Expression Vectors for Enhanced Transi ent Gene Expression and Mammal i an
Cells expressing them HELD OF THE | NVENTI ON 5This invention relates to new
manmal i an cells and cell lines, especially CHO and 293 cell lines, which
conpri se eXPrAYYPER’ vectors encodi ng truncated EBNAI gE8RECARNPLH4Ehhance
transi ent gene expression. The invention also relates to expression
cassettes which include such truncated genes. BACKGROUND OF THE | NVENTI ON
10Manmal i an cells are an established expression systemin the biotechnol ogy

i ndustry for the producti of conbi nant .proteins = pr ot.ei . In
contrast EgPreatien VETRATY e Red BRARE R PR P MR HBR T ge active
r-proteins that possess rel evant pegiresimgibdnati onal nodifications. However,
in order to obtain sufficient anount of protein for structure/activity

anal yses or hi gh-throughput screenings, one needs to go through the 15

| ong andpiEdh eHSTREINSINTAbnst abl e cl one isol ation and characterization.
Protein production by large-scale transfection is an interesting

al terhative tbhis heejwnarlaes omepimanmpliaa cellvmdseh dngs; espbtiaolisCRendery f ast
gener at i QI IL) - pr ' i b yS. The
use of vg'%'t %ﬁls}&g%h?l 5@n6?$8ggﬁé§$&tﬁésl§€¥% a?ero{i}?ag t@n%g}ééfgngg cell lines
st abl y ewpickeshange E=BYieat feBNAdprewsoh el e, insumdbn aso tehueesHicK29&sioBNA | ( 293E)

cell line ZOQAT%CﬁCR -10852) si g{gl ficantly increases protein yield

( Dur ocheFaSgitegVhich Hsgiie su $AFEEE Syl ti - functional protein that have been
shown t ogReHERBEND OFTRIRVERTYQN ral pronoters present on plasm d DNA
when the oriP is present in cis (Reisman and Sugden, 1986). The production
of séreted rMpmpubimceds pemngaablshedexpresgon istered thabigeehmmlogyee 25nmedi umin
order to; L) 4 [ I ' - ' cell line to
serum f }nféig&h{a%l} %%nﬁéglra rgrﬁu naog:ﬂ%cﬁé{b?@wﬁ)g?telg ?@%ﬁ%ﬂlﬁ )8 :1 \l}vgélghgﬁg %?\ggr arely
successf mikarybtesor polmyetes, nidmrsaljan obllsgmyviddetige nproatinsahatpbssaswe2@81 EBNA |

cell line froma. serumfree i um adapted 293. cell .line is preferable
(Pram et Bot- o3 BB aniicafOng TOwgg G e it Sirsisat fopRefirStefhes do not
al ways s h9wireptre/aBlivigraautfes RF BiRBtiro@shpof schiegifgd, bansdeasioaldl thiohiptethel n
30serumfree medium Also, the isolation of new clgnes stably expressing
ful | 1¥ enlpng apsidious Brogese of etefils clane splptionandchiracteraiien tolke O4WHeNi ¢ to the

cells. ) LR A ye 4 J . I i i t he
comer ci g?’ }a§geas\§:g)ll%l?ﬂ§% ealgg%SFatnc]e fcégﬁgddé%ﬁ% V%%f@%@@%@%@&%ﬁﬁl%ﬁ?ﬁm showed

t hat thi & alew$ theivery fhsigererajion df pgtie pamajuahidies theplogigwithindt e dayspr ot ei n

production inpserumfree medi um. | ovenent is,cell.line by stably
o 6ssi ng o TEIsY ThAeGEs PR e FHRIPET M ey R ik Nl
SKennedy expressia @B SUIERNA L Brote(i 06bB)as HBMEKR93- & BBI A 1ungIE)@Bidlinelr anscri pti onal
Acti vator Ml ecul ar. _and | 1ul ar Bi ol ogy, .23: 6901-6908 di sclose that the
abi | Py G TESNAL-{ BS54 venriaaatly ingisases Pra%}n@ﬁel@ K 3peist ¢ al-rA0dgr EBY4 Ldhd
transf ect 4. aMeliHaPSrofedthBiShabd bicRishGith Qﬁoﬁti@ﬁ&ké@fa‘té’lﬁ%%fvigﬁM1 | acking the
am no acids required for activation fromintegrated tenplates (aa 65-89).
W have promedcrs prgsenhen plpsneidilBis wisipihe oulP iiopresent inais (Reismpuamhiugdas of t hese
am no aci1 from EBNA1- codi ng nucl eoti de sequences can enhance transient
gene expr es%‘i on in HEK293 cells to a level simlar to EBNA |

' The production of secreted r-protein often needs to be performed in serum-free

25  medium in order to facilitate their purification. Adaptation of the 293E cell line to serum-
free medium formulations is not straightforward and is rarely successful. To circumvent
this problem, the generation of new 293-EBNA1 cell line from a serum-free medium
adapted 293 cell line is preferable (Pham et al., 2003;Pham et al., 2005). However, these
new ceil lines do not always show optimal growth properties or high transfectabilities in

30 serum-free medium. Also, the isolation of new clones stably expressing full-length EBNA] is

difficult as this protein seems to be cytotoxic to the cells,




SUMVARY OF THE | NVENTI ON This invention relates to the unexpected
di scovery that nucl eotide coding sequences coding for a truncated Epstein
Barr Nuclear Antigen 1 (e.g. EBNAIt) protein 15 (lacking the Ay-Ay-Aa
domai n), MWO?’WG%& s of mammalian origin, are associ®t ¥M040%cr eased
transi ent gene expression when conpared with control cells. In addition,
expression of this truncated EBNAL gene is nore stable and expressed at
hi gher | evel s than expression of the full-1ength EBNAL gene. This results

in cell Ilnespvuth better growh Eém{tle nd with, nhaﬁ dtranS|ent
gene expr essit GRS E%F’fpr‘fs 1 BHETHITC A eE fpFated and
hunan endly gibed K HO BRI CRbdiem skawed ¢iek thes RNUnPRREGEIM ﬁ&éﬂnﬁl Bfe of
particular interest. This invention also relates to a mammalian cell |ine
such as e bom-ssd -Dlofeepredushipy NSy melsesimg ivan. prproEese of Bisselblinedly EBNA 1 t

(e.g. 2 ne expression
conpar ed@%@%ﬁi&%a Egﬁmﬁgﬂﬁgﬁggtnmtﬂglo #Fl%@nlggéw%w eferably the
trans¥ ect ed demecdyx ¥ essli Bugdes, Ber(mmbm‘iBle aacBiincliome Yéﬂtnasbhyn@mpr essi ng

assoc ottt ot ool SOUCHE Bidey ot (ARG “GlEe Tl BE SBTE Brai y e

EBNA | rEBNA&OUH deiveRaWaREsptios o BEf! iafkgtatd! éiﬁktrdﬁ@ﬁbte@fterﬁplat@s cafPhe than
50% preferabl%hnnore t han _75% and, in sonme enbodinments, all) the

G y- d y-phifitgfbhnt Aeriveres af BBNG 1 larking jbe antiodsids sevare doriastigiondeom t han 70%
of a conpj 1L0d q c of; .t he

conpl ete I% NAl codi ng geqrmae Wﬂl@l’?‘gr %}??vg@ﬁdﬁ&ﬁ&s %Qa;tgon% E)hra]irmre of

t he IONA trunn:ktlomg of thgécotrsink Reida Al FBNAdwrobing aubslecvttdefsneqnmtdse:an reolemat ed
sequenc the ence d lacks LR1 and we
expoct irEeod s b b TR 2 SR R N BYR o W thout L1

present )SUMMARYORTHIINVENPIONOse. The nucl eotide sequence can be

i ncluded in an expre55|on vector, such as a pTT vector or any other vectors
cont ai ni ng a ‘S&nprEREeR relplss ttPtheEﬁgetXéFfﬁeCBéjﬁﬁco‘{ﬁrY udai meefyotisiei podiegjuence,

al | oW NG RRNBIERFInE For0f trhfi&d8NRtein Barr Nuele@PhRi&s! 1 elé, HENA IQf'hllégéupg such

expression vectors with truncated EBNAL nucl eotide codi hg seguences

conphd s dlagking #ieelely-@i-Alndomaink miewim cells of mamm@bﬁmhrrgyl tare asmlaa@ipmh of the
|nvent|o e le serumfre FEB i ncl udi ng
full - enﬂ%rﬁ‘wg? R{aggé%nga%&g %?eglplg?\s‘%b ed tgﬁog%ggclgsf IEIB‘?\(&%?W reduces
t he di ffaxpmlssm Oﬁthcsbtﬁ"lmwmedi]@m\tm]bkgﬁ]eab QeEs si@'alﬁpﬁﬁ eRprestedl at ﬁlrghwsv@sffect s of
over - exp essing the f II- %g% protein). To our knova%

reports BESEATEERY &t thpTRll-e8! A e T et gl ligess gyt bE’F“ieéol ating
and char@ek@rirépentes and vl @hAR3 1ERNA binLC8Ipteshibh %élﬁhgpaﬁxsceﬁﬁ)nes \yp observed

anot her new further truncated and functional form of even shorter
ani 9 adicdersledja spaiemplaied tand thygan Emonlctklilﬁ()’l%aleilﬁ)rlifé@ QEHmnthEBﬂ not yet

