TI TLE OF THE I NVENTION Virus purification nmethods
FI ELD OF THE | NVENTI ON The i nvention belongs to the

wo p@baswsse purification of virus, nore in partietl/BP2005/050739
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reconbi nant adenovirus, from host cells. BACKGROUND CF
THE | NVENTI ON Viruses, either those occurring in
nature, or reconbi nant versions thereof, are used for
vaccination and in the field of gene therapy. It is
possi bl e for many viTilEd&sOFr THE (INYENTIPKe particles to
safely and efficiepilis RL.OPagad€i ddhasenbdis host cells
(see for instance WO 01/38362, which describes the
propagation of various viruses in host cells being
Elimortalized reti nalEi&l PE) THE RAVENHLA®MNt

AEIRNOVIVEHS 85n AWl AR 85 il L e ichasss OfuMidiab tYEEIH Sirus,
for use in gene therapy and for vacci nation pur$)oses

P rEcBRbFH aracf@ﬁS'\‘}}i’H%’é:s agPBROVSTA fra@f bttt i
at least the El region, and are propagated in

conpl ementi ng cel Iﬁcggg&,@ g YA EBiveN@@won, such as
293 cells, or El-"Tmmortalized retina cells such as

PER. Oé’(Ltere%'elestth@s‘eéh?%? HEEAARS S (RdtERy ©F recombinant
NOPBhohBBYheMddBI apropagaticon vebcliet M ugesinntthegield of

hasie Ct%ké?yfc’ft vl rgugglyléléoraaguqaﬂ&% bt v§rus like
necessary urify the viruses_fromthe host cel

RAGHE 1 hr PRI LRSS APt HeoRaY %’é‘ff@rﬁatﬁpb’(‘?%%tll“oh”t
W2 198/ 22688t akesigrsithese met MOdssBer, tireiqir cductilmss ame
H&!dﬁégQQEBQ”ofﬁvdyi%GQVbifﬂsééeQkoﬁést'QH%1%EEQQH§ El-

rise grow ng host cells, infecting the ho cells
vﬁ%‘?%&éh%ﬁ‘? rRSI "RafFFesth ndearEPi§3th gadcel?é’v%‘é?e% él"Ps 2
qoRtfentredat thisd heE enude torsalre, fexchsnginngetdetHufabgr and
OEOJ QQCEEHQ&&Y %%H»Eoséé east,dcfﬁg rEBSmM’éaﬁutte aWbhBviruses are

nucl ease, furt urifying the virus using
dfﬁ"@ﬁ‘&?o@?ﬁjpﬁﬁﬁr’é‘se\}ér ar Jcﬂar'?éﬁ' tBﬁbF]r ct9iGHs 8BS cti%e the

Fpﬂdpb@ﬁabﬁth(ﬁomplementlng cells providing the El-region,

such as 293 cells, or El-immortalized retina cells such as
PER.C6™ cells (see for instance US patent 5,994,128).

After propagation of the viruses in the host cells, for
virtually all applications it is necessary to purify the
viruses from the host cells, before further use.

International patent application WO 98/22588 describes
methods for the production and purification of adenoviral
vectors. The methods comprise growing host cells, infecting
the host cells with adenovirus, harvesting and lysing the host
cells, concentrating the crude lysate, exchanging the buffer
of the crude lysate, treating the lysate with nuclease, and

further purifying the virus using chromatography.
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viruses fromhost cells, nostly concentrating on the
use of specific chromatographic matrices for

w@eosHswsat i on of the virus froma host cell | yBeL/BP2098€50739

e.g. US patents 6,008,036, 6,586,226, 5,837,520,

6, 261, 823, 6,537,793, and international patent
applications WO 00/50573, WD ©2/44348 and WO

03/ 078592. Most of the described nmethods apply a

nucl edsuerabatthemt Pybbpcatd cdegrader PA theparfifigation of
Respiske &hem daser kBt ion xﬂa‘sta@veaa&ermmaaaesn r@g@ru@bngf
di fferent chronatogpggc géra ne ggnalns f

AIRSTAACT Fer A gFeper abrTag:'%lﬁﬁisoved nerhods et A Fu?
puirmufsi €atmom Hasemchddtlyxste, cagkbeue es- USThetgm‘efseﬁwtOOfi 036,

ld“é%%t 99@ %%ﬂ%&osuéhzé’@:sfi@die 5@}53@3! Plhmrgérﬂal%mnal
0 e n

IRATEE PHG AR oBr B0 (A0AS0 gy b SaFdBhatt Mo 8R4 07g52 -

t o t h¥okhventtiten deBLT)hed eetbrdapheplly a Tucldasd oneaBment

sd@%n%gnéééia&élDNA @Qﬁ&r EFQ%CtbQQpléé Qhezdes$¥¥gthglbf
protein renoval at clarjfication after T/ B vs.

FIoEE8s PERRPIHT. TRIRBIING HeAEF e SincgaFod i fnagrices.
SDBRAGE: ¢ra il ¥olyi 81tetndts visuRAGCE, rd feviablpgbmyroved methods

anal Y5k8s QuditiREREES S SAMLES 051 P SARALALE The present
purifications is shown (see exanple 1 and Tabl e for

SAMFPEST ™ PIsHEes2SPeh fPYMC4ST/ B har vest, wher ein
| ysis preceded nucl ease addition; panels 3- 7 are from

a B/ T harvest, wheiLi-RBHeh€ase rWes ragses; before
Ié'\/3| s. The harvest_(‘l—l')_wﬂmd by a 0.5_mm

Eri éar wHFIS @f EPanEew) metpee o%d“a&yeﬁtbn%/té‘eﬁeﬁﬁ?
Sav/Bopoe esis ftblet epthd@nesoZPdinyl to narekenyedidm (BDT) $ see

hang1 8! PNGSI 485 tohl Gs: BenBhabl! tgatl: OBog“ctIhHBcQ*ion

salt renpves hi stones duri ng process (sée exanple 2
A silver - stained SDS- PAGE is shown. A . Perneate.
Sarpl es: Hdst. denilt pabtear meabeal 2at @fardfidxtion after T/B

Q%nC%F&régééQ%s qsee1§£g|DFVfgr séﬁé*é? 51§&é¥ Qﬁglgeg SDS-
PAGE (4-12% bis-tris NuPAGE, Invitrogen) analysis of in
process samples of 5 separate purifications is shown (see
example 1 and Table 1 for samples). Panel 2 is from a T/B
harvest, wherein lysis preceded nuclease addition; panels 3-7
are from a B/T harvest, wherein nuclease was added before
lysis. The harvest (lanes 1) was clarified by a 0.5 pm
Clarigard filter (lanes 2), followed by a 0.8/0.45 um
Sartopore 2 filter (lanes 3). M: marker, M, in kD is shown

alongside.

Fig. 3. Diafiltration with high salt removes histones during

process (see example 2). A silver-stained SDS-PAGE is shown.
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Retentate. Sanples: 1 : start sanple. 2 : after 4x
concentration. 3 : 1st DFV 0.3 M Nad . 4 : 2nd DFV 0.6
MNaCl. 5 : 6th DFV 0.6 M NaCs3 6: 7th DFV 1.0 M Nad .

7 : 8h DFV 1.0 MNaCl. 8: 9th DFV 0.3 MNaC . 9: 9th

DFV Frdrieake( OS2geaa:f Lt atteladf psampiiee 8)2: Riftemeiker,
MbhdbkRaltgoghoywn 12k giigsiode. m Rib1 44 S@*‘Peﬂﬁvocf @AM NaCl. 5:
prtaferre [ocess acc r\dl}%g, to_the_ inve %see

e%anBF\é MFF] “*5 *Reho &t °BAdT¥ feiho™
(WY1 r80m7f"e®6'ﬁb0 nAM NACLWSO pr & PapEit |00|$SM( E@@l exanpheker,

3, g}gp@ﬁl {@rgho'smlaﬁgﬁ defails) . Asilver - st a| ned
SDS- g 2%b|s- tris NuPAGE, Invitro

s‘F\ovﬁ‘?teRta §t a?i"?&?&snai‘er?%rt B2"P & e hatdtéR V\f h 1%
Towere2@atCon . | hcubatoryn owsti a3 .MANaZl®. DAWe0 & MOWaCl. 5:

denopes N MFhde 6.6 EXPerdeenat of @ryd@moval gof pEpol 3
nucl eoprotgin from recorrbl nant yirus preparations (see

et #:39 eXB8r P nbdf M8C3-£ 37 etV Syilleg -2 nm\phltrate
-of eclirpded SDS M: RAGkefpanelinlkpangd shesine nhoddwitde(.panel

2) analysis of renoval of Ebola nucl eoprotein (NP)
fromreconbi nant_virus preparations (see exa

eXifer i‘meRfheT o2 @EEEPTEIY PrPSRES FFcorging %n “aﬁ n
piodiatioA (s& andchnler espectively (see Fig. 6 and
experinment 3.3) . For the Western bl ot analysis, an

anti body recogni zing NP was used. The arrows denote
NP 9 -FiSg. RgmovaRp. OfHISgE%l'an'ﬁf%ﬂﬁ%rBFe’r’éanl fopm Etfstogbinant
nuicheoprepetat {ddd) (seonexagirbBnastpartineht Prodiwt s A
aft A1) C XL ARAKS e Fls B8LRI (- 20 b%agpig NAPAGE,

experlmsnt . 3. he vertical axis are in AU (xl
L}&ﬁﬁtﬁ9ﬁ€“ho+§z§ﬂﬂﬂ§l éXI%Fartlng material. B: 1incu atlon with

1% Tween 20. C: incubation with 2.5 M NaCl. The arrow denotes

NP.

Fig. 6. Experiment for removal of Ebola nucleoprotein from
recombinant virus preparations (see example 3, experiment 3.3

for details).

Fig. 7. Non-reduced SDS-PAGE (panel 1) and Western blot (panel
2) analysis of removal of Ebola nucleoprotein (NP) from
recombinant virus preparations (see example 3, experiment 3.3
for details). Lanes A, B, C contain product A, B and C,
respectively (see Fig. 6 and experiment 3.3). For the Western
blot analysis, an antibody recognizing NP was used. The arrows

denote NP.
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(elution tine) , arrow 1 indicates the peak of hexon
protein, arrow 2 indicates peak of NP. Fig. 9. SDS -

wEF2@E0§Eahmel A ) and Western bl ot (panel B ) SPONEPZPOS/050739

t he renmoval of of Ebola nucleoprotein (NP) from
reconbi nant virus preparations using high salt and
filtration. After anion excharige chromatography the
sanpl e was buffer exchanged with a sol ution conprising
5M NaCl . The sanple was directly filtered through a
OFf]gS Bm NbLﬂiﬂ»mcananyshgt&f dMolvhii P&F Bbo1al aB€1doprotein
Pgr%glltrgtnl‘bolr}]ant : ftertflzltratlgn For the
Xern Bl 6T 8h AR B%)ﬂ")‘/ T EESGRFEF iy P CHEE The
canaowsednoFes d@alﬁsgseqcféxe@ml@nat ogmﬁnlmﬁenAd353 THRe
f&‘é&&‘b@&ea&%adﬂ@ €nbAyl @@ﬂ?d) OyrRie® Khe GRIAMIBERANGL A
and .on a char ed fllter ( anel %\mThe C|rcle in
pher}é"tlgnl hiffPat & PHet e’x‘fc} ESK EPMB AT °E BRTg, Protein.
sepavakedndiomeasheeukr as bﬁeak usi ng the charged
filter. Fig. 11. Disc centrif ugation analysis of two
fractions_of the charged filter chromatogram Panel A
Shichns th§D§el?ﬁciFerfP3f’anA)prad‘fdi Fesberh IR Okd3B2NFT Y showing
peek repanel ¢F sifowbolaengedopentatn ONRIr Gpherafortblieant
SR Bgé'balgé:ﬂlr seqs!qu Fﬂlg;h %Q)‘Lt arllzcll G 1chat§9$ AfpégEanlon

anal ysis of chromatography fractions Ad35 (see exanp
6)XCrANIg 2B IR LOGEAPRY gE1S SR Rt it E5F | ?z’é‘?ha’@&d ﬂlth a
straws ibhecémmcitsions 5uf Nddie. dhar gedpid |wWaer dliudélct]Jy filtered

'@Jr‘s%tgh 20 .84 E{mt M'ﬁiﬁsé@'zo %utél- Omlhﬁ%g?% Lan%ﬁék

1 (cifcled in

ows
f“i‘eof&rfaoﬁélb’faﬁlr?é’ Q39<Ee r‘%m affersféjr’frarfdtoé‘rl Bpr the Western
fdlowt, haouglt ikddy Ad35gmieslng DESECHRS RideddN Cke Tédrow denotes
IENTI ON The present invention provides a nethod for

the purification of a virus froma host cell, said

nmet hod conprising the steps of: a) culturing host

oelgl.s 10hathaime: tiogfent €fl AdISh TEFVieustalte) (agghipig: 6) loaded

WCLeaser Lo 1R GBhhe U U oANE Glad¥8l P 8B QST B) .
The circle in panel B indicates the extra peak, which is only

separated from the virus peak using the charged filter.

Fig. 11. Disc centrifugation analysis of two fractions of the
charged filter chromatogram. Panel A shows the sedimentation
profile of the Ad35 virus peak, panel B shows the

sedimentation profile of the extra peak (circled in Fig. 10).

