctgaccg
tctatcgccect
agcgacgccc
gggcttcgga
gctggagttc
aatagcatca
tccaaactca
gctttaatta
cttggcgtaa
acacaacata
actcacatta
gctgcattaa
cgcttccteg
tcactcaaag
gtgagcaaaa
ccataggctc
aaacccgaca
tcctgttecg
ggcgctttct
gctgggcectgt
tcgtcttgag
caggattagc
ctacggctac
cggaaaaaga
ttttgtttgce
cttttctacg
gagattatca
aatctaaagt
acctatctca

cttcctcgtg
tcttgacgag
aacctgccat
atcgttttcc
ttcgceccacc
caaatttcac
tcaatgtatc
aggcgcgcca
tcatggtcat
cgagccggaa
attgcgttgce
tgaatcggcc
ctcactgact
gcggtaatac
ggccagcaaa
cgceccccectg
ggactataaa
accctgccgce
catagctcac
gtgcacgaac
tccaacccgg
agagcgaggt
actagaagaa
gttggtagct
aagcagcaga
gggtctgacg
aaaaggatct
atatatgagt
gcgatctgtce

R gaTaE Fra R ELECFE cTaye
égﬁgﬁf‘é%ﬁ?

4ot
ﬁﬁg@@@@%&i@gi&&g@@@@%&%

%1

ctttacggta
ttcttctgag
cacgagattt
gggacgccgg
caacttgttt
aaataaagca
ttatcatgtc
gctccagcett
agctgtttcc
gcataaagtg
gctcactgcecc
aacgcgcggg
cgctgcgcectc
ggttatccac
aggccaggaa
acgagcatca
gataccaggc
ttaccggata
gctgtaggta
cccecegtteca
taagacacga
atgtaggcgg
cagtatttgg
cttgatccgg
ttacgcgcag
ctcagtggaa
tcacctagat
aaacttggtc
tatttcgttc

tcgccgctcc
cgggactctg
cgattccacc
ctggatgatc
attgcagctt
tttttttcac
tggatcgcgg
ttgttccctt
tgtgtgaaat
taaagcctgg
cgctttccag
gagaggcggt
ggtcgttcgg
agaatcaggg
ccgtaaaaag
caaaaatcga
gtttccecect
cctgtccgec
tctcagttcg
gcccgaccgce
cttatcgcca
tgctacagag
tatctgcgct
caaacaaacc
aaaaaaagga
cgaaaactca
ccttttaaat
tgacagttac
atccatagtt

cgattcgcag
gggttcgaaa
gccgecttet
ctccagcgecg
ataatggtta
tgcattctag
ccggccgceca
tagtgagggt
tgttatcegce
ggtgcctaat
tcgggaaacc
ttgcgtattg
ctgcggegag
gataacgcag
gccgegttge
cgctcaagtc
ggaagctccc
tttctecectt
gtgtaggtcg
tgcgccttat
ctggcagcag
ttcttgaagt
ctgctgaagc
accgctggta
tctcaagaag
cgttaaggga
taaaaatgaa
caatgcttaa
gcctgactcce

gerrgt cataEe2s 24980
aﬁt??éf%??&%@‘m

Lot g dr it g Eeb e

5220
5280
5340
5400
5460
5520
5580
5640
5700
5760
5820
5880
5940
6000
6060
6120
6180
6240
6300
6360
6420
6480
6540
6600
6660
6720
6780
6840
6900



tatatgttattttccaccatattgccgtcttttggcaat gt gagggcccggaaacct ggc2700
cctgtcttcttgacgagcattcctaggggtctttcccctctcgccaaaggaat gcaaggt 2760
ct gt t gaat gt cgt gaaggaagcagtt cct ct ggaagcttctt gaagacaaacaacgt ct 2820
gt agcgacccttt gcaggcagcggaaccccccacct ggcgacaggt gcct ct gcggccaa2880
aagccacgt gt at aagat acacct gcaaaggcggcacaaccccagt gccacgtt gt gagt 2940
t ggat agt t gt ggaaagagt caaat ggct ct cct caagcgt att caacaaggggct gaag3000
gat gcccagaaggt accccatt gt at gggat ct gat ct ggggcct cggt gcacat gcttt 3060
acatgtgtttagtcgaggttaaaaaacgt ct aggccccccgaaccacggggacgt g tt3120
tcctttgaaa%ﬁ?éﬁé St 3atEe ggt ? 8092%5;5?‘6"% CtEEE g %g&f%“fSos%o
gttgct acgc 8%‘:@5%?% Aaget ggt §C%a¢tz§%£§ SN @%@gcft @g?tgi‘ 307838
cctggggctt i T6E1canqdcaadcontt alacet { Cacl dat cacgta g714o
atccactggg aa&&&a@&&géwa%&@g&&% gaglogakt ggatatdadset €1Geed3607200
ggaaacgat gaidgsht aagt acaat gagaggiteanggataagdeeasastgact geagacsd4307260