Ldenti figih. oo are of Agl%gulgll %%IR%&? tﬁinsoﬁlbsgltloﬁ REGh1at E o érl] %ahqglﬁlaulgrfl 'célf‘gﬁ prl rovide

a series of new truncate €X resse pro el ns The
f ol | owi rsgclaspe 9’ cell linhetabhyveqtéssing arlﬁodsemrvela@(m ohEBBAAL Ie. @el%%E

1. The new.293FEt cell Iln wher e Et |satruncat n_of the EBNAlL
protein %@V%@Z %@Wﬂgt THBRER 3B ST <G KRG TPar gtarééﬁf*?t EBNAT 5 " The

new 293-@Eceatdl cdli mﬁsexpr essing a processed formof EBNA I t protein 3. The
new truncated EBNA | protein, EBNAlc consisting of LR2+NLS+DBD domai ns
4. 3sing trahsiaakly E}EI\WI‘S%FGCF genegnpeiodrts perfmead vop cedlisesblivon in trans to

L\S?\r Egi%%gtggﬁr@tﬁ%ngaggd EENAlT RerhMiveBNAL tiahitbdied &ﬂgtekbrgs!’smlh iSAcRgd and
with a transiently transfected EBNA1 gene. Also, preferably the EBNAT nucleotide
sequence is truncated to lack most of (i.e. more than 50%, preferably nmore than 75% and,
in some embodiments, all) the Gly-Gly-Ala domain. Preferably the nucleotide sequence is
30 less than 70% of a complete EBNA1 coding sequence, especially less than 50% of the
complete EBNAI coding sequence. Alternatively, or as well, one or more of the DNA

linking regions LR 1 and LR2 can be absent from the truncated sequence. One of the
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5. The use of an EBNAIt or EBNAl c expression cassette in the pTT vector or
ot her ori P-containing vectors (expression in Os) to increase protein
production in EBNAL and non- EBNAl cells. 6. New truncated EBNA |
protein cOHPOFHE%f LRI+NLS+DBD domai ns. 30The i nvenPEHRAINGAM4EN rel at es
to a process for in vitro production of a protein which process conprises:
(a) transfecting a mammalian cell with an expression vector coding for said
protein, said manmalian cell having been transfected with a truncated EBNAl
expr essi Qn..yestor o nve cul turl a transfected cell

resul ti ng FFS S?qgfncte%wegg‘fed"sgg aagsgj}%{ ?e‘?dn e?‘pgﬁl ADEBIYHIPT FORCRSE THE

DRAW NGSatkingL RO wigisoniitioht LRI yesbéf  strhea simMRPhirpke. FiidikcRoddshows

transi ent SEAP e pre siaon in 293F cells foll ow ng co-transfection of

vari ous FABUNE s SEEAAN EXRESEIOB Vet gighes 2PEhaegorarapy ether t r ansi ent
EBNAL consgtordntif 5@&«3&1&@ k Pa | nt G-P
expression in va;lpééas = %Alggpgﬁg]sﬁagrr&gggo V% ?‘Sﬁrg‘@ygi"e h hg West ern

Bl ot anafupsissionl thaMel expression in various 293F clones. Fi gure 5 shows

h | d al kal P i
i n"vart ous EBURL et e RS E RO R CRORPHRRTTRS 293P Eona T

cl ones fmicleomﬂm@dtnga;a@.feﬁcﬁslcompﬁm #Bpdtosiithe POStohr ansf ection). Figure 7
shows the grovvthdcurve of 15 ?%WGE cells conpared to 293F cell in 125 m
shaker f1 asks Ri9iaT8 0B LRETHST thedmagmfipi wedey defiietierle SHUEBIRRRIISEQ | D NO

1) with BENAOUSH P! isiclOding RI- I%ﬁg&l%'ﬂﬁﬁndaﬂ:@%ﬁsfohEQfEE‘Nhl?e Figure. Figure 9
shows the am no acid se}guence of full-length EBNAL protein (SEQ ID NGO 1)

and EBNAI t (Jhgeisei BN &HQredprenche zl)fﬁ@um ¢fBpaining seabid dl)me(ssa@aar@mo 3)
truncat eglj el Ahsts }-B*?er— hfil%%*lr%rﬂmep 116} ﬂl QéNAE] ro?eénwejfz‘c? o, kél %8é.e(eﬂh§h:)\?vs at he

rret hi oni ne (as 20in di cate yC| ne r
'sc herratllem@tdﬁm:tbmg etablf ZQ&EBMt EeBNﬁots edsnsAkoldlySsoldting uméclﬁﬂackﬁﬂ@ ashows DNA

seqguence E 4 and tru ed EBNA | (EBNA It
(SEQ I D %#%aﬁéﬁ“g%ﬁﬂﬂ fge ( @%59955 N@N%?ng #I00ISF 8 SULKD REneRE 88 ent  EBNA
It and EBiAosaleloan @S STRNI | Nof293k sﬁ&&drsanﬁmaﬂesd deQc? RARKOhar? BRNOR  Cel | s.

Fi gure 13 shows the effect of co-expressing EB t or EBNAIl ¢ on 25transient

SEAP %ex ra8ngy ppratenot yetidentifigd)gur e 14 shows exanpl es of protei ns
transiently %easlaﬁlg%@l ah&h%%%pe@ﬁoﬁ L lidvenidin T4 H%eotl ge,e o dfl Y el

| NVENTI ON hi's invention re at es to nu ng sequences
codi ng fléﬁNélttemn@edErdteEqsémeludeEBNAm@)cl ear Antigen 1 (EBNA1) protein

whi ch, when I (ﬁlolﬁn e%ts%mnveatﬁlo&%a? egﬁxb%%%dﬂa@&;ewaf EOCI ated with

i ncr eased tr ans ect e ne expres
1. The new 293FEt cell line, where Et is a truncated version of the EBNAI protein

20 ¢.g. EBNAITt described below and in the figures.
2. The new 293-6E cell line expressing a processed form of EBNA1t protein
3. The new truncated EBNAI protein, EBNA lc consisting of LR2+NLS+DBD
domains
4. Using transient EBNA1 (full-length or truncated) expression in frans to increase
25 protein production in EBNA1 (full-length or truncated) and non-EBNAI cell lines
5. The use of an EBNA1t or EBNAlc expression cassette in the pTT vector or other
oriP-containing vectors (expression in cis) to increase protein production in
EBNAI and non-EBNAI cells.
6. New truncated EBNALI protein consisting of LR1+NLS+DBD domains.

30 The invention further relates to a process for in vitro production of a protein which

process comprises:




cells of a control cell line conprising a conplete EBNA I codi ng sequence.
By "truncated" we nean a sequence which is less than the full EBNAL

nucl eoti de sequence. As shown in Figures 8 and 10 there are identified
conponent ¥OI006/49698 | | EBNA | sequence. These i ncl udPGH2P64ARI4E Regi ons
1 and 2, a Transcription activation domain, a Nuclear Localization Signal
and a DNA Binding and Dinerization region. Truncated sequences of the
invention preferably contain the DNA Binding and Di nerization region al ong
"with the Nuclear. Localization Signal and one or nore i nki ng Regi ons.
Flgure 1 SHOWSTIHARE § iR el SEARY EMBF O8N GO R nBao] HErEaleag

si gni ficant! ¥aiBynaa0n8%pcassdvaly kn ERNAled R0l SinhcatSl BN eixgﬁés%se can be

observed using full Iength EBNAL protein (not shown). This Figure also

shows that t M&Fel ke iBEABoRx pr essi on does i ncrease by augmenting EBNAIt
expressioangMﬁ lyrtrahnbf ] ; eSS LI -1ength EBNAL is
di fficul t S%cac ?ﬁg\?etrajln%eﬁgﬁ%l%%nﬁg&?’ﬁ@ﬁf@ﬁi%ﬁ?ﬁtﬁ% rated in Figure 2
where stable 10 expression of full-length EBNAL in the conmercially

avai | abl BRIEH DESCREPHHXKS ©F FHEAIRAMANGS | y avai |l abl e at | nvitrogen or

avai l abl e at ATCC.#CRL- 10852) or jn our hest SFE clone (SFE41;(Phamet al.,
2003)) is sidh W’c‘:%%hlﬁ\ﬁé‘)ﬁtetth%wv?'ﬁm? e 135?\1%%“@5% A and 7) or
293- 6E GRbleSsidd @NOSF &IRMSIWing N trRetclibDHE vaBs iy Rvin@breT TiNA T engt h EBNAL