Fig. 12. SDS-PAGE analysis of chromatography fractions Ad35
(see example 6). 4-12% bis-tris gel, stained with silver. Gel
A shows the fractions of the charged filter run: 1. marker; 2.

start material; 3. flowthrough; 4. peak 1 (circled in Fig.



cells to provide a |ysate conprising the virus. In
preferred enbodi nents, the nethod further conprises:

wa@looslosossd i cati on of the |ysate. In still norePCT/EP2005/050739
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preferred enbodi nents, the nethod further conprises:

e) further purifying the adenovirus, preferably with

at | east one chromat ography st%ep. The nobst inportant
difference with the nethods hitherto disclosed, is

t héx; i PHeSeret hGed B Aueiedde fsaappiisedfonhy ffleprun:
| ysid\hAth@aeskisi; of. 2todrhalRh;Stadgaid Johe.
purification process. According to the present

i nvention, a nuclease is added before |ysing the

cells. As discl osBES¢RIBIION DF THE INGRNBEEM

upgx ReCkedt i AAUNG dhgl ot liss Tesdkhsq | sza%tenpapm@a@tlon
over the processes wherein nucl ease is added on

aft & WHYEScEFPS harEthEsh! y%ael& mFﬁh?‘F]e‘:"l’Pé’trﬁﬁang Yene steps
actoradi rgltoride hHusesenlls miend kon, itfertgadr witeda Winys, b)
bﬂ&m&mﬁuh&aw dd Q@E‘et BL$y péﬂ“t%%é COR %)niﬁ/@ﬁé %5& host

than with the nethod wherein the sin
ceH S fPrePEELIG He ¥GRF B aSERIdFL PP O E |"r}réﬁspr ot é?rreef&rred
eorbbediinent s, ttree wathedi Suatireec ephpnisds :adenovarisication of
Of\fe G_L%Q%WEM ’st;qu QHQ& eﬁ]ﬁi&eﬁgg é&é&l%nb.g I1§’he method

benzonase*. In one enbodinent, the step of lysing the
h%%ﬁtqﬁ§lF§m?§f§ﬁf CF’ §ufﬁﬁ?ﬁnﬁﬁééfﬁkT?lE?qdéﬁéF@%&ﬁus'

wht e riap 1 @ el enzodileaat édrercdebmagodrddhan s« Xg 00Thd most
Oﬂﬁpoer'%"aﬁg' E?E‘Eeret&% %hé‘ﬂ'JAeC%EHBdeh{J%%zltxséigcﬁéste%p is

%P npri ses th filtration and mbrane filtration.

| e ﬂPeFB??%&P%ﬁﬂ&GﬁlﬁeﬁTC%Qﬁ§Fe6F a%%ﬂ%fﬁn@ﬁﬁYa?&Fer lysing
fild retlilon o5 Ferd onred stsigegia ebaipwdifient 0én foddeess.
r@e’dor}gﬁneo{g Lsﬂez%r%fsegt u{UEnQ@.gno 45nMe’as§5u§Q chtie% before

onbi nation filtér conprising two asynmetric
pb‘iifé‘%é?%u??]o]r% RENBi SHESSH PRYBORe i 288 BPY ¥ and
Qurxpept edSyictoas]l ah&ar tioporesunys - Zn conlimpadve@fent over

fil.llet % oCLQg?Q%h%@QW ?‘feaste ? Cgéﬁéct o%qyl X%@ér_e the cells

resu rom ste IS SU eC ed
anyFHPFF?r%X§QﬂT &ﬂdFB? T Eeg PFF%E?%ﬂ? tPntBepE%ﬁiﬁﬂted
eimbeditien thereafifitlievirus batch resulting from this

process contains less host cell DNA than with the method
wherein the lysing of cells precedes the nuclease addition. In
a preferred embodiment, the virus is a recombinant adenovirus.
In one embodiment, the nuclease used in step b) is benzonase®.
In one embodiment, the step of lysing the host cells (step c)
is performed with a detergent, which in one embodiment thereof
is Triton-X100. In one embodiment, the clarification of the
lysate (step d) comprises depth filtration and membrane
filtration. In a preferred embodiment thereof, said membrane

filtration is performed using a combination of filters having
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diafiltration results in buffer exchange agai nst a
sol ution conprising 0.8-2.0 M NaC , or another salt

w@emsighshg an equi val ent ionic strength. | n cepdEEPR2005/050739

preferred enbodi nents, further purification of the
virus (step e) conprises ani on exchange
chromat ography. I n anot her enbodi nent, said further
purification of the virus (step e) conprises a size
exePrsivrrecREofrat oft @iy Osé epum.prsgfer adly dombgnatipon
3@@@@&&&@&@%@ 4o &%@tﬂe&ﬁ% qcfcgryﬁeﬂeﬁﬁbpﬂjmmembai%
ri ses bot on exchange chronmat ogra "
wg%e BYS Fsi6h %gﬁgggto rgpﬁ€ nsgggt%ﬁn 5§Pﬁ€%t52
aembwmhnw}ntéiﬂher+ﬁMenmeoamb¢¢mmaﬂtarthee&ﬂdqwiape anshte

fius ey RUELbhese dd 1S 16F 09 sty do o LSh t26€i b and/or
buffers that are free of deter ent rra nesi um:hl ori de

angtsucrdEen: aar?o‘”tel’?éffrﬁgp%ﬁo FRBT| %fonthe
piavidestdcbatesuifs necbubfﬂrarﬁxc@degevaqwsa:onpsbs@ngm

éo%;i'S@{‘s%Qu%n@ ghoseny fvaem, t be agx{d)é#a%rCQQﬂ S ahy 2D
avi rus nucl eoprotein, _an Ebol avirus ‘gl ycoprotein,

9P RSd dRPEal %"rrp’f“é’igﬁﬁl cip c‘EﬁﬁstﬁdPo%?f%”&’h@mbaﬂb‘“ents'
Meashes purifschenayggifutthai nirsai @Gtbat eh cimrasteraziath

BRcH e ich rORARE S AHHESInt BT L RBoBORINCelsh s PNA, A8le -

IEll viral particlés. The invention further provides a
RBt holPatdrnt Aé "pﬁeod’&n’ft“rsorﬁsB?P £vicPusT YA Sitfig grclusion
nbicoes o oreplly segien peretodainly fior gaonpcdeparaadbd mode. In

Qh&‘&h&g PRECLeENy LRARiELPT {1 S ERSmOE s bBUiBtMiJ}Q

host cells that have been Infected with virus
U S (G SAR PARYr 8ngf S RS S XCEPP 50 "ORRHOFF $RIY -
taetxim epbodigettd adcpsisnoftd hehostereldns tbe pafmmcteed

al ysat %n&aommépqm&q'fqew L US;s C()frgH bi &64 'dngnwﬁdy) in

t0_ani on_exchange chronat ogr aphy, characteri zed
Protest (foftaff dnf B Ranget eri<dat 8@95WW&°€F?%§“‘1
sontadeni ng m xture i s buffer exchanged with a sol ution

Conprfﬁya%gtﬁérlégygbtl @%gkélveﬂ%lon provides a batch of
recombinant adenovirus comprising a transgene chosen from the
group consisting of: an Ebolavirus nucleoprotein, an
Ebolavirus glycoprotein, a Plasmodium falciparum
circumsporozoite gene, and measles virus hemagglutinin, said
batch characterized in that it contains less than 0.1 ng host
cell DNA per 1E1ll1 wviral particles.

The invention further provides a method for the
production of a virus comprising a nucleic acid sequence
coding for a nucleic acid binding protein, comprising the
steps of: a) culturing host cells that have been infected with
virus, b) subjecting said culture of host cells and said virus

therein produced to lysis of the host cells to provide a
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anot her salt providing an equival ent ionic strength.
Preferably, said solution conprises at least 1.5 M

WON2006/080580 € preferably at least 2 M NaC, stilPCTBEP®05/050739

preferably at least 3 MNaC, still nore preferably

about 5 M NaC, or another salt providing an

equi valent ionic strength. Preferably said virus is
further purified using filtration through a
Rydebphidninrisiihgesaiprvéfrepabtly smvitleciiporgssivisupoto anion
EﬁﬁgﬁﬁgéIEﬂIo%a@oéEﬁphyan@bQEangéié@a exClmsd %&ter anlon

chr omat ogr. referably. is a reco

a Vi rus
SRF AR R boerm, 2, BLGH! ShRr i g gge. Lqrerer
ruchergedcii¢hbanse hiripnotenpr hendhetaleust daM Proleioy

§H89hé‘§ ﬁﬂuﬁk@(}’%ﬂige'aﬁ @&u@vi‘?&{@%ﬁ%' &txfe%\é%h virus,
such Ebol a, Marbu Lassa virus, preferabl é\‘l nore

EB‘BF%r"K‘HJrYus Sab%ﬁ‘i’l‘ﬁb%E%@P&”P‘ﬂetﬁ\laéF I'NVENTY
bostecailys aA hesst celM Nactorsiiig torthergfegsbny at least 3

MNNEST | Q&ﬁﬁnmpﬁe PP Fa98h1§ e!léod@%r & Ra@ de3 %ﬁgtl\(é{ Wit
can be propagated.” For exanpl e, propagation of

PERBHBI AT SEBLMRATYS 19BLE o?"s“i@t&onﬁr?fr?”r?ﬁ’%? gafg gvirus
thatuconp eeentieefistingn€iksratmidnhehadegio\d mysiroSuthic
B@ﬂeﬁe'déf%%% aplon Bays.-in Lhein  9enans: ahaheass an

adenovi rus El uence, and thereby are capable of
EB%‘P"erf‘?é’ntsllﬁ@ ?’é ioRa b~ SRS RAAAPTE e sTHE tH T4 SdBT RIS GR1Y
L8 & heeddmoieghonvifusy,t heket e Fdepayi 8 usedtapihane a
Q&éﬁ%l%s' nTthmE?ie&%%QE‘d e!‘!Hd?JPl e?rchéﬂ?'&é@ka IrQicar

enone, and hence such etl1 on doés not have

‘%Ob%lftzoﬁ»plr:anéﬁt%&HCAWPEPEW|°eﬁT€nPFﬁ@°W6§ﬁlEeF?V%ran

beruseducthueh Bisolamaa rbetd nacaldssal wibid,alprze€dryl FlEbola
€18, 911 (see US patent 5,994,128), El - transforned

ammi ocytes (See EP patent 1230354) , Eltransforned

A549 cells (see e.g. WD 98/39411, US patent

5,891, 690), GH329: HeLa (Gao et al, 2000, Human Gene

Ther apy DETAILED DESCRIPTION OF THE INVENTION

Host cells

A host cell according to the present invention can be any host
cell wherein a desired virus can be propagated. For example,
the propagation of recombinant adenovirus vectors is done in
host cells that complement deficiencies in the adenovirus.
Such host cells preferably have in their genome at least an
adenovirus El1 sequence, and thereby are capable of
complementing recombinant adenoviruses with a deletion in the
El region. Further the adenovirus may have a deletion in the
E3 region, which is dispensable from the Ad genome, and hence
such a deletion does not have to be complemented. Any El-

complementing host cell can be used, such as human retina
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11: 213 - 219), 293, and the like. Preferably
PER C6(tm cells (US patent 5,994,128), or cells

walznsvedsd her efrom are used as host cells, as RPCOEEPADF050739

suitable for the propagation of various different
viruses (see e.g. WO 01/38362), including but not
limted to reconbi nant adenovéruses. Further cell

I ines and methods for the propagation of reconbi nant
adéhdvingrtedired Phdle kog- i Nst dvce Beerridindcholed 128) .

bJSHpaimofz&e&%mlﬁ&y&@@ i@%ﬁ@%&@ﬂ%hsmrypl Eﬁ-d of

ot her _usefu i'an _ce i nes y he use
GEFREITY egsp‘ﬁgg cTE1S $5F8r p?‘oﬁ'qaggg9 %g@zﬁr eB3bF"t
50ATDr 4250 FHB2 OilleerteAD] Ay 402006} | Burfar Gene Therapy

Fepl 3ty , debsciant vyl h!§k@r & 8L BN E*lﬁ‘{'—@wetzlahs (Us
and cell |ines of Chi nese hanster ovar

BRRSTE 7 G380 e30) G F RN NSk O8rPEE RS TR bR 15 host
thelpersornrbeki aredsuitabie ot . tHdopiropadd siacedr dangpu=o

bbesd AMANGIL 0085 (LIl LURedyd 001/?3%%%@339 E@élucﬁﬁg Mibf Ut
nunbers and/or virus titers, Culturing a cell s done

LomEehI % FECPBPHRADGLRRRY L5 Sor gr ow and/ or di vi de
and/ oruppheducel Vi riussofninherrests &#oeotitk ngropeghhkon of

kQX&EEirPa% ThLSo$aML b %eéESPéTmalv%h %Eir b}(n%&&%d Be@s such
known to persons skil and i ncl udes

[
Bhtcl e Totnl P BEPts Gpﬂ8%1 bﬁ%@%f?. Shide Adhatne

cel | ,Efapipliensdansiendm usheuBppmopiiiat eceul tiinesneghta.may be
1584 '@E&%@iyﬁgy HHPLE € s gf&é'\'ta} ?QQQE&:{I% J&é@éfé‘ﬁes

growm h I n suspension, or conbinations er eof
Eﬁ’l“(%ﬁtieﬁ’g ipLA B@“R}F&’T@“fﬂb?g i MYarse P nf s‘r?é%lc%’r‘l’rér
bBeftdientorirns by e@ebossd Higiangebas cind feedl batedh,of

EQNéé@%‘éﬁéXﬂ&%y,Wﬁh@W BdiClosahd Ad16:d 1 Kes, Ifhn ang

order to achieve | arge scale (continuous) production
YPCKi 9Us St hAB U BRIt EBP RS Tt Sk pPefidt F88 #htt he
art t>staveltel dscczapabl o ofhegriowengidomsuspenstared and

T]!éas%f %E@ifﬁgd tx&J&QVﬁuﬁ?éj_lé a%%%il'@lﬂ{] Q%QQS Culturing
tured in the absence ani mal - uman -derive
ge?%ﬁﬁ d@ done to enable it to metabolize, and/or grow and/or

divide and/or produce virus of interest according to the
invention. This can be accomplished by methods as such well
known to persons skilled in the art, and includes but is not
limited to providing nutrients for the cell, for instance in
the appropriate culture media. The methods may comprise growth
adhering to surfaces, growth in suspension, or combinations
thereof. Culturing can be done for instance in dishes, roller
bottles or in bioreactors, using batch, fed-batch, continuous
systems, hollow fiber, and the like. In order to achieve large
scale (continuous) production of virus through cell culture it

is preferred in the art to have cells capable of growing in



animal - or human -derived serum conponents. Suitable
conditions for culturing cells are known (see e.g.

wae®suoss&ul t ure, Academ c Press, Kruse and PatBCEBP2005/050739
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editors (1973), and R 1. Freshney, Culture of aninma

cells : A manual of basic technique, fourth edition
(Wley- Liss Inc., 2000, |SBN92- 471- 34889 - 9). The
present invention conprises subjecting cultured host
caldpenshan, agwd iiff a6t edefiidedyitpubate dejdsscamableuoifngeing

h@@ﬂtdaahl§naixbidﬁgggagnaftgkymathBrahaﬁaa¢aek§vaﬁﬂderum or
knovvntotrlb erson.skilled in the art. Infecting o

hgsadel PE SFTNEP At CAPPY P HE S céSﬁﬁf‘?%%éd’“ﬁ’;}tlons
efkposiuigut hreg ialls boet heovappisepr € af € THiestecehltumder

PRy @Obedd s CaNdisti ORS, p AL ALELT | 88 k€9 9ty thea r. T
virus. For certain viruses it is not even necessary to

STEFOR L OV TS 9&r 2REMaheotdsr ef M S qhRttces may
be=arsgdutp faoonsikidtul en t el leiyrUsss nirtche 0DOUrEgBN 0-471-
celdev-opeveral aspects of and systens suitable for
culturing host cells for adenovirus production can

al so EéefEﬁﬁﬂquw1%@?9%}?@5§§PrﬁsesfTﬂ”fgthEt?ﬁﬁﬁ¥9FGrhOSt
otd tLgr bhgt Catd Sindedtpd opagatviimgsvits Uses si.n"Chbsiricel hsst

r@e\ﬁe_lsala 78 Pr%?‘él:tq' %Clcﬁérﬁ‘dwiéh al Qﬁn‘?%(al@'w%’lluxg'n&?& &Y $he
68, 944, 5, 384 941, 5,948, 410,

5’%&6’“58511%9‘178‘91 5980, aﬁt dglfGSGm% %ﬁ@og?scﬁhbs can for
i itseanati @ﬂaﬂypaﬁeeatcamausr@ul BRSeIMB OGh638BE62vidMB to the

Ot 6304, 800,00 Q34 084449, %Fguggégmel @%LQQQ&Q the

instant 1 nvention are amsna de range of
RS IeESing rftFrttfdﬁen@bel‘?e Ot USi- nF PBC ' d-2ddeMbTE s ds, is not
pmenvhrausssary rodevartisesth herpespant rs¢sess nucleic acid

p&%‘éﬂ&é U bep%égy%&?véééé%%%at%é NQIY %YL & U%?Sth(es uch

as i niluenza) ,retroviruses eno -associ ated virus,
VELERPE /Y

Several aspects of and systems suitable for culturing
host cells for adenovirus production can also be found in WO
98/22588, p. 11-28. Methods for culturing cells and
propagating viruses in host cells have also been disclosed in,
for example, US patents 6,168,944, 5,994,134, 6,342,384,
6,168,941, 5,948,410, 5,840,565, 5,789,390, 6,309,650,
6,146,873 and international patent applications WO 01/38362,
WO 01/77304 and WO 03/084479.