acat ct gccageactgeot acgbygag cigrtae@taggutcg;agmgcc gaggat acbgragt g34807320

t act t ct gcaewmagaeeect gaat btcg aa@@ét‘g@tteawgtgé%&m”%
t ccagcgcet agcaéed ?‘Eﬁ?&éft@g acf‘ttla% éc’fﬁ?é%ét%‘a@tt&%%féc g Zéég
et 9999906@ ii‘@@ i R A é@*@&@cﬁg@%?ca% g 93@‘@9 % 7560
gt gt cgt ggaagclea eleie[efolels ag @&%QQ 1l € CLPACE G ¢ CL 468834607620

tcct caggactz{ataaewg‘gcsf@gsa@eg@@g&g&&@g&@@asaaaga@@g@ataggg@&a@e&éa 7680
cagacct acat¢itgeaangt gaat cac asgt e eyt agcaceaag gt ggecaagasagt t 38407740
gagcccaaat etd9gt getaagdgecat atdttgerracetgegereagtmeet faact Lerg39007800
gggggaccgt exgreteeetSéftecccccaaaacccaaggacaccct cat gat ct cccgg3960781°
acccct gaggt cacat gcgt ggt ggt ggacgt gagccacgaagaccct gaggt caagtt c4020
aact ggt acgt.ggacggcgt ggaggt gcat aat gccaagacaaagccgcgggaggagcag4080
t acaacagcacgtiacegigt ggt cagcgt cct caccgt cct gcaccaggact ggct gaat 4140
ggcaaggagt atiaagbygcaaggt ct ccaacaaagccct cccagcccccat cgagaaaacc4200
at ct ccaaagcet’@aafdygcagied ciugereccacaggt gt acaccct gcccccat cccgg4260
gat gagct gacggagaaccaggt cagcct gacct gcct ggt caaaggctt ct at cccagc4320
gacat cgccgl §9aohaggagagsaat gogGagscosAgaacaastasaagaccacgcct 4380
cccgt gct ggact ccganggeisccidLtiGet etincapr aagal-c actgt ggacaagagc4440
aggt ggcagcaggggaacgiedd ¢i cat gtisczgiegadgcat gaggct ct gcacaaccac4500
t acacgcagaagqagcct ctccctgtct ccgggt aaat gaggat ccaat t cgact gat gca4560

acggt t accadti’ace tagact %gajtgggc %a%tg[aéagg[qltc ? g%%tggéc@%gg&[ 4620

at cagcct cgfei gE oLt 80120
ttccttgaccggag;g@aggg ggg(‘c@(é &e @goctcg {Letan Laaaatoagdaagish O180

ttagtgcttt
tcgcgacgta
-ttcttatttg
ttgagcaaat
acaaacatta
catccaggga
taagggccaa
tgaggtagga
atcgatcctc
agaggctatt
tccggectgtce
tgaatgaact
ctggaatagc
gccatgcatg
ttaggggcgyg
ctggggagcc
tacttctgcc
gaattaattc
atatggagtt
accceccgccc
tccattgacg
tgtatcatat
attatgccca
tcatcgctat
ttgactcacg
accaaaatca

acggcacctc
ccgggccccc
cataatgaga
gcgttgccaa
ttcagaggga
gaaatatgct
tctgctcaca
tcagttgctc
catgcttgaa
cggctatgac
agcgcagggg
gcagotaagt
tcagaggccg
gggcggagaa
gactatggtt
tggggacttt
tgctggggag
ccctagttat
ccgcgttaca
attgacgtca
tcaatgggtg
gccaagtacg
gtacatgacc
taccatggtg
gggatttcca
acgggacttt