in 293F cells_(bulk) in also very low (lanes 4 and 5). Note that while
t runcat e§CPHbEFFRID? STEBRARDIEDY ensdens EBNA ltqenstyuets expressiesia 283k¢dls. (1 anes 6 vs 7

and {~an , . j : - @@M p i 1 (lanes 4
VS 5])Oa ?ﬁ%ﬁ%g? 15103%5 t'itraﬁgl'? ﬁtg?}?r %@Eérgge]gé #Jovnanéﬁgngl}:pl - eng'fJ I%B%éﬁl&?&%g}élkge

negat i vet shbivea tYéestem Blek knafyivissif &1IB0GY1 expresipe ot vedbys 298 Frelgnes. Feguek Smal | er form
of EBNAIt was observed in clone 6 | anes 8 anpd ..+=BNAl t, was anplified by
PCR usi M50V SFARIE: ?R@&ﬁﬂfﬁ@é@@@ﬁ&&@}?@%@&% WSEQ | D NO 7)
and r evekfieus EBYEEAACRSONGH dGRAASAR BIGHE bY vArRE2 0 TF-NENG) diineger s and cl oned
at the EcoRI, site of plRES-Neo vector (Contech). W nmade the 293FEt cell
line (irfelrdpagerstrestioodrsEheyrs Res-tppiFiRnhgisurangoastheogiont pospicel s with
the 1l RESERNALf &ﬂg)ai’e%%' 963180 iﬁqb§§1§1 Fﬁﬂer"ﬂatst's. %Fgurkgén .mov@%féeat:ﬁiﬁ& n. Stable

clones were isolated by 25limting ution and ¢ es selected based on
EBNAL expressgicose ofHiBNAT (FEQ HY Nfbpeitb matiovaperitddle hdentGdastsfed ivt  at ,

1994) - Fi gur ho t hat expressin NAl t. Lncreases si ent SEAP
expr essit%enFlgﬁregH@%gé-s %‘f)%,a\% %fnonaﬁhdgsgﬁl}en%%fﬁﬁéﬁg@ %\gﬁé?ﬂoiﬂgk ed with
100% pTTHOEAR )wed EBNAICHRUrlias) (BEQNDN G ) &6 KENAR: GeldfR@IINSEAP and 1 to
40% of pTT-EBNAIt 30 respectively. Wth 60% pTT- SEAP and 40% pTT- EBNAI t,
the exprie&¥ngGdvepnsofhedissmipaacidel tiaasyEBNALC pritein ghaonetBiopte @s.  Fi gure
2 shows BN a8 Lo Fid b e K2 i nes or
foll owi ng transi gﬁ%ggﬁgngfr§§¥?%ﬁ}g% gﬁ%%%ﬁ%&@%ﬁ So %glofﬁrieoﬁ%t h EBNAL in
HEK293- caretriety. Frgairg 1lalde CY hoaws dDM9D SeqBpiE e of full-len gt EBNaESRY IDLane 3:

293F cely.s. 4N i . .on of - | t ) in 293F
cells f(ﬁ (?'oﬁ/l %’S%‘S‘?ﬁ%ﬁ@ﬁﬁéﬁﬁIB@%@E%‘%@M1C2(§Er§r¥ﬁﬁ\5§(%ine 4) and
4 nont hFiguraikstb)vs tiidient EBXA 1expd EBNAGO eifredsiohlin 2933n@ b cdoiiedlto decr eases
with ti L n i 5. ngn-¢l on cel | popul ation. Expression qf truncated EBNA
| (EBN/AJE?%lE P#@g@iﬂe@é-ﬁﬁ%ur? {BF‘IBWSHB‘P ?f?%h%é@&xPﬁﬁSI%@BMiBor@%{q ®h for 2
nontss  (Haddient SEARNS AR NS3K baReFidre 1MRh&VS BatpR¥ B SS&iRAraRliefABNA t
increases with time in this non-clonal cell popuPatl on. Expression of the
new f or FFOFESSEBNAYB-GEllp.one 10 6E derived from 293F-EBNA | t after 4 nonths
in cul t yyErAILEND erum (lane 8) or 0418 in

serum free nedi qu?Fgge 9). @;Frrgﬁgﬁgxﬁgimssi on of full-length EBNAL (Il ane
10) or EBNAI flhislinysatianiplaiey t@BHeatidé taling sequences chhimg forectngeatadt ure of the

uei ng n Paee ORI R RD AR sty ShERl Rl Shpemaut e b

200 3and celb bive arragsooatedspitcinéiessed transfectddi g@hié ExplesSib Wheh Eagr@NitGFP
expr essi o?St ifn various EBNA | cell lines. Cells (cultured for 3 nopnths under
0418 sel°8&tafarortEpc lﬁegcqmlaﬁ@sécfpm%e FRMNA 1 cpding pesenes. By ttrngatsd 'GFP and

GFP expIRSHisRN ARnIBARYS Adesd (HANR: fufIFRIN Y nld HACKEABRE! ¥ snbif P OSFEBNALL

cl one 6E _shows the highest GFP expression. Transfection efficiency was

Figures 8 and 10 there are identified components of the full EBNA1 sequence. These
4




20 between 40% and 65% for all clones. Fi gure 4 shows EBNAL
expression levels in various 293 clones. Al clones were cultured in the
presence of 25 ng/m geneticin. Expression of EBNA I in clone 6A can be

det ect ed WAHYBAEr exposure time. Figure 5 shows t hRCHFAPA(04P408 s

293F- EBNAL stable clones were transfected 25 with pTT/ SEAP, the clones
expressing truncated EBNAI codi ng sequences showed enhanced SEAP expression
when neasured 5 days Iater (clones 6E, Il and 13) when conpared to clones

expr essi.n f LI.Ie (,cl gnes..1A and 2B). or apot her _uncharacteri zed
r bncar dids b maneR ol gndaa) TN BRe oML gAML Ay ent | on. - SEAP
is an exawRliAted S@ndl@ﬁ@WBindﬁng’h@Dlnerﬁ%ﬂ@ﬁf ioNBTRhtAd £QenB& Jfor a
protein or 30 pol ypeptide of choice can be used in place of SEAP coding

sequenc &8¢ #eptiop ﬁtfé%bly eeiain the INA Bivding andpineripstiontreeion gleeeWith igre 14 for

additio Jity does
not appg%zﬁrdét%}(;eg%hgi%gg%é;g%gﬂ@?fﬁﬁ@%gw]]h%@Y\gg Ceghes{%ggfgnces are
st ablSy dwamemmféé’wdresml ¢ast bex/etmeea[seﬁslgmﬁttanﬂy EV@GN{presz@nmﬁEB(\ﬂMam et al.
2005) and counte nsfe i.on ne 7 s ows, t growth
char nct dPPER S BrERYgaths Seehd Noes FplyRain BARA PrsRLGREE U0t he

par ent al Th29BEure@lsb smdmhdtw@ﬁﬁéntﬂﬁmle)(preg@@ﬁ dﬂéﬁlﬂéte@&ﬂ%aﬁ;@inbn wgnsity is about
3.5x106 cells/m for the clone 6E conpared to 2x106 cells/m for the 293F
cel | | i ddNAltexpregsion, Hawgver it spgpe thgt oysy gypressing falirdpngthdiBMAL S are best

revi emqjxff@@lﬂoha%ﬁleve RGN arRHAN B, @H]s'i‘@ﬂl@gt%a@edﬁﬁquﬁp@fwﬂ&g sepRemat i c
structure of EBNA | constructs and relationship to the EBNAL DNA
sequliénc expierigueidell-lengih- KHNAI in the ccﬁmgmells aghloWs celhBnddBRIK29F-GBNAllengt h

rotein 41 .a 4 Kk Acce 345 t mai n
1? eat ulr es(%o(?’ﬁerl avall%q?lat Iﬁﬁ%ﬁ%nsortaﬁéiség’faf g‘:fe(r‘g‘ﬁ nglg?@giﬂr lﬁél%\ esp y t Iand
EBNAI ¢ amﬂlet(&la‘zaactpmla acdl d2003Yek sighBbtly 1bwembatia o PFRIthaIke (1(amdsearnai ne: 417
aa, 42. E( D?% é‘l wlc f rther@runcated protejn (baold: 306 aa, 32.5 15
kDa). The°f 6 st &1 1p pddiienyermreion o fillepeth EBNA MBI bni ne (as
i ndi cat ediIABANG i /19 V&Y BWBinEES hithi9) Note that whilk QHﬁc%tea%b%er E&NAS L ransi ent

expression of two truncated EBNAL constructs with 293F and 293-6E cel | s.
Cel I1$ wenweaspsawist bme uthpvetbilks (TeeEENAl 7t and dansT§ VERNAKresswntob fid! lamgth EBNAL