Viruses

The methods of the instant invention are amenable to a wide
range of viruses, including but not limited to adenoviruses,
pox viruses, iridoviruses, herpes viruses, papovaviruses,

paramyxoviruses, orthomyxoviruses (such as influenza),
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rotaviruses, etc.; adenoviruses being particularly
preferred. The viruses are preferably reconbi nant

wo 200888556 but can i nclude clinical isolates, ap¢cERPRITE739

vacci ne strains, and so on. In certain enbodi nents,

the present invention is used for concentrating

reconbi nant viruses, preferabld adenoviruses, carrying

a heterol ogous transgene for use in gene therapy or
fertnpyéenpati APeparpasesiatagt vpEPPoSELGRiR| YilstTati on
omt)é,VltrbsewV@iu i; oadwh&hme@eseﬁh@qmﬁtﬁcmsmﬂeﬁ@lflerred
#g reconb|nant ad§nov n o way I|n1ted

t'he

us,
S SEEUS RAetoviPr G S5 Pr e 1na?% AdeRdviTHy can
vigotlodei sl gefdadi énrlahest alteasmabﬁ@ Esane| atr@ewe and so

fcunctxlnoeeptairh%mﬁbdmgh@@,, thelpreb &g Elnaeaegbxonl@wear for
the Elb re the adenovira

(ETTRER 7S HoPRToF BETT CARCBRC: | W AR conoviruses,

erdgogiingnd shettdre lpgeotortransgehpcfentuden iat gemasthegrey or
egseRbial ngens uRebLon. ooyt g@rggswgafoal@agit@étﬂo%agmy,

part of the nonessentlal E3 reglo %
oté1 et PEAR bR e B3P eff TP P he" \5’1 FSFlvfé%’i 6F°85’ﬁmant

eyl tupl youtefiiscianto "waredanmhged hdterele. adenovi r al
vector is deficient in one or nore essential gene
functigns in each of two or nore regions of the
FFafJenome. For exanple, the aforenentioned
Biredefrbienttiey aBknoyi i@l oeicitorend dederdent aln \sactlenst one

C@},&%AW&J}% fgﬁgi:gbﬁrgf 't@leakll @@g%tonon@ SSSG.{Hé @‘.lla region
gene of the E4 region and/or at |east one essentia

G °5f t‘E“ﬁe““@ TPEGPBN V.S 2EARCEPR Y 61 BRE ditor SE2B
regiudryd . fdderiowilr abpVesttoos . dehetectagh thicodhtdnte, Edhe

fv%Q.JtQQ cans&hilGishe! OMBL NRSE e BRUNG JBERANSEShe Function of
n%%es of suitabl e adenoviral vectors includ

e

i FaFiredrer 8Tt hedsh &@kt(ay W9 I‘BPeﬁﬁ‘?‘ftjcﬁl freTepion
regigon amdxiad |1 delpafén off tthe E2 regionn,. Tig aldnogiiral
Q)%rcttogf cérheerl"m(ﬁgthy @éic@gnp?" tmeodfning that the
adenoviral vector is deficient in one or more essential gene
functions in each of two or more regions of the adenoviral
genome. For example, the aforementioned El-deficient or El-,
E3-deficient adenoviral vectors can be further deficient in at
least one essential gene of the E4 region and/or at least one
essential gene of the E2 region (e.g., the E2A region and/or
E2B region). Adenoviral vectors deleted of the entire E4
region can elicit lower host immune responses. Examples of
suitable adenoviral vectors include adenoviral vectors that
lack (a) all or part of the El region and all or part of the
E2 region, (b) all or part of the El region, all or part of

the E2 region, and all or part of the E3 region, (c¢) all or



the E2 region, and all or part of the E3 region, (c)
all orpart of the El region, all or part of the E2

wo eg@sosnssal | or part OF the E3 region, and al | POI/EPRN$/050739
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of the E4 region, (d) at |east part of the Ela region,
at |l east part of the Elb region, at |east part of the
E2a region, and at |east part df the E3 region, (e) at

| east part of the El region, at |least part of the E3
regrormt abhg¢ Bl resisin.patl of rard P4 tkgifeh reghdn(fall or
ab&reﬁﬁe&&lbabsaﬂ@cﬁm r ahagene d}r%b}et& (&egm region, (d)

adenJ(_)wraI arrp# 1S Gonpr i si ng li\’s and the ackagr:lrgog

sfgna an ncase®of *HeT et 6 dF - e%asrécnfjl at™e
r eg oMs fartoﬂreah*e redeno¥i thus Bfenaweiotheardfdipdt least part of

eprodes x*é\élEHeS?e)f QG 9B8sPaYe it %fb%th@i“z‘%%qu if alsist
pr ef er abl bé?t he host cell arts or whol e

|
CPSES SIesbanbd o SaiPr oghOnst die P Bt bt 10 Phet Soion, and
adencdilr essehhiske dumpevioabeaypreepentiuces t(we ghosédemeidiral

erﬁpiiE%tn%nESmﬂaf‘Iég{gatﬁﬂs'Qné h&,I8AeRE <]z;1ngr 1Gn5i‘eoxfﬂf)m In

of so- | per adenovirus aor pl"asm ds.
The®T é’pﬁ |d€é?Fb‘h“S o |e€F%ﬂ'fl%ﬂde‘r?€\}PP3I f’f/‘@‘btté’le edfn et rus
gesreorat, et hby fuse higpr@ngnspeed dy, tdksal regiswist ipee tw©or be

”ﬂai‘éx}’{a‘%do SQ@&AsesapL%tféﬁé@ R t%lalbﬁé(@@%equ Mo . when
adenOV|rus or a chineric adenovirus as the source of

VREL ot BNEPPLeel ] Gt vi RSt A WB106£2E2HL A rfpieleted from
OHOIRBpyivhs ClrtHeare hast anedapyepeoviide thkehost cell, for

aﬁ?@&\ﬂcfeahn%_’@&xtaoéed’\ﬂlkhtweg&ﬁa%b' bit¥n Ofnd BEeGt A% -caliea
certain desired gpes he adenoviral vector can

s HRF édléﬂ‘d‘%’f‘%ﬂ C\feE‘F Pef:db]a?ﬁ‘l"‘é 8f growth in a cell,
Wi lreipd ikat sonreiegiignieht catdngpartl (et tmoughnnios generated

NEE GRS A EMySé&%l%%t' atlyin desfuho\e99ef F oML NS 68 WA 16 5,

t he genone of an adenovirus . he adenoviral vector
N TS For PEeSWHF YRESn 00 F r 2t a@l@ﬁeﬁé%f F i C8irerime
agenewirus 8 tgrouwputce S pecitalr] PNB (88 dbypendance WO

(ée)ez@zsﬁ‘d%o 0§ A%20) Then AdENQVI Eﬁlsté’x‘?&é QU “?)!o@i&o the

nmpri se an adenovi raf genonme or at [ east a
p?%ﬂ%ﬂﬁ%raérY%%&P?|W&ﬁPaﬁhe capability of infecting certain

desired cell types. The adenoviral vector can be any
adenoviral vector capable of growth in a cell, which is in
some significant part (although not necessarily substantially)
derived from or based upon the genome of an adenovirus. The
adenoviral vector may comprise an adenoviral genome of a wild-
type adenovirus of group C, especially of serotype 5 (i.e.,
AdS5) or Ad2. The adenoviral vector may also comprise an
adenoviral genome or at least a fiber protein derived from an
adenovirus of group B, for instance Adll, Ad35, AdS51, etc.
(see e.g. WO 00/70071), which embodiments have the advantage

that less neutralizing antibodies against these serotypes are



adenovirus of group B, for instance Adll, Ad35, Ad51,
etc. (see e.g. WO 00/70071), which enbodi nents have

wo bmsaghsant age that | ess neutralizing anti bodi BSI/EP2005/050739
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agai nst these serotypes areencountered in the
popul ati on, and confer the possibility of targeting

ot her cell types, since the titdpismof these

adenoviral vectors differs fromthose derived from Ad5

. efoundgrse, in Heheperpphatkin | @ddi AORFRY die RPPilkidowy of

tt@:_tgea;llslg ?Fﬂ%@téﬁﬁh$§f>@§y&%r§:@n the awﬂsadothneese .
son .S e In t
chI SHPLT 85T D ﬁaf ew%’d“eﬁoef’?\;?eﬁ/lé'@tdo%?“éfzxds of

d¢¢tfraeen1thsep©¢wegyk@hls<pem ftihe hostwildl [kaowushaty also any

n@éﬂ@d%e%epp@scafr%el Qéﬁﬁﬂ&f dinsChosssh ik i WPefU LNthe art
6,492,169 or in 03/ 104467, .and references therein.

Aferoer Sl”a%’/%c‘if%r%‘e REE AT OPSc RSRTIRATSR ehvtadral
aret tretshodsdf Hfeppmepagad t yps er epéeifire haelt| c&hibswn usAang

txﬁlaecrﬁfds andn aLe &%SQBEP%A_« 'Hlsc%s@éam"o% Qtéqt RAts92, 169
Nos.. 5 559,099 5 837,511, 5 846,782, 5, 851.8

QgL &7860361%%7128“5%%%%*&5 %h‘@rsefnzzédeﬁowhm
Gy AP rE9 1me eimeH 6, £bk 3018t rand ohhohase Shemid, methods for

"pﬁdﬂ%%\é'tﬁhga&&!&ft heid Repl hedkhohn 1 +d ar® anéfbiﬁ’& tZ

Adenqgvi ruSes", Chapters 67 and 68, respectlvelgl
SHTGE5S B 1T SRPBPLRY di- Sl Pat.d
Ra\esy , Bresss, 844. 782Newmleo(61996}394m 015h994 128

refRseR6es seddi oned E‘eé@d N74Thg, 69MStd1UCLEAN6 Of13, 913, and
adenoviral Vectors is wel understood in the art and

i TRANAFeSPERE s"éleé’f"’éfh‘ilﬁuearad‘%%bﬁlPa?plﬂlcéltb@‘i’c'alM S-
tieotuiicgue Sadsunh rases o Sehagesesi bedand 68f, oregpanplvely, in

Sﬁ'ﬁ%&%% eé % m'é{%QCél{ af; ¢ gagng 3d é@boﬁé’%&(kress,
Manual , ru@ﬁl—hr or Press, Cold Spring.

Haﬁ"oorNeKl Y“Fk ‘(13?%9) anPpGAtLGH LTS encoRe BERbT her&in.
DI, c2dseductiSei effit afietoANl eantBookis @e2924ndearxdood in

%UQQL: §Ldainvolgg§r€ﬂé \PJeOtoQCQL§na&MOQQHL%r khiological

Bi ol ogy, Wley Interscience Publi shersf, NY (1995), and
dﬁ?é’l“lﬁlé%re?%’saﬁeﬁ??%%é%f%’féﬁ@?ﬂ in, for example, Sambrook

et al., Molecular Cloning, a Laboratory Manual, 2d ed., Cold
Spring Harbor Press, Cold Spring Harbor, N.Y. (1989), Watson
et al., Recombinant DNA&, 2d ed., Scientific American Books
(1992), and Ausubel et al., Current Protocols in Molecular
Biology, Wiley Interscience Publishers, NY (1995), and other

references mentioned herein.

Transgenes
In one embodiment, the virus according to the invention is a
wild type virus, or a mutant or part thereof that is still

infectious in host cells according to the invention.