gaccccaaaa
cctcgattaa
aaaaaaggaa
aaaggatgct
gtacccagag
tgtcatcacc
caggatagag
ctcacatttg
caagatggat
tgggcacaac
cgcccggttce
gcggeogetc
aggcggcectce
tgggcggaac
gctgactaat
ccacacctgg
cctggggact
taatagtaat
taacttacgg
ataatgacgt
gagtatttac
ccccctattg
ttatgggact
atgcggtttt
agtctccacc
cceaaatgtc

aacttgatta
ttaatcgagc
aattaatttt
ttagagacag
ctgagactcc
gaagcctgat
agggcaggag
cttctgacat
tgcacgcagg
agacaatcgg
tttttgtcaa
taggccticca
ggcctctgca
tgggcggagt
tgagatgcat
ttgctgacta
ttccacaccc
caattacggg
taaatggccc
atgttcccat
ggtaaactgc
acgtcaatga
ttcctacttg
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ccattgacgt
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gggtgatggt
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tgttctctgce
taagccagtg
tccgtagagce
ccagggcaga
agttgtgcca
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ctgctctgat
gaccgacctg
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taggggcggg
gctttgcata
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gtcattagtt
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gcttctcaat
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agtggcacag
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gcttgggtgg
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tccggtgcecce
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atgggcggag
cttctgcctg
atgctttgca
acattccaca
catagcccat
ccgcccaacg
atagggactt
gtacatcaag
cccgecctgge
tacgtattag
ggatagcggt
ttgttttggce
acgcaaatgg
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360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
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tctgggggca
gtgtcgtgga
tcctcaggac
cagacctaca
gagcccaaat
gggggaccgt
acccctgagg
aactggtacg
tacaacagca
ggcaaggagt
atctccaaag
gatgagctga
gacatcgccg
cccgtgectgg
aggtggcagc
tacacgcaga
acggttacca
atcagcctcg
ttccttgacc
atcgcattgt
gggggaggat
tgaggcggaa
gcttctcaat
cagtagttga
acagataagg
agtggcacag
cacaccctgg

cagcggcecect
actcaggcgce
tctactcect
tctgcaacgt
cttgtgacaa
cagtcttcct
tcacatgcgt
tggacggegt
cgtaccgtgt
acaagtgcaa
ccaaagggca
ccaagaacca
tggagtggga
actccgacgg
aggggaacgt
agagcctctce
actacctaga
actgtgcctt
ctggaaggtg
ctgagtaggt
tgggaagaca
agaaccagct
ttcttatttg
ttgagcaaat
acaaacatta
catccaggga
taagggccaa

gggctgcctg
cctgaccagc
cagcagcgtg
gaatcacaag
aactcacaca
cttccececca
ggtggtggac
ggaggtgcat
ggtcagcgtc
ggtctccaac
gccccgagaa
ggtcagcctg
gagcaatggg
ctccttette
cttctcatgce
cctgtctcecg
ctggattcgt
ctagttgcca
ccactcccac
gtcattctat
atagcaggca
ggggctcgac
cataatgaga
gcgttgceccaa
ttcagaggga
gaaatatgct
tctgctcaca

gtcaaggact
ggcgtgcaca
gtgaccgtgce
cccagcaaca
tgcccaccgt
aaacccaagg
gtgagccacg
aatgccaaga
ctcaccgtcc
aaagccctcce
ccacaggtgt
acctgcctgg
cagccggaga
ctctacagca
tccgtgatgce
ggtaaatgag
gacaacatgc
gccatctgtt
tgtcctttcee
tctggggggt
tgctggggat
agcgctgcga
aaaaaaggaa
aaaggatgct
gtacccagag
tgtcatcacc
caggatagag

acttccccga
ccttcecgge
cctccagcag
ccaaggtgga
gcccagcacc
acaccctcat
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caaagccgcg
tgcaccagga
cagcccccat
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tcaaaggctt
acaactacaa
agctcaccgt
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ggccgtgata
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ggggtggggc
gcggtgggcet
tcgecctcgac
aattaatttt
ttagagacag
ctgagactcc
gaagcctgat
agggcaggag

accggtgacg
tgtcctacag
cttgggcacc
caagaaagtt
tgaactcctg
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ggtcaagttc
ggaggagcag
ctggctgaat
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cccatcceccgg
ctatcccagce
gaccacgcct
ggacaagagc
gcacaaccac
gactgatgca
tctacgtatg
cccecgtgcec
aggaaattgc
aggacagcaa
ctatggcttc
tagtagcttt
aacaccaatt
tgttctctgce
taagccagtg
tccgtagagc
ccagggcaga