expr essi t ransfected 293F
20cel | s %ﬁﬂ@gﬂ%&ﬁﬁhﬁ%ﬁg&?ﬁ %&i at\tl?% tlﬁ?%&%& oSISI%El of Nftehd Igure 13 shows
293F ceIH]BNﬂbnxhy anefregitad eﬁmmoxpa' Tl/;ﬂsliﬁaogyldjmiﬂ'chBMa mageasd siigites. 293F

cells sfec a nm.xture of 50% pTT- SEAP vector with
pTT/ EBNAP fg%‘%}"% @ﬁm f‘\cﬁlmal"f%gk B er m DNA (stuffer DNA). SEAP
expr essi on \A@gm@wg glqpﬁiéaafg@d@gﬁﬁ fogv';a'ghgure 14 shows exanpl es of
proteins transient expr essed -6E cells. 293- 6E cells were

t r artdf edOEFGHART @@&A&%AE@E@EGA@ GAPCEEC SR BEQID I}é@o”t) eihs and culture
o NGB R NGRS T N Rl i, 1,
Perret, cBined artbe Kca:t?émte AL PIRESOR0 webtghédlentedh) Mdnﬁdghre&ﬂﬁlﬁhgh]ﬂ)uh«; reconbi nant
D R e B T3 B IR 5400 PLrRSRSRB DT O 18 hurer
EBNA1t-Neo vector and selection with 25 ug/ml geneticin. Stable clones were isolated by
25  limiting dilution and clones selected based on EBNA1 expression using the rat
monoclonal antibody 1H4 (Grasser et al., 1994)
Figure 1 shows that expressing EBNA 1t increases transient SEAP expression in a
dose-dependent manner. 293F cells were transfected with 100% pTT-SEAP vector
(CTRL) or with mixtures of 99 to 60% pTT-SEAP and 1 to 40% of pTT-EBNAIt
30  respectively. With 60% pTT-SEAP and 40% pTT-EBNA1t, the expression level of SEAP

was increased by 3-fold over control.
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mal i gnant ce€lls of Hodgkin's di sease. Bl ood 584, 3792-3798. Pham
P.L., Perret, S., Cass, B., Carpentier, E., St-Laurent, G, Bisson, L.,
Kanen, A., and Durocher, Y., 2005. Transient gene expression in HEK293

cells: peptone additio ttransfecti.on i nprov i nant protein
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Doan, H.fBllowik@&snsidBt transfeclici) S@Ble, exFressidtedTEUI-lehgih [RdA Dif QEREY3- Y., 2003.

Large-scal e transient transfection of serumfree suspensi on-gr&m ng HEK293
tion

. f f
EBNA | det¥A! colldpiedlsae hhrndtd0d-o8 Ejcalh g danced)| Lage i Faslls top
efficie .ot W] j , gden, B.,
1986. t?:g rgsgcn?'i%ﬁg %hﬂ gﬁugg E)hs]?%yﬁ:f%%%%%\Zﬁe]rlgﬁn?g?@atﬁa&ﬁeﬁgg iagﬁal enhancer
by t ke EpHBetlactBadond matthn(laleaianddhmiogthm (1dne HbNote Gat kxBewslon 06 fulB838- 3846.
The above- de i,bed enbodinmpnts of the,present invention are . ntended to be
xanpt oo bNA? AeERPORUTERE S Precien<bRer Sl doplI FYREHpThe of focted o
t he par ttatdied EBVACCEBEALS ibY93FheBefodbwhilgithahsitdiiohRfd @t 8 vilddiens fordepar ti ng
fromthe scope of the invention, 20which is defjned solely by the clains

appended HERd{age 0) 6 inoErvdEe o Pt Lot tiopalBNAY mcredses with
SEQUENCT b i TN =hd0% o6 A0ALn FEPRALIGNOCRUAR) har LABBNARELSSION Vect or s

for Enhanced Transient Gene pressi on and Mammalian Cells expressing them
<130% PAE ®3sadirg0 23EBNGikaftand mondlissin pglose 03bd Fresens@of GH 8604882, 392 <151>

2005- 03'5%1%115&%9%) gr éﬂ} 178015 Sgl)‘ }n?f?etelnrl]ed\i'lﬁlrl %Iiar(l)en@))?’Tr]ansfezn]f%)?pr%ssion of full-length
EBNA1 (lane 10) or EBNA1t (lane 11) in 293F cells.

The precise nature of the new EBNA 1t protein remains to be solved. Detection of

EBNA1 was performed using a rat monoclonal antibody (clone 1H4). The two bands seen
15 at Mr 200 and above are not-specific,

Figure 3 shows transient GFP expression in various EBNA1 cell lines. Cells
(cultured for 3 months under G418 selection following transfection) were transfected with
pTT-GFP and GFP expression was measured 3 days later by flow cytometry. The 293F-
EBNAIt clone 6E shows the highest GFP expression. Transfection efficiency was

20 between 40% and 65% for all clones.

Figure 4 shows EBNA1 expression levels in various 293 clones. All clones were
cultured in the presence of 25 pug/ml geneticin. Expression of EBNAI in clone 6A can be
detected with longer exposure time.

Figure 5 shows that when various 293F-EBNA1 stable clones were transfected

25  with pTT/SEAP, the clones expressing truncated EBNAT coding sequences showed
enhanced SEAP expression when measured 5 days later (clones 6E, 11 and 13) when
compared to clones expressing the full length (clones 1 A and 2B) or another
uncharacterized truncated form of EBNA1 (clone 6A). In the context of this invention,
SEAP is an example of a recombinant protein. Genetic material coding for a protein or

30 polypeptide of choice can be used in place of SEAP coding sequehces and, indeed, this is

an aim of this invention (see Figure 14 for additional examples).




<211> 641 <212> PRT <213> Epstein Barr Virus <220> <221> M SC _FEATURE <223>
EBNA1 FuII Length Protein Sequence <400> 1 Met Ser Asp Gu @y Pro Ay Thr

Ay Pro Asn Ay Leu Gy G u 151015 Lys Ay Asp Thr Ser glProGuGy

Ser H04/0969%) Pro G n 202530 Arg Arg Sly Ay AsAGAM600E0y Arg Sly

Arg Gly Arg Gy Arg Sly 354045 Arg Ay Ay Sly Arg Pro SIy Ala Pro Sly Sly

Ser Sly Ser Sly Pro 505560 Arg His Arg Asp Ay Val Arg Arg Pro G n Lys Arg

Pro Ser Cys Ile 65707580 Ay Cys Lys Sly Thr Hs Ay Sly Thr Sly Ala Sly

S v A% S v Tidhiciorens @% G %romiagnévw%ém dszqsamsqpye@t9\b’wA*l£e<>@dw1@?yymsgy 5|Nya
- Ala Ay tidhYatddlBARA1 2Rcltd e AbdieReY al sthb§l WerlkfreSleld. AR wetdfedhithAl @ Sly Sy
Aady O'.Agl‘ﬁ TN1 24 hpt (Pham et al., 2005) and counted 6 days after transfection.

Figure 7 shows the growth characteristic of the 293FEt-clone 6E (lower panel)

5  compared to the parental 293F cell line (upper panel). Maximum viable cell density is
about 3.5x10° cells/ml for the clone 6E compared to 4.2x10° cells/ml for the 293F cell
line.

Figure 8, Figure 9, Figure 10 and Figure 11 are best reviewed together. They show
the amino acid sequence and schematic structure of EBNAT constructs and the

10 relationship to the EBNA1 DNA sequences (Figures 11 A-C).

Figure 8 shows the EBNA1 full length protein (641 aa, 56.4 kDa) (Accession
number: NC_001345) with its main features. Figure 9 highlights the differences between
EBNAT, EBNAltand EBNAlc and the amino acid level. EBNAL1t truncated protein
(underline: 417 aa, 42.5 kDa) and EBNAIc further truncated protein (bold: 306 aa, 32.5

15 kDa). The first amino acid of the new EBNA ¢ protein is a Methionine (as indicated
above the Glycine residue).

Figure 12 contrasts transient expression of two truncated EBNA1 constructs with
293F and 293-6E cells. Cells were transfected with pTT/EBNA 1t or pTT/EBNAIc vectors
and EBNAI expression was detected 3 days later by Western blot. Non-transfected 293F

20 cells and 293-6E cells are also shown as controls.

Figure 13 shows 293F cells co-transfected with pTT/SEAP and pTT/EBNA1
constructs. 293F cells were co-transfected with a mixture of 50% pTT-SEAP vector with
pTT/EBNALL, 50% pTT/EBNAlc, or 50% salmon sperm DNA (stuffer DNA). SEAP
expression was measured 5 days later.