Transgenes I n one enbodi nent, the virus according to
the invention is a wld type virus, or a nutant or

w@2005/084366 eof that is still infectious in hostPCEEPE05/050739
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according to the invention.In another enbodi nent, the

virus is a reconbinant virus conprising heterol ogous

i nformati on, which may be used3in a therapeutic

setting for gene therapy purposes, or as an antigen

f 6r anidienacioPlWiantosEle Thius is a prefdripegt virus

ea&es{rlrmmg usi;éhgo:n‘d@rou'ensﬁmta@enowm{ mé§Cher §sed @ a
teroloqous '{ﬁfﬁ' Lkon S referred to as transq;ne
SRR AG IR REE S dPAgTTS t i pPEsBATE T Venf T of° ate

aptphmblfermmwnala\ﬁipuspum@a‘e@r aﬁhys aberrowireflsrred

cefmalsfreag @Qync} r@&s@esean@@cgdéeaoeréha,é&wge e t he
mat er | to t e resent

r itsel.f not
R SRR URE S LR LR R RS SR S T
|m@nnﬂd§eabeend{hﬁunq bed Pre3dDtO80228688n mre 4Ppli@able with

TL apsgen egr&@;amy aeenerﬁsent cloﬁpgl Yidd'SnqCePtdidhd, Oana
the i nvention may |nstance e t erqﬁeutlc ﬁenes

s}&%’rfea§hf9u%?u%%r?§r EQ%OFIW tActuditig ubohdpaterial to
| £ tregstot pBBrerpli®p. APC, DCC, NF- |, WI- |, p21,

B:%;%ma lBBgéglbﬁ{] dcrtalag gghg@ h&IZ ¥BES i n Meagegxt @éé M8 ped
deam nase Iucocerebr03|dase HSV t hym di ne

kthd¥e 98("2?13??% K- h%r% 8P ne"1anTaERSS et it WnBﬁe%ressed‘éhm a
asigrowchohdt mpne, tpeokaedntionemyy hf opdirettance be

CM:Ja%h&Q&E@&&Q r QRER ad Mg d supél:éé‘%ratg'eﬁgs hof {MRB: ng

[ eptin an |otensrn i nsulin %quca
St érrhte%aﬂ cPPoNi 6 &EGpr BESi Fdnd "E Rk |R{dg; BRCAL,
| BRGH, eahdntheumiheytekzymﬁﬁ such as d¥todipe| deaBindske,

]'IZGPR@' %Euc@ére@%slgﬁe, 6}&‘5!/ tth?m“ih?e krl%ggécgf‘.r%nan

genes | acking or nutated in specific disorders, such
aSVEDAINE 2k TSI XS LEETRO TRANES / o PHER ﬁ&%ﬁébt‘?%ﬂb%ﬁes
sucilags i angenganegbset i iHoarisniceydnagiptirepimhi thivirorn s -

ayg&ddigthhgeﬁofﬂyﬂe§e@éﬁtfﬁan§k&ﬂ9t§n&£btensin, insulin,
glucagon, somatostatin, calcitonin, vasopressin, and the like;
interleukins and cytokines, such as IL-1, IL-3, IL-12, G-CSF,
GM-CSF, TNF, and the like; replacement genes lacking or
mutated in specific disorders, such as ADA, factor IX, CFTR,
etc; other therapeutic genes such as angiogenesis inhibitors,
cell cycle inhibitors and the like; antisense constructs to
inhibit expression of for instance oncogenes, such as ras,
myc, jun, bcl, abl, and the like; as well as antigens for
vaccines such as viral antigens, for instance derived from a
picornavirus, coronavirus, togavirus, flavivirus, rhabdovirus,
paramyxovirus, orthomyxovirus, poxvirus, hepadnavirus,

reovirus, retrovirus, herpesvirus, and the like, for instance



i nhi bit expression of for instance oncogenes, such as
ras, nyc, jun, bcl, abl, and the Iike; as well as

w@niosgesse f or vacci nes such as viral antigens, PEDEP2005/050739
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i nstance derived froma picornavirus, coronavirus,
togavirus, flavivirus, rhabdovirus, paranmyxovirus,

ort honyxovi rus, poxvirus, hepatnavirus, reovirus,
retrovirus, herpesvirus, and the |like, for

i netareerbf ecableciahitégaphy faram defisuériim (Wathuenzptential
(aulhgea& POt e1Hd taln cantih dems, S0 kal DSﬁ@J&QtHé\ ang o NA)

otentlal antl itis .
W Antrridst herati PR 1D irace tiesdT diess Yede
hérpes sehpéex SARSESOY, amekpds ﬁeasl@s Vlml L a@ox,2,

PRdd Qestll ¥md W t:2NHLIE8S B (witklY andlg@%rsl yed. aaes-1
env, f or nodifications thereof includi ng codon
2

ot ’lﬁeiieaagm%t}vdné’efs e®% FH RSN WHG2P 208t ding
Ehalan, obhibirg] vieassanvi riess for bastardeaWoaf?f2pisy) .,

fainoal, ﬁQLbWS’LaQ§5a§iI'ﬁ§ (drnglal:'géf‘ﬂalt YR AFEOROMERingal
t'apewor ms, roundworns, hel mi nths, nalaria, etc)

ANTIGERS; BAEFTHE (kRO E 8% 1y YRR s o PRRTITE i n
timrgivorng | [ halhdosest heayenie, obtent rEstenshaénd sche like.

Usefdih yi ntﬂeré_%\éhS@Q§gléch%r ARGUL L £ SANLLI BHool® dHe LBne of
gene tRer apy /or In vaccination, and is not

cHHﬁrﬁ’éB t a*“'t h‘é Megfuabby &P Pnf’ﬁs%ﬁ%‘jo topEapet i setting,
dentitohinr gghonsherapyt edigransgeaecorat ipnef endbis not

pc[cﬁ%.%tedi Po rﬁféom}isgaggoyé. r eilt \J/_gcgpgos cqieg%dtﬁ%t control
expression of the transgene, for instance including a

preherEr f%ﬁdthf ﬁ&lai?ﬁa%ﬂ‘?/laa‘i‘? BrelrLialy PrRESRt at® al |
aspeobsnaet | vikrOwrettot haaipedsen skpidsasdohnot htehear t,

%n@%@genofozf Y *SIEQEcQ 16l RO L Q\dﬁ)ﬁﬁr(oecersgxgr

control regions are di scussed n ?/Jeﬁ 49-
PP 1YSGRBY G BV iSr @8BS - UBRAFS A*EhRL hras®entsi W oKD to
aite persbersidilgedssadithe ddte exandss noky suathd0 e

Q§¥J5%rated here. Several control regions are discussed in WO
98/22588, p. 49-55.
Some adenoviruses used in the present invention are further

discussed in the examples.

Lysing host cells

After infection of an adenovirus, the virus replicates inside
the cell and is thereby amplified. Adenovirus infection
results finally in the lysis of the cells being infected. The
lytic characteristics of adenovirus therefore permits two
different modes of virus production. The first mode is
harvesting virus prior to cell lysis, employing external

factors to lyse the cells. The second mode is harvesting virus



After infection of an adenovirus, the virus replicates
inside the cell and is thereby anplified. Adenovirus

wo pdoso8isec results finally in the lysis of thePCEEP®05/050739
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being infected. The lytic characteristics of

adenovirus therefore permts two different nodes of

virus production. The first nmbde is harvesting virus

prior to cell lysis, enploying external factors to

| ypae nriag ape| $EterTHe@lneebhdcampdeteschbl Viestisngy the produced
Vi L MSS qeeenét@ntusafpaeéné as s, bs@pn@é&tﬁbqabl thdy Ha¥vB¥ting

t he oduced v r S
oL B G e R e TRVES TP AE: it dRenBURT (e btk Rust | Sgiegnal
ofactﬂw)hogbr celd slaltyeanmedd erlvalbef attobatiokotitdre are

| Péc{tﬁrre'aDQE’ ol 8NWI8L LBAUDAL | QRph LEEScA € 1584Y) T &h Ih@nce
order to_achieve conplete cell |lysis, and hence_ hi

VR A61 91 PTG t RRT RSO Phe tT a%ﬁféiua%pFH”of"gft h8e
hHos{t celll comterntss innt otlidienarBdinumaneye Betdénenpanttal the

tﬂuééb%llt?t Q%'}ﬂeﬁn@fy{ﬁé bfaihhge obtalledguhLdses. ;s
Hence preferred to ecr%lcapﬁexter nal factors to

a%’f‘?f\?élr?dl ?%ee“fpr?é’ycéf‘F%maalc § tO A VFAVehtirihe
MstNads athatdioan thethsethfeortiaeti ve cell |lysis are

known .onbB& REISRLSKLI b &8y idd L QStPJé ace%'id g@i’@ 41 xnown

i nstance been di scussed in WO 98/
Useftie RefpousSkid1edi &» r%%epé"(,rtt' a?’édfltﬁ"eefﬁl“rpil%s“l“‘rcé’e?@en
-diidvamwsesolnh WG SaR 258y pas t aBi-G5andéa@fulnypehods Cin this

lﬁlecgp%'ctl lagé“ Foé%%?n?léonf%zle(lgha\bl %l&@%ﬁggﬁ hypertonic

extrusi on, deter si's, conbinations of the above,
ilog tol*fehP’PR"eomlcn éﬁésen"’ojcfﬁilﬁ’eﬁf’e%f t R LSRG ERR o‘hlght he
Qﬁidﬁu&téeekglﬁ&dlolm& dgtatgdreadlysone dettamgenbns Use thk a

%eﬁo‘?fegegkdfﬁ(e 1¥§<‘ s bas, J$%m%‘3)§§ﬂ&%9%)4 *E% &Lvér&l%%, the

easy d, and that it 1s easil g scal ab
a(’r?dtlﬁeﬁr%n%%?ﬁq’rélﬁtmgt #e 1&a9ts°afe ?S/%‘%i?“ﬁy Eﬁ%a‘?f dsi ng
hidtle@weht besr ulyisiaf hhs ritd eRvastede ahadeser i beth idasWO

(%yé%%é47gnd[§ﬂ§¥'QQng§ easily scalable. In another embodiment,
the cells are lysed by shear using hollow fiber

ultrafiltration, such as described in WO 03/084479.

Detergents _

Detergents that can be used according to the present
invention, and the way they are employed, are generally known
to the person skilled in the art. Several examples are for
instance discussed in WO 98/22588, p. 29-33.

Detergents, as used herein, can include anionic, cationic,
zwitterionic, and nonionic detergents. Exemplary detergents
include but are not limited to taurocholate, deoxycholate,

taurodeoxycholate, cetylpyridium, benzalkonium chloride,
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Detergents that can be used according to the present
i nvention, and the way they are enpl oyed, are

w@enwsnsdssey known to the person skilled in the BET/EP2005/050739

Several exanples are for instance discussed in WO
98/ 22588, p . 29- 33. Detergents, as used herein, can
i ncl ude anionic, cationic, zw&terionic, and nonionic
det er gent s. Exerrpl ary detergents i nclude but are not
| FFRTTERGEDT t JuirdGe HoARSe, (3de bR yetrl aatidopropyl)

t@weeagexmm%ggé N%_E&{Yir@gdldf'oklm:e bmelttsomxmicm, Big

| Qride, ZWT ®
[% ﬁﬁ?ﬂ FUIpropves « dTﬂe’i%lXal#’%m olr]ltorg pr101|t§1ahe%][ﬁEf53
oivetvd ~RBy Br@twesopAirdnpehde, EBUGORHARE 6 932 oRWEHY - 0CHAMEEN-80°
T(dAL@&OXHEnl@OQ(LBLhledJl%G xTheéa_lt‘b(,ritP @25&:1;@5&#" syl
ucog%r anosi de, ] - FGS%% tE\/\EEN - (]ﬁl Yod
%IhecﬁEﬁr) tBllﬁcﬁeﬁ’? %G)the RRRITRY Fiyted in
Ne AG@r}tlatBrurJe cob8émirationt yk gheicxgiedgenantyt e varied,
lddt.inktakde Gli@AL AL Ond rkear%%r Senaskid ledlBst {18t 1n

that the concentration of the detergent may be vari ed,
S P8t SREMTAP N R h T ETGE b 1%Weﬁt1% theylysis
(sw/wriohnater tc@inkeptbodiarepifs abbet diet ewgent Irs gomesphlot

'évl\(//pta@_%m!ab@é Sofs%tét k00 Rl R, CQagent ratien ofs ARy i‘z/ﬁess

In sonme pilot exp eriments of the inventors,

d’fl SFPPF oﬁOt‘eEIlﬂ“PeBh??] f’r‘e‘é,es OFPEE Rt TARES oheS kStar T§8ﬁ% 20,
atweenh dei edgedicdotest ed I(nTweene@odihweenoBOthe present

deRXKENh at)e wekB OO GftRQd TBRE; Of, thgopr esent

i nvention, the detergent used is Triton X- 100.
Nucl ease The present i nvent| on enpl oys nucl ease to
remdeeseont am nating, i.e. nostly host cell, nucleic

3led5 o FXSMRIALY « DHE| §;sSHh£f‘£’$see +Qf rgﬁé‘vé n the

present i nvention include Benzonase (r), Pul mozyne
(PP L2BER AN Dt Ref - DR%%‘elYaﬁ&FBrC%sé‘“&&ﬁﬁﬁn?‘ixldtfse&"emplary
WwivicheBge $ hevidablel foprefeihedhenpodiament svedtidme include

'B%%%BL&Q BUFmMe@asﬁe: &ﬁ%‘%ﬁ@@aﬁﬁ%éé )and/%‘@ &b se

rapi d y rolyzes nuc C acl drol yzi ng
|CﬁP@Pﬂ \4 ?ﬂﬁﬂSUﬁGHF%%tEﬂe BSircsIn preferred embodiments of the

invention, the nuclease is Benzonase®, which rapidly hydrolyzes
nucleic acids by hydrolyzing internal phosphodiester bonds
between specific nucleotides, thereby reducing the viscosity
of the cell lysate. Benzonase® can be commercially obtained
from Merck KGaA (code W214950).

The concentration in which the nuclease is employed is
preferably within the range of 1-100 units/ml.

According to the invention, the nuclease is employed
before the cells are lysed. It may be added just seconds prior
to (or virtually concomitant with) the lysis step, but

preferably the nuclease is added to the culture at least one



bet ween specific nucl eotides, thereby reducing the
viscosity of the cell lysate . Benzonase (r) can be

weoomsmsss@l | y obt ai ned from Merck KGaA (code VRAHBBD)S/050739
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The concentration in which the nucl ease is enployed is
preferably within the range of 1- 100 units/m .