3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
4800
4860
4920
4980
5040
5100
5160
5220
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ccgggacgccggct ggat gat cct ccagcgcggggat ct cat gct ggagttcttcgccca7140
cccaacttgtttattgcagcttataat ggttacaaat addgcaat agcat cacaaat ttc7200

acaaat aaa caal: %@ﬁ Aleagtacatictagl tgtQalltof cecanacteal %9@4&5??@980
tcttatcat S04 CSIYCLRHE ACEHGAALARRGE Iht AREL A2 YFLLCISI/3 20

cagct ccag@@&atafcg&ttacg@tbaagkge@gg&gaaatﬁtraegﬁg@& trggegtasad cat ggteat38000
at agct gt t tegdcgt gitgaaatt gitbat cegedat acaatdceas ae ageat &C gagoeggr44060
aagcat aaagtgtasatyc eéggrgggzagccttcaa@giagttgag@tgaattgea@aeztaﬁ%ttﬁg@gm%@@ 0
gcgct cact ge%%@eﬂat @%gt‘fﬁ gAEEERT tg E%Ftct:a’a‘{ a‘a%aégggﬁééso

ccaacgcgc éi gtdt @g CIA%¢ goagoeiuiag gg‘m
ct cget geg E% ga@t £agcifcogcddocd §taa€9?.a§@g @@@aggéggia@eg%

acggtt at ccagagaal-caggggai-racgdeagdaaagaast %9@&%@@@99&?&@ 4020
aaaggccaggagcagsaaanaggeagcatlyget gy cghbi dat 6 akagget &€ gesceeedB66080