25 Figure 14 shows examples of proteins transiently expressed in 293-6E cells. 293-
6E cells were transfected with pTT vectors encoding various secreted proteins and culture
medium (20 microliters) was harvested 5 days after transfection and analyzed by SDS-
PAGE and Coomassie staining,.
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130135140 Sly Sly Ay Ala Sly Ala dy dy Ay Ala Sly Sly Ala SIly Ala Sly
145150155160 WO 2006/ 096989PCT/ CA2006/ 000403 2/9 Ay Ay Ala Ay Ay Al a
Gy Ay Ala d AIaGyGyGyAIaGy165170175AIaG1yG Gy Ala Ay
Ay Aa %&Pé‘”@*‘% Ay Ay Ala Ay dvy 180185190 Na‘@ﬂc@‘ijl‘mﬂ\?‘é?’(}y Al a
Ay Ay Ay Ala Ay Ala Ay dy“Ala @y 195200205 Ay Ala Ay Gy Ala Ay
Ala dy dy Ala @y Ala dy Gy Ay Ala 210215220 Ay Ay Ala dy Ay A a
Gy Ala dy Ay Ala Ay Ala Ay Ay Ala 225230235240 Gy Ala Ay dy Al a
Gy Ala dy Ala dy d Gy A 45250255 Gy Ala Jy Gy A a
Ay Ala dy g%ssi‘a& E-A@%/‘““@ P%-?@“ﬁ“%% g%%ﬁ%@%@%’%ﬁ%? %‘a dy dy
Ala Gy fyaoldk \G. AikddBivk Ab.ayehng, B, oAl 31alivr-LaAp280 2851 98k avibhatidgay Ala Gy
GyAIaGt%/AIaGyGyAIaGyGyAIaGy290295300
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The above-described embodiments of the present invention are intended to be
examples only. Alterations, modifications and variations may be effected to the particular
embodiments by those of skill in the art without departing from the scope of the invention,

20 which is defined solely by the claims appended hereto.




Ala dy dy Ala Gy dy Ala dy Ala Gy Gy Ay Ala Ay Ala Gy
305310315320 Gy Ala dy Ala dy dy Ay Ay Arg Ay Arg Gly Ay Ser Ay
Gy 32533 5 Gy Arg Ay Ay Ser Ay Gy Arg Ay Ar Ser Ay
Ay 34034 §52@0%9 Avg Ay Arg Ay Arg Gu Arg Ala Ar g P&t A@%’“@E?{:"Arg du
Arg 355360365 Ala Arg Ay Arg Ay Arg Gy Arg Ay GQu Lys Arg Pro Arg Ser
Pro 370375380 Ser Ser G n Ser Sekusref 198fmdd Y Ser Pro Pro Arg Arg Pro Pro
Pro 385390395400 Gy Arg Arg Pro Phe Phe His Pro Val Gy Gu Ala Asp Tyr
Phe G y Gy Gy Pro Asp Ay Qu Pro Asp Val Pro
Pro Gy igog ga%f))na E‘ese rChg:aungJ% Gy Pro Ala Asp Asp Pro Gy Gu dy Pro
Ser Thr <4§:’f544@44555@oy \Br:@on%r BorGeyhdabfd ThynsASH: Ghe EkyrehEGnAigh LYS Lys Gy
Ay Trp 45045%4601Rhecadly dxyseddisg Ahgn Gy A n Gy Ay Ser Asn Pro Lys Phe

A u Asn 465470475480 WO 2006/ 096989PCT/ CA2006/ 000403
<130> PAT 3361W-90

<140> Unknown
<141> 2006-03-17

<150> US 60/662,392
<151> 2005-03-17

<l60> 8

<170> PatentIn version 3.1

<210> 1

<211> 641

<212> PRT

<213> Epstein Barr Virus

<220>

<221> MISC FEATURE

<223> EBNAl Full Length Protein Sequence
<400> 1

Met Ser Asp Glu Gly Pro Gly Thr Gly Pro Gly Asn Gly Leu Gly Glu
1 5 10 15

Lys Gly Asp Thr Ser Gly Pro Glu Gly Ser Gly Gly Ser Giy Pro Gln
20 25 30

Arg Arg Gly Gly Asp Asn His Gly Arg Gly Arg Gly Arg Gly Arg Gly
35 40 45

Arg Gly Gly Gly Arg Pro Gly Ala Pro Gly Gly Ser Gly Ser Gly Pro
50 55 60

Arg His Arg Asp Gly Val Arg Arg Pro Gln Lys Arg Pro Ser Cys Ile
65 : 70 15 80

Gly Cys Lys Gly Thr His Gly Gly Thr Gly Ala Gly Ala Gly Ala Gly
85 90 95

Gly Ala Gly Ala Gly Gly Ala Gly Ala Gly Gly Gly Ala Gly Ala Gly
100 105 110

Gly Gly Ala Gly Gly Ala Gly Gly Ala Gly Gly Ala Gly Ala Gly Gly
115 ) 120 125

Gly Ala Gly Ala Gly Gly Gly Ala Gly Gly Ala Gly Gly Ala Gly Ala
130 135 140

Gly Gly Gly Ala Gly Ala Gly Gly Gly Ala Gly Gly Ala Gly Ala Gly
145 150 155 160




3/9 1le Ala Qu Gy Leu Arg Ala Len Len Ala Arg Her Hi's Val Gn Arg
485490495 Thr Thr Asp Qu Ay Thr Trp Val Ala Gy Val Phe Vval Tyr Ay Gy
500505510 _Her Lys Thr Her Leu Tyr Asn Len Arg Arg Ay Thr Ala Leu Ala Ile
515520525W|9r’8°‘ﬁ§§ﬁ98h/s Arg Leu Thr Prqg Len Her Arg Leu "ErE*BHE843 Net Al a
530535540 Pro Ay Pro Gy Pro Gn Pro Ay Pro Len Arg Gn Her Ile Val Cys
545550553860, Tif, B cbehyal Re Aenc T, Hys deaPheipla Gin Val Len
Lys 56557 57§ Asp Al agdile LyS Asp Lew;oval Nbg Thr Lygyro Ala Pro Thr Cys
Asn 580585590 Ile Arg Val Thr Val Cys Her Phe Asp Asp Ay Val Asp Len Pro
Pro 59560668% TIyweBhelPGoy Rileg Mat GMakl{dely G@ly Alvarlal alvicavyJ u Ay Asp Asp
Gy 610615620 Aspl¥sp Ay Asp Gn'@y Ay Asp Ay'#p Gn Ay Gn Gn Ay
G n 625630043040 BT i07 4,418 s c1y ala a1y a1y Ala a1y

195 200 205

Gly Ala Gly Gly Ala Gly Ala Gly Gly Ala Gly Ala Gly Gly Gly Ala
210 215 220

Gly Gly Ala Gly Gly Ala Gly Ala Gly Gly Ala Gly Ala Gly Gly Ala
225 230 235 240

Gly Ala Gly Gly Ala Gly Ala Gly Gly Ala Gly Gly Ala Gly Ala Gly
245 250 255

Gly Ala Gly Gly BAla Gly Ala Gly Gly Ala Gly Gly Ala Gly Ala Gly
260 265 270

Gly Gly Ala Gly Gly Ala Gly Ala Gly Gly Gly Ala Gly Gly Ala Gly
275 280 285

Ala Gly Gly Ale Gly Gly Ala Gly Ala Gly Gly Ala Gly Gly Ala Gly
290 285 300

Ala Gly Gly Ala Gly Gly Ala Gly Ala Gly Gly Gly Ala Gly Ala Gly
305 310 315 320

Gly Ala Gly Ala Gly Gly Gly Gly Arg Gly Arg Gly Gly Ser Gly Gly
325 330 335

Arg Gly Arg Gly Gly Ser Gly Gly Arg Gly Arg Gly Gly Ser Gly Gly
340 345 350

Arg Arg Gly Arg Gly Arg Glu Arg Ala Arg Gly Gly Ser Arg Glu Arg
355 360 365

BAla Arg Gly Arg Gly Arg Gly Arg Gly Glu Lys Arg Pro Arg Ser Pro
370 375 380

Ser Ser Gln Ser Ser Ser Ser Gly Ser Pro Pro Arg Arg Pro Pro Pro
385 380 395 400

Gly Arg Arg Pro Phe Phe His Pro Val Gly Glu Ala Asp Tyr Phe Glu
405 410 415

Tyr His Gln Glu Gly Gly Pro Asp Gly Glu Pro Asp Val Pro Pro Gly
420 425 430

Ala Ile Glu Gln Gly Pro Ala Asp Asp Pro Gly Glu Gly Pro Ser Thr
435 440 445

Gly Pro Arg Gly Gln Gly Asp Gly Gly Arg Arg Lys Lys Gly Gly Trp
450 455 460

Phe Gly Lys His Arg Gly Gln Gly Gly Ser Asn Pro Lys Phe Glu Asn
465 470 475 480




<212> PRT <213> Epstein Barr Virus <220> <221> M SC_FEATURE <223> EBNAI t
Truncated Protein Sequence <400> 2 Met Her Asp Gu Gly Pro Gy Thr Ay Pro