According to the invention, the nucl ease is enpl oyed
before the cells are lysed. It nay be added j ust

seewwts Defesr the (lorsivi preml | Shecorébnfedmrenih) thwe added
| ¥S& BesdcCRan bthePraf %@bbhé&l%&%l gassedss rRdgedat Pre, e.g.

the cu e at Ieas one nute before the lysis
TREC 1100 Er LT o TH CROC W ROBF EAEE % o | Enehe pipen

[ ﬂlembtat-”féd Cabgvequﬁo@éw) t eopertatrere, temgr raguggndadd i,
Oéoeé) toqelgmalt:u(t% "i taggpgaa(sig)e (Nﬁegelxbe_ltd’\’eg%ﬂeggpuionger

350C to about , or at room_.tenperature (around
b%)‘iijbadiwlnoﬁkrf‘es( ST TEABLR 0UC) OVRh et BRI UGB nET fchieve
Iemge;rameneubalt Ofselel Eeﬁzaﬁ&dﬁéﬁzub&ﬁ\dré:lhefﬂV\ﬁ{GaA code W

ture to achi.eve.the sa e, Benzonas
J;P%Iogch%‘r e” MBT'EK lﬁéaﬁ\n%oedxe “‘rﬁf gé %sat 3°hon for
I imitdneg bRappt o rmede at neledt |36nceaﬁ01f oﬁquuﬁstlﬁnfe@ltttésr
p@f{é}r rmdcat tﬂ@%gll%7§ref pyseabou)bvlgumﬁutte@, ndéi&dse can

e ce ar.e Covi.ou he ny cl ease
r‘:’ &fF 5 Jr k] s§¥‘§ﬁl S ye% c;a é‘cnﬁcfe Gd Fheer
a%lil%l lafstier Stﬁ@r Iéysi snspeptaﬂanémibnderew%ﬁ r@c‘@nbéelmm ghe

aiegéyeditngnt,@mt_m RH@S @ Abutb Wit b@ntwe;él_&%umt—_ﬁ on of
endo clSa tahftend ngCLeJ?sse r%lto%r gyfc'lrs b2 o Qr QBO eq:ﬁ
FOTIABSTIE8D i Hift edS(F eSUIRING PR YotRC i Rt BFEYTRE
ntededsangr dat aeavitadf tabewrt 1th|¢oma<,:lg¢&eh¢ughtmﬁm€ afi gout
mMyhRif, egl tW@hoh R 1St khihe |Iﬂﬂ9%rflfe5€§@ét§ﬁ Hel sk$11 longer,

nt|C|patdthat .t he nucl e unctlo al
3?1% ?s 1 eHpVEP iaﬁe(gu%sathﬁe r‘?éﬁ 5’tl|l§)n Jtepg’)e

: fﬁlfmtswpsl comsi lddrtabby reteradeint halnsqwrrtvepmtgmatlon
| Scdat i on; 4 Js&l&sl%ddwam UWlo22888cndX GRUESErni pRIgEr
| pedbati on. o sUG A3 197 wd /398862 HPULSQL, OYSILINt
incubation, such as for instance 2 hours or overnight or

® brochure Merck KGalA code W

longer incubation (in Benzonase
214950, data for up to 30 hours incubation are provided) is
also possible according to the methods of the present
invention, but is not required to obtain acceptable results.
It will be clear that the ‘lysis step’ (i.e. subjecting the
cells containing the virus produced therein to lysis) as used
in these embodiments, is meant to be a lysis step employing
external factors (see under ‘lysing host cells’ above), such
as a detergent. Obviously, during the culturing of the cells

wherein the adenovirus is propagated, some cells may already

lyse because of the wvirus in absence of any external lysis



| onger incubation (in Benzonase brochure Merck K&GA
code W 214950, data for up to 30 hours incubation are

w@e@siogiss) i s al so possi bl e according to the nethBR®08650739
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the present invention, but is not required to obtain
acceptable results. It will be clear that the LIysis
step' (i.e. subjecting the cel¢s containing the virus
produced therein to lysis) as used in these
efbothinrentisnce s ireanefeored enbogdngnsy eFushplyyihgin the
eﬁa&é&@l oﬁ:‘aéiQéﬁla(lsQﬁcHBﬂ@rhelsy%chGrP@@tlrpQlelsg £ROER),

ent Qovi ousl in t he cultqflngt 11

a, det er
?rﬁc?eraggP’ $%herarn “Phe “éooreeng\f%Fﬁ L&?sy propafated?
sorree gelelfsrally dlasesadyiah y2Es pfcabsehott tded 1gj rwisen muclease

apsencenef i anye £xder nal e ! y1§ée9ffei}%9{z SnudIRRGE, ikNadded when
preferred enbodi nents such I n t({h"% %IS% nce of
a 0

Rt e o BETo HALTOEthrTodh nopELs 0g0%, 80%,
prefrercablglless than 40% nore preferably | ess than

30% shichbugRr&dreherably (L3s.bhan ?Qnélt%d& h@ni‘@%tre
cells, when nucl ease treatnent i s started,

p‘?“éfeé‘rdﬁﬁltyoﬁu]cﬁ{%é“sé’f sha Rt wRéASthe 8 Iagsﬁ%‘%/ee of
véadrdnatly feftats lceasbe 5894d .6 PHocEO9%e s 8@4plréspect i vel y

@Jr&%ﬂggugotlﬂl%f ﬁg(rgdbée?he%eéggy&ld v\ﬂ‘l%trgggstﬂglégse of

are dependent on |lysis of the host
e st Lexderrairapadt éﬁ*e? Y3n pBEe‘ﬁl"se(H 48I5|' 85%%3 dipwever,
| vainding tepond aresdst 1ngingolravet bedll desoendeikial also

wWher&ic "sggté’ése t;%f 2BANZQOASE J Gulh 3EMAGEHESEEINS of the

patent 6 However, according to the present
| FHEEGr 51 RASEeBEPhENBISTCItEE BPSh ‘fer%]§ut'ﬁe§‘§/’s‘l éfpg virus
t s addpagetedseidar hage tdeviladtiéi t gt efjes: dkabhe5%, more

%‘Jééérr%blb £e 1%ra%fte‘.’1§£’| ysé’ﬁ‘inmwé QP&Eer%%'lP ameera%ltn20%

virus'is pagated still have a viability of
Ifs‘asec E%th?%s ﬁlhéflePaH ygoa"t' B8&sPf 18% C?tlfLFIa’fﬁ)rlé’sed
pfeesfp@rcabwl@t lmast 20fbhdipadednheat | @i Whan Hhhov@0¥Une

c%fsst DS &&%} :Lscyag% I:Q{éecﬁ?talgéﬁeglf'%ﬁlv%)en tllxls i&rctep would
ant|C|pated his wl rove
be employed. It 1s therefore another aspect of the invention

to provide a method for the purification of a virus that is
capable of lysing host cells from host cells, said method
comprising the steps of: a) culturing host cells comprising a
virus capable of lysing said host cells, b) harvesting virus
following their release into culture fluid without lysis of
the host cells by an external factor, characterized in that a
nuclease is added to the culture before 95% of the host cells
has been lysed. In certain embodiments, the nuclease is added
to the culture before 90%, preferably 80% of the host cells
has been lysed. The finding of the optimal moment (i.e.

corresponding to the optimal percentage of cells that has been
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process in quality of the obtained virus when this
step woul d be enployed. It is therefore another aspect

w®booshgsssmventi on to provide a nmethod for the PCT/EP2005/050739

purification of a virus that is capable of |ysing host
cells fromhost cells, said nmethod conprising the

steps of: a) culturing host cells conprising a virus
capabl e of lysing said host cells, b) harvesting virus
flgbeai g addeiche reddessei mhotlede wseeft i of wihehdatrention

Ly$h Sa&fedd@nhest £&1dns BY AfcfedRr raaheaaé“ﬁ@rthe decrease
characterized in that_ a_, nucl ease is added t

¢hl PRFE et 6rE1E58Y it hE RUSteTa FETHAS ‘décé\??alt&g%d and
kan cle¢ tepi ranb oty nentrsl, bivheheusd rease sk$l bettlaich tbetdmet, now

‘EHU&'&?‘arh%fg%r 89006 HRLehAPLY RLMAttHS &%Skuﬁ‘ébié per

has been ed. The finding of the optiml nonment

€F. Ras d‘bﬁ"%"eéﬂéﬁﬂ?ﬁ“gdtbd the Bb‘ff’ﬁf’&l 16%?’6%?&3&9@18?%%1 |the
bhasihas lyeenkysechrdimgadd ties raspleeasef i thd Hesention can

Bap Sﬁéneq_f &ngié‘d %1%%%'&19%%”%8%{4}% aIOYAL - sea

nuc ease a ecrease 1 n speC| I C act|V|ty

Berehe rrdreasef Hiriatd ornetdatisiratads R be
enpl rircaddnpcfionad gatednteappl soiriski Wbed3 /e 17sg aescribes

%F‘(ehli‘aec AV ABEA QEort B& ?PQJ[JJ %gie%v{‘ﬁ?é %%%%J:Qeé & om
t ose

ure per se beeh di S¢ present
Fﬁ%nhtﬁastes@ E%‘Fﬂ"j/ls%“ﬁet‘c'iﬁt%‘?‘ﬁédq“ygét% Saedue&ltdf’ﬁg to
bheelmmmabnoﬁgém tahpeBtipht 5N ibeuk ity va .panchowsh it

%9%/ teQQ HELhPgS, l?aﬁ:d 3L89§e9§eh$tsefsu§§eéijo@e;re%h'ireé Ué?rhan

ration and romat ogr ap nt ernati onal patent
ébbF i BhoSh IR0 O 0 FPPY 72 desRE iBed APERF MHtA9Pe Ofretifbds
pesc@diidd Misngsadefvirobaspagdd Clree heoiod eldcokisag esy the

d
Sgg%éﬁé'l%gzem?oé di ] él‘i’lﬁl% &é%ﬁ%ﬁ“ ?]c?ciﬁﬁg‘ bl Lé&ié’a&e

precipitate’i
Bfiped Hepés| ﬁe’tha]tYS&Smu’@f‘é‘é"seg"sittéﬁlb’sb%d%oﬂbéaaﬁr‘é’oth the
et {dmto fmat herkdts viéd @dpr Stiigdi tatSbePagdnta alfater 1 gdiage

Phe 1A, %%999“% : Sfeﬂuéf’éasfe‘)%‘é%&@?éé lar & Gkt pod

accor esent rnvention, inclu % the step
Bfo%&ﬁﬁlﬁjsapﬁﬁg?gﬁﬁgeln WO 03/097797) potentlal

superfluous.

International patent application WO 02/070673 employs a
continuous centrifugation method for isolation of virus from
host cells: the cell culture is subjected to continuous
centrifugation under conditions effective to concentrate the
cells‘into a pellet, and the pelleted cells are ejected from
the centrifuge into a collection receptacle under conditions
effective to lyse the cells and thereby obtain a lysate.
Clearly, lysing the cells according to that method is also
within the scope of ‘lysing the host cells’ according to the

present invention, and hence it is anticipated that also such



prior to host cell lysis, mght suitably be conbined
wth the addition of a selectively precipitation agent

w@bdosnsdsyei s, thereby making a step of nucl easECT/EP2005/050739
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addition later in the process (as preferred in WO
03/097797) potentially superfluous . International

patent application WO 02/070 é¥3 enpl oys a conti nuous
centrifugation nmethod for isolation of virus from host
celnethadhgheel ¢ kapefatef fam hilsj eseadnt cirventiauous. -

cead #dfoagati aﬁcwa:gﬁ teoaﬁiét&émslclaﬁwﬁém&otﬁe suxlajlectlgg it
concentrate.the ce a pelle and t e|llete
ce? 1'$' e gjl BETEY T %r%l?'ﬁ%atc’eoﬁlt M FE%% |r1°n tgug improved
cot et irenui eoeptiac lewegndercleded apn@nfsorwaﬁreeatvcen tigm the

| yosathanaehdscanc ther eby, 0baiRi8q | psber. O early,

lysing the cells accordl ng to that nethod is also
within the scope of 'lysing the host cells' according
telategigresent i nvention, and hence it is anticipated

tﬂ@tpx%lf%‘?réa CQ@oJ@H&ﬁgs SJS‘P q:'l-@ Qﬁ@@ﬂﬁorf r Q‘i{‘et H@stprc?eiqnt
i nvention, I, dition of nuclease to the cel

cty e CBEPB%%l%B']héchLﬁﬁs i}s tcc}af’ﬁﬁl%“bntqlﬁﬁbﬁécatl°n may be
cegrte idyugat i birrarsifonodt ep herenfors npnpe DV ekbygshaad other

FesilLilkRgs| Ns b OVRH el 816 aklyd e AN NAL|,9Dsd nfltlhc%rs,
| ysate and hence in the final "purified product.

arSICECPORY | TP rErr Eﬂb%‘fﬂjo&rellréﬁf‘és%ffltbr‘?é Si ﬁ?/‘@‘?ft’}eﬁ'n"”th
tireodyast cceiltdy sdde conpr iciangmbbeows raasths perlite, fumed

claridi)edce d @ddd G2k LORs r@(nb%egowﬁubym%rggm 1188y aids
ste rempvi ng cell debris and other inpurities,

N4 SBEECEF TSI Srag T uR 1Y i FEPLBPEHPHsE TP er 374 Polymeric
r egieresat egdageldsulioseude berts areehbdbul Dise teidbes snylon,

%@&%Qy%w '&QQQ@HéPsJiéotn%ﬁ @bd§cr(f‘ev% e@ké&%c%%éval

arth, perlite, ['1ca) , cellulose lters
c"’tﬂﬁ’o@ﬁ@ﬁp’v\fr‘]ﬂﬁ |rﬁ‘6r|°§ﬁﬁf%sf i1 SFPEF S a‘ﬂw&‘“&?‘@%ﬁ? ctage
residess 08 piyfoablenabt aot kegedted arch pakypBit€ two or

fﬂllrte%r §t£§é%&%sl lellijcgjecol?llégs@r gf né?tccll.llr@et ﬁglé&(s) to
remove large precipitate and cell debris followed by polishing
second stage filter(s) with nominal pore sizes greater than
0.2 micron but less than 1 micron. The optimal combination may
be a function of the precipitate size distribution as well as
other wvariables. In addition, single stage operations
employing a relatively tight filter or centrifugation may also
be used for clarification. More generally, any clarification
approach including dead-end filtration, microfiltration,
centrifugation, or body feed of filter aids (e.g. diatomaceous
earth) in combination with dead-end or depth filtration, which
provides a filtrate of suitable clarity to not foul the

membrane and/or resins in the subsequent steps, will be



pol ypropyl ene, polyethersulf one) to achieve effective
renoval and acceptabl e recoveries. In general, a

worosiogises st age process is preferabl e but not PenBEPI008050739
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An exemplary two or three - stage process would

consi st of a course filter (s) to renove | arge
precipitate and cell debris fe&llowed by polishing

second stage filter (s) with nom nal pore sizes
grecardabilRake (U2 HcEbR dlarifdsstipmrstericér e Pivsent
opft\}gm;llogonbi nation may be a functi on of the

preci pltate si.ze distribution

var i abi"e87° | ARG E 6n, %‘?%Ifel%f%leo ﬁgFaF ?%]ﬁ’éane

efpl tnpithgnais elsd v@bymﬂcg:rﬁtllfm everladrle embdbfugatsedml in

NBY; £1r88aP8 MSEEFOLnSE M dd infedlh BRea MY ﬁog@@%@H% p. 20-
any clarification apP’r oach includjing dead -en

111 MEPSATSHi D5 CPPt PRt e m&@n??lcf‘ﬁ‘@’é’ts 8n°foﬁilﬁ(f’(‘?(fﬁnt

freecbriflbi | hey dhifder( éngporn atioracendisiagabthhsed in
cosmyiRat i 9s Wi dead Bén&ﬂer@%ﬂ‘yfdﬂtta %hof‘roﬁ{‘@e‘%@ral

provides a filtrate of suitable clarity to not foul
t Y&’ br ane and/or resins in the subsequent steps,
wit |halseaceepiablfidund bgethean prkeent atnvfdntatsorhat eerakhin

t:ﬁ@nb@aﬁé@”&né?ﬂ%h@ﬁ) glxﬂe NS LTRPULIERN s FRPLRe process of

filtration an nmbrane filtration i s used.