t gacgagcavcacaaaaat cgacgeicaayteaga gt ggegaaacecgacaygactaatas86040

aagat acca @ﬁ*@?%‘@ce%gw&g@qt@éﬁa@ t"(jé Q%F%@Fg?q%eméé@tggeé‘:ﬁg?@oo

gcttaccggggé"é‘é? Rt Tt E‘%fé?? § §c 8 éfttgttéf"céf’é%ztgt%goggso
&fd

acgct gt aggﬁ%étéﬁgé’gﬁ ﬁé@iﬁiﬁa ct gL aégtg 5aLy

accccccgt LeadgeeHACEAGLISICE afg%é‘a%g ALE el CERaGEERL @010
ggt aagacaege@ttb@ggcgegbagt@gca:gﬁag@@acﬁcggig@a@@ggaﬁaag@gamag&l6@0o
gt at gt aggeggtagct &C agagtt clat gaagtggt ggcct@act atcgg@icactaataqaag&zz@w
aacagt at t PgeeareIgeeracet t@%@@@&gtqgaé@%é daabwageryor gyra
ctctt gat c¢gEcdaEka @%ﬁ@%ﬁc%ﬁ% E’[‘Etztgg t?@ﬁfé&%gg% € 6840
gattacgcggegé@g@aaca a0daLed AL tEC LI AchndgEy 00
cgct cagt 99@%6@%&%@794693@%9@&9% Qgt@@&l@%&&@&@@@@@@gg@& €060
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agatttaw@l@@@@&@@gagg@ggg@cg Cey cgggepc@ é@:g %Q&éggg t@?&gggﬁpgag
atcacgagat ttcgattcca ccgccgcctt ctatgaaagg ttgggcttcg gaatcgtttt 7080
ccgggacgcc ggctggatga tcctccagcg cggggatctc atgctggagt tcttcgccca 7140
cccaacttgt ttattgcagc ttataatggt tacaaataaa gcaatagcat cacaaatttc 7200
acaaataaag catttttttc actgcattct agttgtggtt tgtccaaact catcaatgta 7260
tcttatcatg tctggatcgc ggccggccgce caccgcggtg gagctttaat taaggcgcge 7320
cagctccagce ttttgttccc tttagtgagg gttaatttcg agcttggcgt aatcatggte 7380
atagctgttt cctgtgtgaa attgttatcc gctcacaatt ccacacaaca tacgagccgg 7440
aagcataaag tgtaaagcct ggggtgccta atgagtgagc taactcacat taattgcgtt 7500
gcgctcactg cccgctttcc agtcgggaaa cctgtcgtgc cagctgcatt aatgaatcgg 7560
ccaacgcgcg gggagaggcg gtttgcgtat tgggcgctct tccgcttcct cgctcactga 7620
ctcgctgecge tcggtcgttc ggctgcggcg agcggtatca gctcactcaa aggcggtaat 7680
acggttatcc acagaatcag gggataacgc aggaaagaac atgtgagcaa aaggccagca 7740
aaaggccagg aaccgtaaaa aggccgcgtt gctggcgttt ttccataggc tccgcccccc 7800
tgacgagcat cacaaaaatc gacgctcaag tcagaggtgg cgaaacccga caggactata 7860
aagataccag gcgtttcccc ctggaagctc cctcgtgcge tctcecctgttc cgaccctgece 7920
gcttaccgga tacctgtccg cctttctcce ttcgggaagce gtggcgcttt ctcatagctc 7980
acgctgtagg tatctcagtt cggtgtaggt cgttcgctcc aagctgggct gtgtgcacga 8040
acccccecgtt cagcccgacc gctgcgcectt atccggtaac tatcgtcttg agtccaaccc 8100
ggtaagacac gacttatcgc cactggcagc agccactggt aacaggatta gcagagcgag 8160
gtatgtaggc ggtgctacag agttcttgaa gtggtggcct aactacggct acactagaag 8220
aacagtattt ggtatctgcg ctctgctgaa gccagttacc ttcggaaaaa gagttggtag 8280
ctcttgatcc ggcaaacaaa ccaccgctgg tagcggtggt ttttttgttt gcaagcagca 8340
gattacgcgc agaaaaaaag gatctcaaga agatcctttg atcttttcta cggggtctga 8400
cgctcagtgg aacgaaaact cacgttaagg gattttggtc atgagattat caaaaaggat 8460
cttcacctag atccttttaa attaaaaatg aagttttaaa tcaatctaaa gtatatatga 8520
gtaaacttgg tctgacagtt accaatgctt aatcagtgag gcacctatct cagcgatctg 8580
tctatttcgt tcatccatag ttgcctgact ccccgtcgtg tagataacta cgatacggga 8640
gggcttacca tctggcccca gtgctgcaat gataccgcga gacccacgct caccggctce 8700
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tttatccgcctccatccagtctattaattgttgccgggaagcet agagt aagt agttcgcc8820
agttaatagtttgcgcaacgttgttgccattgctacaggcat cgt ggt gt cacget cgt c8880
gtttggtatggcttcattcagctccggttcccaacgat caaggcgagttacat gat cccc8940
cat gt t gt gcaaaaaagcggttagct ccttcggtcctccgat cgtt gt cagaagt aagtt 9000
ggccgcagt gt t at cact cat ggtt at ggcagcactgcataattctcttactgtcat gcc9060
at ccgtaagatgcttttctgtgact ggt gagtactcaac 1aagt catt ct gagaat agt g9120
t at gcggcgaccgagttgct ctt gcccggegt caat acgggat aat accgcgccacat ag9180
cagaact t t agaaghosd galHahlggagareetdLhlifgea0edanragsdel craggrk9249 60
cttaccgct gktgagatLceagidecegat gt ancecact egtgaraceaagigat ddrheage833a20
at ctt tt actast ceceagcgiddecetgyyt gagceaaaatagyaaggcaaaanitgorgeaaad3t@so
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tatgcggcga
cagaacttta
cttaccgctg
atcttttact
aaagggaata
ttgaagcatt
aaataaacaa

ccgagttgcect
aaagtgctca
ttgagatcca
ttcaccagcg
agggcgacac
tatcagggtt
ataggggttc

cttgccecggce
tcattggaaa
gttcgatgta
tttctgggtg
ggaaatgttg
attgtctcat
cgcgcacatt

gtcaatacgg
acgttcttcg
acccactcgt
agcaaaaaca
aatactcata
gagcggatac
tccccgaaaa

gataataccg
gggcgaaaac
gcacccaact
ggaaggcaaa
ctctteccecttt
atatttgaat
gtgccac

cgccacatag
tctcaaggat
gatcttcagc
atgccgcaaa
ttcaatatta
gtatttagaa

9180
9240
9300
9360
9420
9480
9527