GyAsnG LenG%Gu 151015 Lys Ay Asp Thr Her )éProGnG Her Gy
Ay He ézww@s 202530 Arg Arg Gy Gy Asp Asn H C@%Mﬁ@‘)@%’ Arg Ay
Arg Gly Arg Ay 354045 Arg Gly Ay y Arg Pro Ay Ala Pro.dy Gy Her Ay
Her Ay Pro,50556 d g 0, @ Lys Arg Pro Her
Qys Ile ® B TRt ot %bg(éﬁo ey éﬁ@\o%%/ Bo055 311/5933 " oys Lys dy Thr
Hs Sly Sly Thr Sly Ala Sly Ala Sly Ala Sly 859095 SIly Ala Sly Ala Sly Sly
Sly Sly rgrSl yspAchs Sy 8kyrddevaiShya 8Ly va0FbE5E010Tvr g1 6lGyvyArg Sly Sly Her
Sly Sly Arg Ay AP Ay Ay Her SPY5 Sly 510
Ser Lys Thr Ser Leu Tyr Asn Leu Arg Arg Gly Thr Ala Leu Ala Ile
515 520 525

Pro Gln Cys Arg Leu Thr Pro Leu Ser Arg Leu Pro Phe Gly Met Ala
530 535 540

Pro Gly Pro Gly Pro Gin Pro Gly Pro Leu Brg Glu Ser Ile Val Cys
545 550 555 560

Tyr Phe Met Val Phe Leu Gln Thr His Tle Phe Ala Glu Val Leu Lys
565 570 575

Asp BRla Ile Lys Asp Leu Val Met Thr Lys Pro Ala Pro Thr Cys Asn
580 585 590

Ile Arg Val Thr val Cys Ser Phe Asp Asp Gly Val Asp Leu Pro Pro

595 600 605
Trp Phe Pro Pro Met Val Glu Gly Ala Ala Ala Glu Gly Asp Asp Gly
610 615 620
Asp Asp Gly Asp Glu Gly Gly Asp Gly Asp Glu Gly Glu Glu Gly Gln
625 630 635 640
Glu
<210> 2
<211> " 417
<212> PRT

<213> Epstein Barr Virus

<220>

<221> MISC _FEATURE

<223> EBNAlt Truncated Protein Sequence
<400> 2

Met Ser Asp Glu Gly Pre Gly Thr Gly Pro Gly Asn Gly Leu Gly Glu
1 5 10 15

Lys Gly Asp Thr Ser Gly Pro Glu Gly Ser Gly Gly Ser Gly Pro Gin
20 25 .30

Arg Arg Gly Gly Asp Asn His Gly Arg Gly Arg Gly Arg Gly Arg Gly
35 40 45

Arg Gly Gly Gly Arg Pro Gly Ala Pro-Gly Gly Ser Gly Ser Gly Pro
50 55 60

Arg His Arg Asp Gly Val Arg Arg Pro Gln Lys Arg Pro Ser Cys Ile
65 70 75 80




115120125 Arg Arg Sly Arg Sly Arg Gu Arg Ala Arg Sly SIly Her Arg Qu Arg
130135140 Ala Arg SIy Arg Sly Arg SIy Arg Sly A u Lys Arg Pro Arg Her Pro

Pro
du
Sly
Thr
Trp
du
Au
Sly
Al a
Met

145150155160 Ser Her G n Her Set Her Her Sly Her Pro Pro %r&cp) Arg Pro Pro

1651 79PN g Arg Pro Phe Phe His Pro Val S|y RETARMG/AY3 Tyr Phe
180185190 Tyr Hls Sln Gu Sy SI Pro Asp Sly Qu-Pro Asp Val Pro Pro

210515220 89 R Y aNE PASSY SR BRPLs O 9y Sy
225230235240 Phe Sly Lys His Arg SIy Sin Sly Sly Her Asn Pro Lys Phe

Asn 245260256 2Lt &1l AlyGly Sly AteGlAgoAlly GauskeGlAl@yArg Her Hi s Val
Ar g 2602652701¢%r Thr Asp d ulgiy Thr Trp Val 1M a SI y Val Phe Val Tyr

Sl 85 L T Sly Thr Ala L
Ul & B50555500 P S E Y Ah AT RS RSP A el Pro Phe Sy
Al a

Arg Arg Gly Arg Gly Arg Glu Arg Ala Arg Gly Gly Ser Arg Glu Arg
130 135 140

Ala Arg Gly Arg Gly Arg Gly Arg Gly Glu Lys Arg Pro Arg Ser Pro
145 150 155 160

Ser Ser Gln Ser Ser Ser Ser Gly Ser Pro Pro Arg Arg Pro Pro Pro
165 170 175

Gly Arg Arg Pro Phe Phe His Pro Val Gly Glu Ala Asp Tyr Phe Glu
180 185 130

Tyr His Gln Glu Gly Gly Pro Asp Gly Glu Pro Asp Val Pro Pro Gly
195 200 205

Ala TIle Glu Gln Gly Prc Ala Asp Asp Pro Gly Glu Gly Pro Ser Thr
210 215% 220

Gly Pro Arg Gly Gln Gly Asp Gly Gly Arg Arg Lys Lys Gly Gly Trp
225 230 235 240

Phe Gly Lys His Arg Gly Gln Gly Gly Ser Asn Pro Lys Phe Glu Asn
245 250 255

Ile Ala Glu Gly Leu Arg Ala Leu Leu Ala Arg Ser His Val Glu Arg
260 265 270

Thr Thr Asp Glu Gly Thr Trp Val Ala Gly Val Phe Val Tyr Gly Gly
275 280 285

Ser Lys Thr Ser Leu Tyr Asn Leu Arg Arg Gly Thr Ala Leu Ala Ile
290 295 300

Pro Gln Cys Arg Leu Thr Pre Leu Ser Arg Leu Pro Phe Gly Met Ala
305 310 315 320

Pro Gly Prc Gly Pro Gln Pro Gly Pro Leu Arg Glu Ser Ile Val Cys
325 330 335

Tyr Phe Met Val Phe Leu Gln Thr KEis Ile Phe Ala Glu Val Leu Lys
340 345 350

Asp Ala Ile Lys Asp Leu Val Met Thr Lys Pro Ala Pro Thr Cys Asn
355 360 365

Ile Arg Val Thr Val Cys Ser Phe Asp Asp Gly Val Asp Leu Pro Pro
370 3758 380

Trp Phe Preo Pro Met Val Glu Gly Ala Ala Ala Glu Gly Asp Asp Gly
385 390 395 400




305310315320 Pro SIy Pro Sly Pro G n Pro SIly Pro Leu Arg Gu Her Ile Val

Cys 325330335 Tyr Phe Met Val Phe Leu Gn Thr Hs Ile Phe Ala Qu Val Leu
Lys 340345350 Asp Ala Ile Lys Asp Leu Val Met Thr Lys Pro Ala Pro Thr Cys
Asn 35536@@6@04?9@%9 Val Thr Val Cys Her Phe Asp Asp B§HCAZQ 6’°A%463Leu Pro
Pro 370375380 Trp Phe Pro Pro Met Va? Au Sly Ala Ala Ala Au Sy Asp Asp

Sly 385390395400 \%Q 6 Q (E:A% Q05/,0004 %/g s Tyr Phe Met Val
Phe Lou %%ng% HASP Oé%%eéﬁg %; &'/2(2%% 823 2 OC&\éys Asp Ala Ile
Lys Asp Leu Val Met Thr Lys Pro AI a Pro Thr Cys 245250255 Asn Ile Arg Val

Thr Val &ws Ser Phe Asp Asp Ay Val Asp Leu Pro 260265270 Pro Trp Phe Pro
Pro Met Val Qu Ay Ala Ala Ala Qu Gy Asp Asp 275280285

<210> 2

<211> 306

<212> PRT

<213> Epstein Barr Virus

<Z220>
<221> MISC_FEATURE
<223> EBNAlc Truncated Protein Sequence

<400> 3

Met Arg Gly Arg Gly Gly Ser Gly Gly Arg Gly Arg Gly Gly Ser Gly
1 5 10 15

Gly Arg Arg Gly Arg Gly Arg Glu Arg Ala Arg Gly Gly Ser Arg Glu
20 25 30

Arg Ala Arg Gly Arg Gly Arg Gly Arg Gly Glu Lys Arg Pro Arg Ser
35 40 45

Pro Ser Ser Gln Ser Ser Ser Ser Gly Ser Pro Pro Arg Arg Pro Pro
50 55 60

Pro Gly Arg Arg Pro Phe Phe His Pro Val Gly Glu Ala Asp Tyr Phe
65 70 75 80

Glu Tyr His Gln Glu Gly Gly Fro Asp Gly Glu Pro Asp Val Pro Pro
85 90 95

Gly Ala Ile Glu Gln Gly Pro Ala Asp Asp Pro Gly Glu Gly Pro Ser
100 105 110

Thr Gly Pro Arg Gly Gln Gly Asp Gly Gly Arg Arg Lys Lys Gly Gly
115 120 125

Trp Phe Gly Lys His Arg Gly Gin Gly Gly Ser Asn Pro Lys Phe Glu
130 135 140

Asn Ile Ala Glu Gly Leuw Arg Ala Leu Leu Ala Arg Ser His Val Glu
145 150 155 160

Arg Thr Thr Asp Glu Gly Thr Trp Val Ala Gly Val Phe Val Tyr Gly
165 170 175

Gly Ser Lys Thr Ser Leu Tyr Asn Leu Arg Arg Gly Thr Ala Leu Ala
180 185 190

Ile Pro Gln Cys Arg Leu Thr Pro Leu Ser Arg Leu Pro Phe Gly Met
195 200 205

Ala Pro Gly Pro Gly Pro Gln Pro Gly Prec Leu Arg Glu Ser Ile Val
210 215 220




Gy Asp Asp Ay Asp Qu Gy Gy Asp Ay Asp Gu Gy u du dy 290295300
Gn Ju :305 <210> 4 <211> 1926 <212> DNA <213> Epstein Barr Virus <220>
<221> msc feature <223> EBNAL Full Length DNA Sequence <400> 4 atgtctgacg