Cofer¥PaF g aRHoV AR _I ﬁ?‘tfdh dreroged Hard fiArsieegargared
are dtberi netiare smeate omnednglle WD. 03/ 097797, p . 20-

21]1: INERRL A0ES-d QaFrgﬁgrp&i %@d%&np%ﬁ‘%ﬁg%%@&on to use

different materi a fer in_pore size, and _my
fe SRERANPRI 0 Nafi B‘ﬁsandl'r?e)?SCHﬂ ‘E)’el%ﬁl're?ﬁ?ﬁﬂ”ﬁ}’ly
ohtraiopedef2 ofm I1xevel aFovetidorisicatiohas now been found
by the present inventors that certain nenbranes

unexp ectedl%Hglve superior results in the process of

t e add dAER DHP P/ FHETEAF FYEIAfch | nproved cl arification
conpeiedi b cenidasmeres s ANGE: (8eenexanplteedyirtd duSpension

LEIGEOL Eed LT 8k EEE; ATQdIAPRAL 2 £f1 N8 s LAVED I L Bnce
lﬁirlng the process, e.g. for concentrating the virus and/or
buffer exchange, and/or for concentration and diafiltration of
the clarified harvest. The process used to concentrate the
virus according to the method of the present invention can
include any filtration process (e.g., ultrafiltration (UF))
where the concentration of virus is increased by forcing
diluent to be passed through a filter in such a manner that
the diluent is removed from the virus preparation whereas the
virus is unable to pass through the filter and thereby
remains, in concentrated form, in the virus preparation. UF is
described in detail in, e.g., Microfiltration and

Ultrafiltration: Principles and Applications, L. Zeman and A.



a conbination of 0.8 mmand 0.45 nmfilters,
preferably Sartopore - 2 filters, for clarification.

wakdosmgdise at | on/dl afiltration I n certain enmbodPCERPETH50739
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the invention, the virus suspension is subjected to
ultraf iltration/diafiltration at |east once during

the process, e.g. for concenteating the virus and/or
buf f er exchange, and/or for concentration and di af

i Pydrmy dMapfel Meldeari fhed Maw&ork, The pridééss? useaferred
t ©i CONGARLI BEScd e 1W THEgACCdiFgyt Bi theatTehhearsd) as

the sent i nvent i on can i ncl ud filtration
SRPuE o ;S vr SFTLTRE GRTCLRTI VLTS e
cbﬂmntarcatlit@ﬂabfh\ﬂceas Fsltiregrieasdtdbioduer’"cpng Ui 11kt

t oedier passadsidvmugha, fibé@/s»d)n gHEN & JIRRAGT utd@tin the
the diluent is renpoved fromthe virus, preparation

\A)P]Je‘?%%?fetsﬁén‘%l’r’lfgls%yuﬁ%’él%e]tlohﬁéggs'f %u&ﬁafhgl‘far’ilt"é‘r and
anchddrgrebyon emmirredubns condentingt etrdsrsm Tha shecem is

Vi S, REERAr &k an.q1WE i hst d&’"‘b@e‘séegtfé‘ar{{’sﬂ bk EBeq esog_urtlon,
Mcrof iltration and Utrafiltration: Principles and

Ab‘tﬁ iRSATFahS, 219 theenRheRIRFA .Dzyﬁﬂ@y“‘-’( 198 ABPL BT,
I m;edﬁewwbrcka,fﬂﬂ‘fentgﬁaz)e sikepr ahervedidfad.t rat dron

PLAGRESehS J@n&@tdrélseﬁk Oﬂﬁdt%ﬁt RO v EREA e 8Bs the
described in, PORE cat al ogue entitled

"@f%*‘r?&cea{lﬁic%ﬁ“ %Fot‘é%g 81 et Peh @é‘f]aqlézﬁltjémn p?)tepf77f
-dix edBedbor thidVesdadhveet t $helP9bt H6)lar TEErasiltration

%Q@r)éngsgglé&et&%lghﬁﬂg@&%S%OQQ g.‘[]géj%urf)flt:géngﬂ Ismall to

harvesting, clarification, concentration of
proOdct ZiFNE| RIS ng=grr ﬁ%%‘égh 'Fﬁ’e%%‘f"e‘rﬁﬁlé’ CoRpbsEP B ties-
theeeddngt omcthepmaoesscuifeaanmd haebfaed typbutfon, the

IO é&%@u@%r&ﬂ%ﬂ Ghe0L & £ @%Bﬁ@d&‘é’oﬁ% QRRM;F%&%@ 100

ters wmth different pore sizes nay be used
eﬁﬁfo&oﬁﬁnFD%fmatYhé?epﬁﬁgé?ﬁrlrar?\?enf?’én“ﬁfénf:@t ’éﬁ‘f‘%‘faé“%s Wlth
td3me pmaduet50@rxbac amwbe Tiseheinbl-afielr ddrgfosptit bfi i et ibeR but

S*sel%%t' F%Q%-?éc{ &%, EQLehdd & Madh fPiMe, LS 0ALL)SMlAhe,
pof}%u&fogg}lgl derivatives thereof. The membranes can be flat

sheets or hollow fibers. UF is generally referred to
filtration using filters with a pore size of smaller than 0.1
pm. Products are generally retained, while volume is reduced
through permeation. The two most widely used geometries for
TFF in the biopharmaceutical industry are plate & frame and
hollow fiber modules. Hollow fiber units for ultrafiltration
and microfiltration were developed by Amicon and Ramicon in
the early 1970s (Cheryan, M. Ultrafiltration Handbook), even
though now there are multiple vendors including Spectrum and
A/G Technology. The hollow fiber modules consist of an array

of self-supporting fibers with a dense skin layer that give
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menbrane selected will have a pore size sufficiently
small to retain virus but |arge enough to effectively

wa@bmansisspuriti es. Dependi ng on the manuf act ur BCT/BPZHO5/050739

menbrane type, for adenovirus nom nal nol ecul ar wei ght
cutoffs (NWAC) between 100 and 1000 kDa may be
appropriate, for instance nendranes with 300 kDa or

500 kDa NMAC. The nenbrane conposition may be, but is
ngte Imembrates oity egenes e vddlyl uF ey, diameters range from

Pl sy @nher sukd one, aaolaus&ﬁé Qihfe,thﬁovdeﬂ;]likl)élﬁ‘H in‘éf&ﬁ%ééTQrsle&e
anes e t snee 0 OW 11 De 5
CHIRETAETY RErAPRR 5T 1A BRRIRG SFPPY el il Pe)
atqoo'reeysitzeg@fmegﬁmrlaheratetﬁem @al Bfnn’)Prbderctrsy dieear and
aehenal l3¥al[§-tl§];$ Inqc;i1 cWwbil & \H}Ielf@réé I G RAnE T QUGN ding to

per neat i on, two npst wi dely used eomet ries for

THe lﬁvteﬂ‘él%’i"oﬁ}?&llﬁﬁcgtﬁ‘?%%lar nHﬁ%‘f r’@f’ aréFpl fesg are
freametaddthodivewlkesbeshemdulngs a bt taow fikbér units for

%ﬁgtqf Illevmémo%@dum@r 8fd At abh ol el deyel &&%@nby
con and Ramicon in the early 1970s (Cheryan

FPREEPEEr at? d%?rﬁéﬁab%‘mdl"?\%ﬁ t POLAY ﬁdeﬁe‘ffe OaPé Hm
mHdet iuskd zermictisigi nel vk nighvSpecdbnum and A/ G

Txﬁ%'}'l‘i'tQQL’mJ hg ol Low,{#her apdulgs, Ql%%gshﬁiaﬂﬁters is
array of self - supporting fibers Wth ense skin

|3y et hat2yi {8t ﬁ@mﬂﬁ%radﬁje§xicf‘§n%%r% SPEEFT VFHgpTS, non-
Fidveoudi ankters sapgeatiomd. Sram £rdn moundnspahiant age

Qfenl&Qz hox\ésfxﬁé?efm@i’_d% eBou %Jl@%uﬁé(@'»l-@i%'ﬂt' tY¥r OIa;I id L8ESge
fromsmall nenbrane areas (c n7)" to very | arge

fEnBrane aRYLE é’&‘ae“‘%r‘?ff')e“élsl oW‘ﬁ’@oslcilh‘é?&F and rsﬁ“\’?rffle@ most
sfflieientpy dyn agidh hai $o Ppregftetpethe ndxdaitient seaecor di ng

t\ﬂt‘i:g%liggﬂgg 'acEn pQLé %Jalbggstﬁé QJEUS.CQQef o’fh 4: washes

These are reported gl ve | ess shear and a better _
VHeErsparie sl féPi“‘nFB%t FOUETR] £ (¥/PFINIEaPEt YO WM an PRFAfYing
Stiec entAEMT ariess . | Dhe grdeien tebosh tipmt 8¢iho0tdéO0wW DF step

féob%&éhQEgQ a4 %mf@éf-‘ é‘éec%ea%%{’é fl&lo‘} thegdnugntion.
Iltration (DF), fer exchange, using ultraf
Iqhg@pgt?%raphy or o her purlflcatlon steps. According to one

embodiment of the invention DF by TFF is performed for buffer
exchange, wherein the addition of buffer equals the removal of
permeate.

UF/DF can be used to concentrate and/or buffer exchange the
virus suspensions according to the present invention in
different stadia of the purification process, e.g. the lysate
and/or further purified virus suspensions such as those that
have undergone chromatography.

In one embodiment according to the invention, the lysate is
concentrated by UF/DF 5-fold, and the resulting concentrated

virus suspension is buffer exchanged with 6 diafiltration



an ideal way for renoval and exchange of salts,
sugars, non aqueous solvents separation of free from

whousdsspeci es, renoval of material of | ow nol BCYER2005/050739
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wei ght, or rapid change of ionic and/or pH

environments. Mcrosolutes are renoved nost

efficiently by adding solvent2¢40 the sol ution being
ultraf iltered at a rate equal to the UF rate. This
weashew sni(eFvs petisebuffom tdmrssingi briM MaCd  coastark
V@éﬂgﬂ%,ntp‘)f)luﬁ(é rt&atfh@tfséfam%t%auslt he pbes&€Mthat this
i nvent i gn uti tep to exchjg&ge t he buffer of

e 8 Fec‘f)?‘f%}trt%lf’ﬂr?h%‘}lf&ﬁﬁ}ﬁéi’o Yy SoF POt Hrt ity of
ptie friescatltdng stieps., Ascoamiy ngdesione emiednsenerofldsite

'&W&'Hg' QHlQFS T%'ée' éxapr%lfé)rZWEdlﬁoz[s b&ﬁer@%o?é@m%erred
wherein the ad |t| on of buffer equals the renpval

pRtaAcHrEent ﬂﬁ?%@wntsetﬁ%éwveateaﬂc@ﬁtr & S?w%l’fbfrled
blffaare @xChaciginddie aghliust sUspensionscateasdhggo teo-2.lem
RERSENE . LNVeRsi QD 1 B QLé] efoeﬁntanétcﬁgf a e %ngmm

purificafion process, e.g ysate and further

PR MPe gy +%%%§§H§F%n§%u’éﬁla§et?ﬂcﬂ?§é tRathhidRAF SO

wsidieriganen ctii@rmttoghaphyotd ntheneneshodidrent asciosrdiofgthe

t@altgw%ahnggn&aq{&edt he lysate is concentrated by UF/ DF
fold, and the resulting concentrated virus

s‘?ﬁsfp’éfﬁsfcaﬁ YsrpufstePerRtHangedURI BRt®? to anion exchange

derefdmat bat a0l itmesy (IDE\Hu fiFle rac RohdrefeC @APhRI 81 A £2xrM

I\&Qpr1§§hggo [ %P'ﬂz%'vb"i‘[‘t oyo‘ir{“g{%eg' le'& lp;rro‘:‘\‘rtlldQng@r]i rL(zﬁ%twalent

found that this high salt concentration

'swmor PEARRIYD i Fr GPESSTRRS IGEary t YhbY ithecrewel iheg by

Vddristan8SvoRiye WidEsit et ot esN8g WeIrmeFsOsF € ideGired
tht'y'ofsf step (see exanple 2). It is therefore a preferred
di rent accor di ng to the invention that the
clarified |l ysate is exchanged agai nst a sol ution
czmmmie&i AgrOffeatidn0 M NaCl, e.g. around 1 M Nad, or

*}%FL éau; p@fe‘%\é'r%ﬁgexﬁ{"oa%%‘éé' SPL O Es8hE eﬂg,te'&uon,
e clear to the person
the virus suspension that has been obtained by the method

according to the present invention, preferably after
clarification of the lysate, is further purified, e.g. by
methods generally known to the person skilled in the art. This
may for instance be achieved by density gradient
centrifugation, as for instance discussed in WO 98/22588, p.
59-61.

Preferably however, further purification employs at least one
chromatography step, as for instance discussed in WO 98/22588,
p. 61-70. Many processes have been described for the further
purification of viruses, wherein chromatography steps are

included in the process. The person skilled in the art will be



skilled in the art that both the anion and the cation
of the salt can be changed. Before the virus

WG ®pessseOn 1S subj ected to ani on exchange PCT/EP2005/050739

10

15

20

25

30

chromat ogr aphy, it may be buffer exchanged with a
buffer conprising 0.4 M NaC, or another salt

provi di ng an equi val ent ionic2strength. In one
enbodi ment, this is acconplished by constant vol une
davdid efathete RrSIcRgsas DR gfant Hervedia egaphffay .of

Fatid 1081 nBUEh £ drteddg@BpACE 0 A thOoo Pt Bl il @e. process of the

e{Tva%Orll' ments of the present invention, the virus
stPensidn that has been obtai ned by the nethod

attdrsdifng {ostareeppesenttle meepuirdfy grdrdépabliyusds @w

Ch aldnioli 6atiON S dhhen! ¥s@shgd ana%mﬁn RuEhfh&d,
b msthods enerally known to th ege{iﬂs &3 kllled|n

fEyPPor ST st akésepE “by density
gItadJSemlseeWssnﬂol@gabl oplas af bydresyanade tdi sedisgedorn

VRL%%/y%aé&ﬁde&ué% 6de de%fz%abhy however, further

purification enploys at | east one CthﬂHtO rag%{ ste%or

ds rfeHFr‘r’*ﬁgt%HFc"*& &Id§8ﬁ§EJe?f‘ iTroROT 9B 2 S, P &F0.
Mt apre césse@si dealy énbeée o ¥@ed7ehede f 6.t he furt her
purification of viruses, wherein chromatography steps

are |ncluded in the process. The person skilled in the
art WEPF DBESRRIE USf PPRESEHrGPesibs s ARGEERRST aTS) Uoheat
ekactt way @iienekephnge cdinrmmatograghy Gtebepsfter the anion

QRLdnEhGE LREomdt R8sy Oftdd)e chBVEME i Ohay bt LSefiUient1y
i nstanée possibl e to purify certain viruses by a

UM nali OFF G fa M BAIERTHan de v ana” %itﬁzﬁneé%]c‘iﬁr?g‘e
oiromatography sskepss SecthdrSppatented to08nl8&asd tthies

aéo%%sQﬁé% bcl@ R BIBLOYs  Audr Q%SXQ%IQ) 2 BRILHMS Q@ arter
purifyi ng adenovirus, see WO 02/
the anion exchange chromatography step. Obviously, other

purification steps may also be suitably combined with an anion
exchange chromatography step.