t ct ggaccafOY¥dREYgg ggat caggge ggct gcaaag ggaggggcadCHEARILEYYH
ggggcaggag ggaggggcag gecaggagggy ggdfcaggag ggaggagggg ggagcaggag
Jca09e0cad A0°A9RA409. 093090000 £R0AA0T7899, LACRINRE! (800001 0000
cggcagtgdg aagaggacg agggcgaggda caagacaktag agafggtgtc ggacccacgg
t ggaacagga gagcaggagg aggggcagga caggagcagg aggaggggca caggaggagg
ggcaggagea magygyCeygyaggggeagga sagyagcayFraggagggyiaer caggaggggce
aggaggggca caggaggggé4aggaggggca gggésygagce 89989999@559899995899
aggggcagga caggaggggc. aggagcagga gagcaggagg ggcaggaggg _ggaaat ggcc
taggagagﬁa 5@98 agé?ﬁh%g%&ggﬁdgﬁ agpﬁﬁbgfﬁgﬂfgﬁﬁc iy g ggaagac
caggagcccc gggcggCica cggagacccc adaaacgtcc aagttgcatt gcaggagcag
gagcgggagg ugcaalads e -g¢R80290aG 899580329 %1994a0ex044, dgadcaggag
gaggggcagg aggggcagga ggaggagogp® caggaggggc aggagcagga gcaggaggag
gggcaggagc aggaggaggg ggaggggcag gaggggcagg agcaggagga ggaggggcag
gagcaggagy chwﬁﬁcésgﬁég@gg@g yygetgdanc adgaggggen ggaggggcag
gagcaggagg -gycaggaggg gcaggddgag gggcaggagg®ggcaggageca ggggcaggag
gggcagg @ggaggggca gcaggagcag gaggaggggc aggagcagga

2006/09g%§9 / CA2006/ 000403 7/9 ggggcaggag ggtagtggag gccagggggg
cccaggagt ¢ ggt agaaggc ggtggcccag gacccaggag aaaggagggt attgcagaag
ggaacttggg aggcgaggaa tttggaatgg tatttcatgg gaccttgtta gacgat ggag
ggt gat ga®@Pgadt ga caggaggtgg gccggggtcg gaagtcgtga ccagtagtca catttttcca
at ggt gagcéélaa caag ggtttggaaa gtttaagagc tcgccggtgt ctgcccttge
cccctgg@ééBEC 1 ttaca tgacaaagcc tagatttgcc gagatgacgg

stelin Barr

<220>
<221>
223>

nisc_feature
EBNAl Full Length DNA Seguence

<400> 4

atgtctgacg aggggccagg tacaggacct ggaaatggcee taggagagaa gggagacaca 60
tctggaccag aaggotecgy cgygcagtgga cctcaaagaa gagggggtga taaccatgga 120
cgaggacggg gaagaggacg aggacgagga ggoggaagac caggagoccce gggceggcetca 180
ggatcagggc caagacatag agatggigtc cggagacccoce aaaaacgtcc aagttgcatt 240
ggctgcaaag ggacccacgg tggaacagga graggagead gagogggadgy ggcaggagea 300
ggaggggcag gagcaggagg aggggcagga gcaggaggag gggcaggagg ggcaggaggd 360
gcaggagggg caggagcagg aggaggggcea ggagcaggag gaggggcagg aggggcagga 420
ggggcaggag caggaggaygg ggcaggagca ggaggagggg caggaggggc aggagcagga 480
ggaggggcag gaggggcagg aggggcagga gcaggaggag gggoaggagce aggaggagyg 340
gcaggagggyg caggagcagg aggaggggca ggaggggcag gaggggcagg agcaggagga 600
ggggcaggag caggaggggc aggaggggca ggaggggcag gagcaggagg ggcaggagea 660
ggaggagggg caggagggygc aggaggggcea ggagcaggag gggcaggagc aggaggggcea 120
ggagcaggag gggcaggage aggaggggca ggaggggcag gagcaggagg ggcaggaggg 786
gcaggageag gadgggcagg aggggcagda gcaggaggag gggcaggagg ggcaggagea 840
g9agygagggg caggaggggc aggagcagga ggggcaggag gggcaggage aggaggggcea 900
ggaggggcag gagcaggagy ggcaggaggg gcaggagcag gaggaggggc aggagcagga 860




aggaggt agt ggaggccgcc aagagccagg gggagaggt c
ccct gt aggg gaagccgatt tgacgtgeccc ccgggagega
cact ggaccc ¢ t cagg gcatcgtggt caaggaggtt tctcctggct aggagtcacg
gttcgtata”“b%@@@?%@ta tattccacaa tgtcgtctta cggcccacaé‘@%%@ (08Q483
aactcatata tttgctgagg cgctcctacc tgc4aatatca tccctggttt ccacctatgg
agat gaagga ggtgatggag gtggaggccg gggt cgagga ggggtagagg acgt gaaaga
gt ggacgt 9&39@9&%98&39&99?& G96843559 E&%Qé&%agf%tggcﬁgtcgé‘a&g@t&%% aag#Hd

t agagcaggg ccccgcagat gf gat ggagg caggcgcaaa ccaacccgaa atttgagaac
t agaaagyed:abBeegangesiiagaceiaetiot bECRACREaIRECaRALY GaGLICgHCt CITD
taagggagtc cattgtctgt ttttgaagga tgcgattaag gggtgactgt gtgcagettt
t ggaagggERCEEE Ak A% AGBRICHRS T ERGHFTAGTt 92TFIT 92932399 25414921 2> DNA

aggccggggt cgaggaggca
gtcatcatca tccgggtctc

<213> Epgctceai na Earcrcavéar "ég <%ga ?:at<2a2%c>c m tscqccf cec'%[cué eca<22c:%€cc Iécl\alAI t 12;|E)r0uncat ed
DNASequeRce <4608 8§t Srgacy fetggdccag cgagyacgoy g9ateaggyc ggct gcaaag

ggaggt 9089 168490t G080+ 80 98CL A0S 9ALAELLC0S 1H8a0RF0AGHL3a0aC i @d
ggacccacgg gccggggt cg gaggtagtgg tacaggacct cggcagtgga aggacgagga
agat ggt gtobggaacaggaraagyagagoagtcaggnugergdtacggaaat ggecyaah c aahtda
ggcggaagac cggagacccc gcaggagcag ggaggccggg ggt agaggac taggagagaa
gagggggtﬁﬁcéﬁﬁﬁﬁq%ﬁﬁﬁxﬁﬁ%ééﬁﬁﬁé@“b8ﬂﬁﬁbﬁ%@ggﬁﬁéﬁﬁﬁédﬁﬁgﬂF@%ﬁagégw
gggggg; 3%%959%%% al 998, .999%9964,£8,220 1, 95aL t . 3968992942 L agL 9929a%

attgcagaag gtttaagagc tctcctgget aggagtcacg tagaaaggac taccgacgaa 1500
ggaacttggy tegccggtgt gttecgtatat ggaggtagta agacctccct ttacaaccta 1560
aggcgaggaa ctgcccttge tattccacaa tgtcgtetta caccattgag tegtcteceo 1620
tttggaatgg cccctggacc cggcccacaa cctggecoge taagggaghbe cattgtotgt 168C
tatttcatgg tetttttace sactcatata tttgctgagyg ttttgaagga tgcgattaag 1740
gaccttgtta tgacaaagcec cgctcctace tgcaatatca gggtgactgt gtgcagettt 1800
gacgatggay tagatttgec tccctggttt ccacctatgg tggaagggge tgccgcoggag 1860
ggtgatgacg gagatgacgg agatgaagga ggtgatggag atgagggtga ggaagggcag 1920
gagtga 1926
<210> 5

<211> 1254

<212> DNA

<213> Epstein Barr Virus

<220>

<221> misc feature

<223> EBNAlt Truncated DNASequence

<400> 5 .

atgtctgacg aggggccagg tacaggacct ggaaatggcc taggagagaa gggagacaca 60
tctggaccag aaggcectceccgg cggcagtgga cctcaéagaa gagggggtga taaccatgga 120
cgaggacggg gaagaggacyg aggacgagga ggcggaagac caggagcccee gggcoggcotca ‘180
ggatcagggc caagacatag agatggtgtc cggagacccc aaaaacgtcc aagttgecatt 240
ggctgcaaayg ggacccacgg tggaacagga gcaggagcag gagcgggagg ggcaggagea 300
ggaggtggag gccggggtey aggaggcagt ggaggceggg gtcgaggagg tagtggagge 360
cggggtcgag gaggtagtgg aggccgecgg ggtagaggac gtgaaagage caggggggga 420




W D2006MB6989PCT/ CA2006/ 000403 8/ 9 agt cgt gaaa gagccagggg gagaggt cgt
ggacgt ggag aaaagaggcc caggagtccc480 agtagtcagt catcatcatc cgggtctcca
ccgcgcaggg, cc ccagg tagaaggccab540 tttttccacc ctgtag a_agccqgatt at
tttgaatac (5%§§éﬁ%ﬁgg t ggcccagat 600 ggt gagect g acgtgcg%g%aﬁﬁﬁﬂﬁ%ﬂﬁta
gagcagggcc ccgcagat ga cccaggagaa660 ggcccaagca ctggaccccg gggt cagggt
gatggagggﬁc?gggg%ggggg 990942 giﬁi&ﬁ@@éﬂggﬂﬁgghﬂg%£ﬁc§9gagﬁbtCC
aacccgaaat ftgagaacat tgcagaaggt 780 ttaagagctc tcctggctag gagtcacgta
gaaaggaci@acogac gaagy caac kugggt 84 becgrocggt gigttdoagy ataiggecaggt agbaag
acctcccttt acaacctaag gcgaggaact 900 gcccttgcta ttccacaatg tcgtcttaca
ccat t gagt'd tHtECre E8t 99y At PG E D6 b 1CE FFACREHP HeeT 48489t yge ¥t a
agggagt cc t ca ¢1020 tttacaaa ctcatatatt tgctgaggtt

L onaggeitoetart syeleld B ot el st R N Rt 0 B

gt gact gt gcce4RQE ldeh @ c68ALeRAL G144k qaaddok Ol 62664 GQbLdgeEsACCIBLATL g
gaaggggct g ccgcggaggg tgat gacggal200 gat gacggag at gaaggagg tgat ggagat
gagggt gagd vemggy caggagtyai@idt ] @eccBgacat 1t g8@dhca t2radaldot<2 1 38 0EpSt ei n

Barr Virus <220> <221> misc_feature <223> EBNAl ¢ Truncated DNA Sequence
ttaagagecte tcectggetag gagtcacgta gaaaggacta ccgacgaagg aacttgggtce 840
gecogytgtgt tcgtatatgg aggtagtaag acctecccttt acaacctaag gcgaggaact 900
geecttgeta tteccacaatg tegtcttaca cecattgagte gtetcccctt tggaatggec 960
cctggacccyg geccacaacce tggcccgeta agggagtcca ttgtcectgtta ttteatggte 1020
tttttacaaa ctcatatatt tgctgaggtt ttgaaggatg cgattaagga ccttgttatg 1080
acaaagcccg ctcctacctg caatatcagg gtgactatgt gcagetttga cgatggagta 1140
gatttgecte cctggtttec acctatggtyg gaaggggetg cegeggaggg tgatgacgga 1200
gatgacggag atgaaggagg tgatggagat gagggtgagg aagggcagga gtga 1254
<210> 6
<211> 821
<212> DNA
<213> Epstein Barr Virus
<220>
<221> misc_feature
<223> EBNAlc Truncated DNA Sequence
<400> 6
atgcggggtc gaggaggtag tggaggccgg ggtegaggag gtagtggagy cegecggggt 60
agaggacgtyg aaagagccayg ggggggaagt cgtgaaagag ccagggggag aggtcgtgga 120
cgtggagaaa agaggcccag gagtcccagt agtcagtcat catcatecgg gtctecaccg 180
cgcaggccece cteccaggtag aaggceccattt ttccaccctg taggggaage cgattatttt 240
gaataccacc aagaaggtgg cccagatggt gagcctgacg tgcccececggyg aycgatagag 300
cagggcccceg cagatgacce aggagaaggc ccaagcactg gacccoggygg tcagggtgat 360
ggaggcaggce gcaaaaaagg agggtggttt ggaaagcatc gtggtcaagg aggttcocaac 420
ccgaaatttg agaacattgce agaaggttta agagctctce tggetaggag tcacgtagaa 480
aggactaccg acgaaggaac ttgggtcgece ggtgtgtteg tatatggagg tagtaagacce 540
tccctttéca acctaaggcg aggaactgec cttgctatte cacaatgteg tcttacacca 600
ttgagtogte tcccetttgg aatggeoccoct ggacccyggec cacaacctgg cocgetaagg 660




<400> 6 at gcggggtc agaggacgtg cgt ggagaaa cgcaggcccc gaataccacc cagggccccg
ggaggcaggc ccgaaatttg aggactaccg tccctttaca ttgagtcgtc gaggaggtag

aaagagcc g’()a?g&g cccag ct ccaggt ag aagaaggt gg cagat gaccc gcaaaaaag

agaacattg dac acctaaggcg tcccctttgg tggaggcecd§ G@@%@&
gagt cccagt aaggccattt cccagat ggt aggagaaggc agggtggttt agaaggttta

tt gggt cgcc aggaact gcc aat ggcccct ggt cgaggag cgt gaaagag agt cagt cat

tt ccaccehgydagaet 9ago: £¢Aa0¢a54:0t0922aLCAlL . ARAVGLET G QAL 0L Ot t £44
cttgctattc ggacccggcc gtagtggagg ccagggggag catcatccgg t aggggaagc

t gcccCCcyaenagasse Cgaggogi-ggiot satggcd ggodcaggag ctatadggaggceagaqt gt Tap
cacaacctgg ccgcc t aggtcgtgg tctccaccg cgattatttt agcgat agag

t cagggt gaftgéa@%%c@gggg%ceaégﬂaﬁéaafi g@%%@%ﬂ‘ﬁéﬁ%&c‘@é%@@@%t aagtf WO
2006/ 096989PCT/ CA2006/ Q0 0309@9m9a?tccatt agctgttatgtacq;g tctgé
aaggat gcga t t% dgz g@c?gg[ gt t af gaca gettigacga T gt aga
ggggct gceg LegRG0H88gd8aG00agat ggt gaggaag ggcaggagtg a ttacaaggt c
aagcccgectc ttgectccct gacggagatg atatatttgc tgaggttttg ctacctgcaa
tatcagggtg ggtttccacc tatggtggaa aaggaggtga tggagatgag 720 780 840 900 921
<210> 7 §%§§>;§§ <212> DNA <213> Artificial <220>

<212> DNA
<213> Artificial

. <220>
<223> Forward Primer

<400> 7

acggaattcg ccgeccaccat gtctgacgag gggeca 36
<210> 8

<211> 27

<212> DNA

<213> Artificial

<220>
<223> Reverse Primer

<400> 8

gaggaagggc aggagtgaga attcccect 27




<223> Forward Prinmer <400> 7 acggaattcg ccgccaccat gtctgacgag gggcca36
<210> 8 <211> 27 <212> DNA <213> Artificial <220> <223> Reverse Pri ner
<400> 8 gaggaagggc aggagtgaga attccct27 9 The invention clainmed is: 1. A
mammal i an cell line that stably expresses a truncated Epstein Barr

Nucl ear Antigen 1 (EBNAl) protein, which cell line is the 293-6E cell line
deposited at the International Depositary Authority of Canada under
accessi on nunber 150305-01. 2. A process for transient in vitro
production of a reconbinant protein, which process conprises: (a)
transfecting a manmalian cell line in accordance with claim1l wth an
expression vector coding for a reconbinant protein; and (b) culturing the
transfected cell resulting from(a) to yield said reconbi nant protein. 3.
A process in accordance with claim 2, wherein said expression vector
further includes a conplete or partial Epstein Barr Virus (EBV) oli P
sequence. _

9

The invention claimed is:

1. A mammalian cell line that stably expresses a truncated
Epstein Barr Nuclear Antigen 1 (EBNA1) protein, which cell
line is the 293-6E cell line deposited at the International
Depositary Authority of Canada under accession number
1503035-01. |

2. A process for transient in vitro production of a recom-
binant protein, which process comprises:

(a) transfecting a mammalian cell line in accordance with
claim 1 with an expression vector coding for a recom-
binant protein; and

(b) culturing the transfected cell resulting from (a) to yield
said recombinant protein.

3. A process in accordance with claim 2, wherem said

expression vector further includes a complete or partial
Epstein Barr Virus (EBV) oriP sequence.