The use of anion exchange chromatography for adenovirus
purification has been extensively described, and this aspect
is therefore well within the reach of the person skilled in
the art. Many different chromatography matrices have been
employed for purification of adenovirus and are suitable, and
the person skilled in the art can easily find the optimal
anion exchange material for purifying the virus, for instance
guided by the following art.

US patent 5,837,520 (see also Huyghe et al., 1995, Human Gene
Therapy 6: 1403-1416) describes a method of purifying

adenovirus wherein the host cell lysate is treated with a



A reversed - phase adsorption step m ght al so be used,
as for instance described in WO 03/097797, p . 26. For
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| east one ani on exchange chromat ography step. After

t he ani on exchange chromat ogr aphy step, the virus nmay

be sufficiently pure. In certdén enbodi nents however a

si ze excl usi on chromat ography step is further

pev¢braned follengkdyeaphen rotipsngesandfmatad ppoceihinity

ThhsorsdtRgrapiybe prior to or after the ani on exchange
rrato r ph S Qovi ousl ot her rification

R O e e

emmm@gchpbnaff%gmphylsiﬁe}yn “élferasmhﬁnaalm e@fdenovirus.

GMM%&BBQM%@Q%A agdene¥ LA Usmidyeki G@E}h Oﬂuldlzed
has been extensivel ﬁfdes }B and this aspec

t Re? 108 fef P vithi rtlﬁéc"i"te’ai’éh °6f a?%’é""p‘e‘#&oﬁa&'k’rﬂeéd see
i WO t4’5QB73. Many di fferent chromat ography nmatrices

hay& een eﬁHQA&B’cﬁ ‘i’;efdo EnPYk | é;&c%%%b@ nc}?fon@a‘i%@@){bﬁys Ao

are swtabl e, person sKil hé art can

BRI FHH°T%°%C§’1PM8| @t 'Bh fé’%cﬂﬁh‘@'é W&Pﬁ‘al for
peiidnydtieg rapley Viqrupurf 6t catigirapdeadenaleidus pathicles have

f@éérpweggr%éd lLA %spgté@&ht% 95%% 53@ (see al so Huyghe
et al , Human her ap : 1403 - 1416)

d%%cardrddééoﬁ HRetHE o Fxﬁ}iﬁ‘?‘?ﬁ/lcﬁduﬂﬂén&ﬂﬁ%e%ﬁ%‘?‘%‘i% mefgrane
hostoneebbraysatrerddsictseatad asi thoasuctebsed bol Paonviede.qg.

b&(u@yn%'m "s’é‘}'ﬂéé‘gear?c{‘%a%kﬂué Oge Q;f fsRktY¥oina series) are
chr omat ogr ap US pat ent 958 describes the use

oT“Js‘iarbc}ﬁg E‘Pﬁ d’nseei’c?h EH@%e c?ﬁ%ﬁﬁ?o@?%p‘ﬂﬁ?lfro pdvantages in
paxterfavi atis opuof f ilcacanbi seantfcadenevaties WOARBOOT7 &ahange

CEHUTALOIE AP, IS Q%eQu&ml‘ﬂégs%ﬂb fdayidi %E@hltheCEhe

colums for the purification of adenovirus Eartlc es,
SEPRADCHOFBDSTF™ FaPEARr S*FERd e PRS- 2528 Yex%%aﬂ?&@‘
chwreimt. ogr aphy, and

US patent 6,537,793 describes the purification of adenoviral
particles from host cells using ion-exchange chromatography,
in particular teaching a preference for Q Sepharose XL types
of chromatographic support for this purpose. In one embodiment
of the present invention, an adenovirus is further purified

using a Q Sepharose XL column.

As described above, the process may further suitably
employ a size exclusion chromatography step.

International application WO 97/08298 describes the
purification of adenoviruses using certain chromatographic
matrices to prevent damage to the viruses, including anion

exchange and size exclusion steps.
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certain chromat ographic resins for ani on exchange
chromat ography for purification of adenovirus

w@2005/0810566 have been described in US patent 6, BGGERRDE5/050739

In addition to anion exchange col ums, ani on exchange
menbr ane chromat ogr aphy products such as those
produced by Pall (e.g. Mustang{tm series) and Sartor
ius (e.g. Sartobind series) are suitable. For use of
t hese UBi botest md6ilh8?? baibages Merhmdefiovi pwsifying

m&éﬁ&qahg%&&anf Qhehﬂ&ér&ﬂﬁ%u 93,;5917&51%% 16 &aebted to
enp. nment o |ters also [_I%) in the scope

s S BP AT F B KRRATIY CRIBRATD BTy SiC lisads
hdrematotSapiat eitn 8h837; 749 Fxddssiphestdarhe apuredp Gaprgation

octf %@QQVbéﬂl&@st 'fglbﬁslﬁﬁﬂL%tqg§t oﬁeidvf' ml<5§.lagtglar weight is
i on- exchange chr.omat ogr particul ar teaching a

FREEVERC %cr—rd@ngeﬁﬁa?%‘gt@%ewﬁ%gm%fft c RfohRE dreshhtc
supparttiohprabdiits 1puBPBSs rrdfierahey edyndi POAt oOf tieh@olumn

RFSS Gt 15”1/5‘{&4@10% e a&%o\é&(:%sién fahar (prsdd i ed
using a_Q Sepharose XL columm. As descri bed above, the

pgreé’@é%lﬁﬁy‘“ﬂfr e &% LY L8RP FiOYP R IO9F 8PR_Y Y usi on
ctarngieRt Ogr apine feirepd émdetrim@hitonél tiapplniveat i on, \AD

UID3298udeSIJNES oh Nen AU B8LL Ogﬁ‘ré}fax%GeQQ&J&i%%s to the

using certain chromatographic matrices to prevent
dirige e6 the Wivensés ’r%wcﬁ“t’f&f“ﬁ@ BT O eEx BRERG S aRd ion
shxmaene| cistonntohepsh S tpat antl 6, 264q 823 1desat | bes a

el hed £ 9L Y iskxpng adenovirus wherein the adenovir us
preparation I's subjected to anion exchange

chr omat ogr aphy foll owed by size excl usion
otr OBED0YS EP e scheabeBetsd 2@eenE| bisgOEsbaphper gindop

%%% a éOPlﬂfer‘é' ral, ePa-T(]téh%J ?%df EQI%JTFE% et £65e Ainsl QWion

| ecular wel g I'S achni eve Accord Ing to Certaln
%BGP%rﬂléO%’fS)t RET pR &R Ay éREP o P urabdte t 49 - 50,
proafiewaby yadhoitthg268% 0f dederébkdiMfor such charged filters

compared to anion exchange columns: (i) faster flow rates,

(ii) higher binding capacity, (iii) higher virus recovery,

(iv) no packing or cleaning validation required for clinical
use, and (v) no lifetime issues or storage issues when
disposable filter cartridges are used. As described above, the
use of such anion exchange filters is an embodiment of the
present invention, and is an embodiment considered included
within the scope of ‘anion exchange chromatography’ in the
present invention. However, in addition to being an equivalent
for column chromatography, the present inventors have
surprisingly found an advantage for purifying adenovirus
serotype 35 (Ad35) using an anion exchange filter, over the

use of an anion exchange column: certain adenovirus proteins
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volune is | oaded on the size exclusion colum (group
separati on node of size exclusion chromatography)

woews®g05561 a preferred enbodi nent of the i nvenP@DRP20851050739

adenovi rus suspension that has been prepared according
to the nmethod of the invention is further purified
usi ng an ani on exchange chron®t ography step and a size
excl usi on chromat ography step. WO 03/078592 descri bes
t Hatyseref no ginadrroughplitinge edeexchenrgeatiicles are

(ée&ra@eahﬁf&ﬁd:rfei labehot Nals GAREAENSs ARy Q@eeéiﬁhﬁ'ﬂgi@uon
adenovi rgyi geAd 5’ urifjcation
r

PR bR P h Ses B SR Ena R free
fadenevg rgenperted nsowané o texekanges byl figwnd: if iprdpagsbeions

fd OWIBhE Snadt Ia)dewogmﬁﬁs RiNQii RGeS aPRE W1 al hbinalniy0Ber
Vi rus recover acki ng or cleanln?Fvalldatlon

‘é'}flﬁtregae?lbr ‘%ti |”r?wcﬁf‘“ reﬁ‘ﬁagfiv‘)ls’rﬂ? IPef TR 9%ssues
ofulgiteotage & ssuegbihent didposabhe prédamtéant codgesin

afx%e”%@@no@iﬁlsd%%%ﬁ:le?ﬁg @cp%V%haE?@d Uéﬁt%f SHED éHHt%ms
exchange filters is an_enbodi men present

i ISRt Fﬁﬁha%ﬁf’d 4rOVRA - emfcfdler’féﬁ?tc%ﬁs'ihtfeﬂ"éa Phctfacaraed
wiitliviem whe soopetefl Lari®3RChange Throaat boramoy’ in

tcfh%%%?”&éé“ﬁ%@ b98:1 SRy,er embﬂoﬁﬁ&ltt b@Naf 2o PRLRYange
an equi val ent for column chromato phy, the present

i VERESr §OhahE SUFPELSTRY ofolifid 'arPrad’\FEﬁfa Fr rus
maritfiyilag atlentgiroup Bertieypevdbt{dd3Ferasong movadesna

%R%Ct%%ﬁgf-‘oﬁ ' ién%mngV Bred NRIHSE: Phis A0 AHU5Q0 £XGhange
col umm: certal n adenovirus proteinsthat were not

i TCOFPOP At b A ISICY 502 ROVARATS Fpart | CI8 18189 sEaratRdot:
faubiethen@dentonbs npat tddenes i bys usemeiradfoand@ipbrising

%@aggénééiﬁﬂ prBeLidY & a a@hQPcf;@&“ﬂ%‘%%@ EQ£%”H?;:nt§HHQ

ree adenovi r us protelns were no revi ousl Yy f ound
Are5ar SE PR D P PEE BT TS Cat oA (0 B&r PeAbSYa RO,

viculid nofcmitaplgo tuatetrecipedsibly stowwtan bewserapaedlity
lﬁ? Qgcggﬁiégﬁﬂ)éagnovirus particles of subgroup B (see e.g. WO
2004/001032) gives rise to the hitherto undetected free
adenovirus proteins that appear not incorporated into
adenovirus particles. Hence, this particular method according
to the invention may be particularly beneficial for
purification of recombinant adenovirus of subgroup B, such as
Ad35, Adll, etc. However, it is also possible that the method
improves purification of the more stable AdS5 or Ad2 based
adenovirus. The invention provides the use of an anion
exchange filter for the removal of free (i.e. not incorporated
into viral particles) adenovirus proteins from a recombinant
adenovirus preparation. Preferably, said recombinant

adenovirus preparation comprises recombinant subgroup B



subj ecting a reconbi nant adenovirus preparation
conprising free adenovirus proteins to a charged

wo pdos@egosshat cont ai ns ani on exchange groups. TPCBEP2005/050739
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effect of the use of the charged filter was not noted

in WD 03/078592. In addition, WO 03/078592 does not

di scl ose the enpl oynent of ankdn exchange filters for

the purification of Ad35, or other adenovirus

padtiaicysef seeth@eoggenbimne Pavent Thyn ittepéier ealso

pgsmlm a nethed foer phetPiddid ohr 6 Aden@VMinbHE subgroup B
teins froma reconbi 1 nant ad%gow us rep%atl

c% RETHE PRe-STE5 of "Rl &PPng At YR ES b Rarte thod
ackevoVisriog preypar atfi 9nbm©¢rtpmgs|thg feeanddensdysvlpgroup B,
PEQLIRS ab9s 2 whangedsf b tel dldh cRMAigas f§@£@f‘
exchan e ?roug W t hout w _shing to be bound

°F's tce@ncé\i“\]/%lgex‘fk}?é’tget hidt b%%%lsb’llﬁag%)%r&ﬁfaf“‘se in
I‘dwesre sneabodiss tof aher égoeri iranta rademown riws tpar értclast of
SW&Q@a51§S§\%1Qa%leV\@sgg% 31038304 \b%éa&k&%hé o qohe

hitherto undetected free adenovirys proteins t

appedr fof - i Bt fortat é8-9 nt’%lséﬁéﬁovﬁ?ﬁﬁeifarat‘ﬁdcffégm
I—%mot@rltahl $e par tSagubbindeddrd@saccording to the
i nvention may be particularly beneficial for
purification of reconbi nant adenovirus of subgroup B,
stithfe3S Ad35, AdlIl, etc. However, it is al so possible
tNeaty theéfaes hooh beprewe sdyptimiof poal foratofont hé tis erirus

%&@ﬁlﬁg5t9rtléd%rggéﬁg AARBAMRUSTA s&ﬁerhﬁ]V&%éc&%ents of

provi des "t he use of an ani on exchange filter for the
refoPAFSBRT feeEn(t oB: ‘h‘bff‘?ﬁ?cﬁrsﬁﬂrﬁ‘?”edm@?oaw region
patdhiatbe s¢hagenegirapsy prroteinesal r e taa imedonb4 AAM M NaCl/50

GULRRML HE PrEPIMALLOR- Y &I @Plc}.‘atﬁﬁ]ls oFeRQEPI Aant

adenovi rus preparation conprises reconbi nant subgroup
BHRSRGERF U Eifc RTESeF & ORI naht CRLBS" PRESPARR¢t i on
alrdedpnentsesshe meFhods fmeqaaﬁtércalaxﬁrflofatiemoaﬁm fane of

S guR: B r@é:!gq%%\ihﬁuéhf)@ffd L&S: ssHadLa of S?%sence of

artlcles the nmethod conprising a step ecting
Hﬂ?sﬁeEGﬁb?+ﬁﬁﬁ dgabg?gﬁﬂ§q§s these buffers from those used in

known established protocols. Nevertheless, when the methods
according to the present invention are employed, a purified
and substantially non-aggregated adenovirus is obtained. An
advantage of the use of buffers without these additives is
that they are easier to prepare, cheaper, and that there is no
need to test for removal of the additives.

In one embodiment according to the invention, the adenovirus
is buffer exchanged during group separation to —and finally
stored in- the buffer that is also used for the Adenovirus

World Standard (Hoganson et al, Development of a stable



such as Ad35, particles to an anion exchange filter
purification step. Anion exchange filters suitable for
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art and comrercially avail able (see WD 03/ 078592,

par agraphs [40]- [41]), e.g. fromPall (e.qg.

Must ang(tn) series) and from Sartorius (e.g. Sartobind
series) . Buffers Many buffers can be used during
paf¢tdariloneetonr Heorpbl asiearc didPngce®s ie Mpresen?oz, p.
| nyeqd)i-0ng mfﬁlel\@ml s&@@d%,oﬁ.sée;wcagsm
|nvent|on ers us or and_ani o

chr onat 3G ﬁﬁﬁ and(eﬁ 3f k?:"%)%‘tha&isngan 4usf %ﬁq'/egﬁl
nivk aret 18 sp Ie|f78151tam@r bRt hret GOWC Rt T Blé TS refe Nag)

B £rrilRRERGERT %ﬁ%t%@;@%%ﬁbﬁl&fl& CQldeabMvirus
preferred enbodi nents, the buffers used after

cP’é‘?f??ﬁa&&PPﬁnC%ﬁ &¥Fr é&SB?“%"etbeer JeHte HudiesPaaT patent no.
chdp¥dade and swucihosenathenabsentestofpphieseiaddi WO 9541416,

0 $td 9y visghesyd ﬂﬁ)@%'@%f &S d1l/BRnEROSR WSHEsbHsknowWN
est abl'i shed” protocol's. Neverthel ess, when the nethods

according to the present invention are enployed, a
pueddared wand spdystimt iakéytsion - aggregated adenovirus

i's Obthll Qﬁg aép ac‘iil%a@&ggggéﬁe 1Q%e§!§e19fgebllé§ffa§£§ regarded as
wi thout these additives is that they are easier to

erreﬁTeé(?nEhE%f)etrh,e BRI ERSR e PECFES Hio HP¥EYSF o ?%Ssthown
fixraienovae ofartdyenaddat i respechifiioneawsogi remtexpression

ancandl Agst ocd e JNYRNELON, 1 A28 1 A SRVl %%o?ér@i{efi &t tne
exchanged during group separation to - I_nal

sYoTEd OF nMaY hee Bu et M hatn S °al §B° ReF6r °f h%urlfymg the
Adensvi rus Worl d St andard (Hoganson et al, Devel opnent

of a %@bLS&Qe%%W ﬁ@lnlﬁ’?&c} egg.@y!:aéié%n’as found by the

Bi oprocessing March p mM Tris pH 8,
25 SN ER VD By gPy"c%’i‘%’Fe v i 6B§F‘§Fm’ﬂ&ﬁyt8?h%‘?°1a"lrus
bufdlepreoanibhe risadyiaqdars evdehal i exagH @ rotostA irdlblge the

féHJHQV§ELQnﬁuéfgbpgg%e§$Q&éHEEWQQg the standard purification
procedure results in co-purifying the expressed Ebolavirus
nucleoprotein. No co-purification of several other transgene
expressed proteins was observed (for instance not with Ebola
glycoprotein dTM (Sudan), Ebola Glycoprotein dTM (Zaire),
measles haemagglutinin protein (MV-H)). This suggests a
specific interaction between the Ebola nucleoprotein and
Adenovirus, which seems to depend on the characteristics of
the Ebola nucleoprotein. Other nucleic acid binding proteins
are expected to have similar characteristics and are expected
to have an interaction with Adenovirus resulting in co-
purification as well. For adenoviruses having such transgenes,

including nucleic acid binding proteins, such as
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phar maceuti cal adm nistration of purified (adeno)virus
preparations can for instance be found in European

wE@aioengoss®. 0853660, and in international patePtT/EP2005/050739

applications WD 99/41416, WD 99/12568, WO 00/ 29024, WD
01/ 66137, WD 03/049763. Vectors with specific inserts

In the art, the transgene itself is generally regarded
as irrelevant for the purification process. However,
agcdhomre tirdnsi nsucthe s Eped geheusrmpcilpoppetd ii.c itases
B¥nbESc LXPHRSSkORadt tthe Bastefald safiti @oﬁmt\ﬂawéns that
i nfl uence properties of the virus or

PAFI BE S IGHSEne " Bt oc &5 82368 pird f“ﬁenéof hjensﬂﬁalnlﬁ 2=tk Nacl
duchiernorr -imbicave i figy foipedi ﬁr@dtuasauasltmumjaebpthle 3).

BG@?SP%:&&%@G&%‘% élﬁt‘é@%ebé *}?eztfro_%ﬁégeé‘ﬁ i .t he
bol avi rus nucl eoprotein . Purif an adenovi ral

@é&?ﬁ?afcbvrﬁlé(v nPhE 1 I BrEF abP ¥ d%”#&él BRI Foygehere
wistd, t frer sinandace Y ishilcattod preoeeded etd aedigl v$rusn

%GsBé'ﬁé £ 4] '&Qr&@@lf’&m %Séﬁgd@ﬂvﬁa‘ﬁ) bYS aBHLL RAPLRL BhD - s0114

co-purl I cat1 on of several other transgene

é‘)’i“b?’é%%led?rpFBP%?Wsr%a‘émol%?W (7813 aREHFc@tnbhewi t h
Ebokat giry capr bé evenaFiMi@Sudadynbidedl aith yedrotepactsl ME

(78! [ QentTRAS! 85, NARITAGQLUL L AL L 0L e (xM‘éle'EJLL beBx%

suggests a specific Interaction between the Ebo
AYEF2odt Bt difnahd WH&Rey thase twhildh 18 e%‘ﬁ%c”clé’e&ebéﬁ%ll‘br?hat
hhe charatt enpgstsaix ofufifhes Bhod:aatiebeppd@iseindt. r&Edi8r in

Q&&L&é&l%%' d-BL D 19 RO £ £‘§grﬁrch%9€8é€éjmto‘}a9§8§ of the

simlar characteristics and are expected have an
FHF%‘F%’C‘H"%OW Pt reitav PEUSPe edtnitfiiRg Yhfal particles. In
ebpsiradpecat bontiaxs Mlelntib0y Ede moifife d SescHaaviengt&pich

Lié‘ﬁé &> takQQ | el g a'%ldgl:eh?e 3e u‘ilgh an ”&eo GOLEL NBrom

such asnucl eoprotei ns, such ol avi
ABEPR FTBREFA, C*i“fo"lastoﬁéﬁE‘f‘Ym aé}d 3] eé%ﬁéﬁgé)e?ﬁée buffugther
par sed datC@ACeNéB AtSu@hS at Battied e peve i bagher sthanmdy Mor

Qﬁglanégq%euﬁesiég JJEELQQSS é%e§5£M @?g%p separation mode.
This last step can be used for polishing the virus suspension,
i.e. removing minor impurities that may still be present after
anion exchange, but also for buffer exchange directly on the
group separation column. Alternatively, instead of size
exclusion, the further purification step may comprise a
filtration of the virus suspension comprising the high salt
concentration through a hydrophilic filter, such as a Durapore
PVDF filter (e.g. Millipac from Millipore) or a Sartopore 2
filter. The filter preferably has a pore size of 1.2 um, more
preferably smaller, e.g. 1.0 pum, still more preferably
smaller, e.g. 0.8 pm, 0.45 pm or 0.22 um. Unexpectedly, the

nucleoprotein (NP) of Ebolavirus was found to be separated



buffers to inprove the final product quality (see
exanple 3). Buffer exchange nmay suitably be perforned

Wh00388055Al t er nati vely, other methods for buffBeT/EP2005/050739
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exchange coul d be used, for instance the salt could be
added to the virus suspension directly in a gradua

way by addition of the solid Aaaterial or concentration
solution. This aspect of the invention may be

beraf iecirgchpotmamsi adgnol t fusptuinderatpest saodithens by being
Ifa/@nde@nbyf@ﬂe |f_‘lS_Ltt@B?elefeh b@ddhaglwea %Qle@@ﬁ@r weight of
bef or e but is not

S
GRS BN K oTiF (HRECRER W redentATGICRATE BhTies Pores
utrequrexetredhyhdmiees adehovesws & Use afgrlegs iGAtpropmvEdes a

NPIsd NcSu@Rbhl £ANtscHal8L1y aéﬂeogueiew%ee%eﬂwwé Q% rus,
integrity_of the purified viral particles. In thi

a%?)élﬁ PEPienEed rf\PrSHPFBh”tHb gt @?%ﬂc%afﬁ&élﬁ%&w this
prefedalrky vakies ipl ateowdd eronphetel temawalob Lt hige vi r us

fﬁme%e,'rgee%qﬂ%g%hghwf@ 0g:3phy, . &g Jy.eker a@'é&ze

before a further purification steg Such a further
PR F S AR BT SRR IR Y oF tTRERANEEL bk RE §TPC¥KE 1R iEgnsuch
sS4 efilitraghonpsisgparat removmadehefhinsndastonsbepnaars bed/or

us&d . @r-POLiShiJ3Q the virus suspension, i.e. renoving
mnor inmpurities that my still beﬁgresent after anion

exchai§é, °but i §61F0F°’bu‘fef“é’i”l€%cﬂ d@”dﬁngcPF?/tWSt Re an
Hapgrtsepatiad | ived@hommthal tier apévedd/ to pst esskbwdf for

Sd R %ﬁkH§é9%ha¥h§dEH&§Mse%UEkfé«&f‘f' Y3534 6Py Mother

conprise a tration of the virus suspension
CEHPITs FH@Oft‘%‘é’gﬁa@HY s&FP Cocént Fatt gitsehPBugpded instead
hg/mlrampbnl egcrﬁadqeebhrsmﬁbmpayDumH@OI@oB\daEtffécttefr seems

ted g) M’l%_ lr %@ Ml%%i&%rn%) Cgﬁtgml%tlgleoﬂlgt%%lall Eefore

filter ter ore sSize
nThe, %FeSﬁ%f%ﬁﬁbPﬁ %ﬁ’m}#e‘é‘r agdgot 1°<01rﬁﬁh thit i 19moNBle
pﬂﬂﬁar abl ycisimiddeby 6etiger &e&nmhazﬁ) &b dfime®@Eh&hgd? mm .

DURRELEPhYy [ 180U LUURLE] ok MPIa o QLAY T uS was

e Separate roma reconbl nant adenovil rus
underH?ﬁ%%djgbﬁ@W?PBH%nkﬁﬁqigpﬁgprOVldes a method for the

production of a virus comprising a nucleic acid sequence
coding for a nucleic acid binding protein, comprising the
steps of: a) culturing host cells that have been infected with
virus, b) subjecting said culture of host cells and said virus
therein produced to lysis of the host cells to provide a
lysate comprising said virus, ¢) subjecting the virus to anion
exchange chromatography, characterized in that after anion
exchange chromatography the virus containing mixture is buffer
exchanged with a solution comprising at least 1 M NaCl, or
another salt providing an equivalent ionic strength.

Preferably, the virus is further purified using at least one



retained by the filter, while NP - having a nol ecul ar
wei ght of about 100 kD- was expected to pass through

wo bwshsdsser pores together with the adenovi r usPCTER200$/050739
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these filters provides a fast solution for separating
the nucl eoprotein fromthe virus, as no prol onged
i ncubation in high salt is regpired for this
procedure, while it allowed conplete renoval of the
needre PMBE &8 Fnd regiihehef ¢1 ¥t iER| §hoggh aOhvdpopkiliq filter,
Séch,lﬁ‘/chXglstde_;CH\: qtéraﬁﬂawgramw cohBpi sy Stiizbl ep@lusmn .
0 after suc iltration enove ot
T STAC BT BT Al SRATbr P orBAPT & o RS AhGED TR rgping
hatghlegaltt 1 rNadEnovi ago BN [Faidi ngoprdingl equivalant ionic

amequtﬁf il heeddpient tonad hatihiignexpaot edi1te: be. wsehyhy,
for other vjiruses, than adenoviruses as wel |l . Possi bl

RTh&Pe P Ut 206 GhEt Sy Ephy =8t Bp Yy achaBhit gwe %8 the
appliscad sknsleddrofthanaon, exchangeashwuwafdicdgnapiynicThe

'éﬂ%@ﬁ@%ﬂt1£q&éévidéﬁew§tﬂ6hé3%r%@§p£€%%E6H 09f0§ﬁggldegggred
contam nating material before the high salt step.is

abiflS&dfegh Bt 8ar é%acftfﬁvs'"tr‘@ﬁo%‘éltlteoml&uﬁe %{%rﬁh&@ﬁtho‘i
byt letllye deperadrs drhaheabi @akiexc hangen thrionetregt tpiyy between

al R0 DAl bt L& 'p%%lﬁld&&?\ehf U?Shfi‘@J‘Q&rLQe FEW %'}ta&ngﬁle,
further provides a nethod for the production of

Wads mééin}ﬁ‘? it RGTh AbicYRe I YasrBs sttt & O otfhitf fsé‘lltﬁ
rnucihciae acr dirstRdicRgKPI Otwidiumconpspisitey thel stiggs, of :

NG YT 18 cROShase! I 1t hRb, have *R%%E ':\&fa%%% ek, N ete. a
VI rus, by ‘subj ecting said culture of host cells and
F FIHPF D tHerde nPPF BRuCER 67 T LGPt Re”hoste derpgtion

t Gcopibey s theg & My slate) Cloaprd Songusal ity PES78€]9 mS/cm.
%J}Hf%‘}%' Q&nEJ}SuW r U%h&P AN eX§ hﬁa[l&%gc Br ofRE A RN s gher

characterized in t hat after anion exchange
&ﬂ“&h‘ﬁfb’lj’r%\‘ibfﬁf“t Iﬁ@%f?%@%nf‘ﬁ?’n??@l% k’ﬁuF%s'f%d O er
exchabgeit i itrh rems ol b | VR GARPLLS | prptatinkeasdm pavtially

N%gifigﬁ virus, according to the invention. It is expected
that this embodiment will work up to saturation of the NaCl
concentration (this is about 6 M NaCl), but for practical
reasons it is preferred to use buffers that are not saturated,
e.g. 5 M NaCl. Preferably, the solution comprises at least 1.5
M NaCl, or another salt providing an equivalent ionic
strength. More preferably the solution comprises at least 2 M
NaCl, or another salt providing an equivalent ionic strength.
More preferably, the solution comprises at least 3 M NaCl, or
another salt providing an equivalent ionic strength. More
preferably, the solution comprises at least 4 M NaCl, or
another salt providing an equivalent ionic strength. Even more

preferably, the solution comprises around 5 M NaCl, or another



anot her salt providing an equival ent ionic strength.
Preferably, the virus is further purified using at

WO e@snswdnest ep conprising either filtration theCmRPR®05/050739
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hydrophilic filter, and/or using at .l|east one step
conprising size exclusion chromatography. For these
enbodi nents, a solution conprising at |least 1 M NaC
or another salt providing equivalent ionic strength is
refdly redvieing ap aghvabeat iogligt brendbeafhy, higt salt
tmmioﬁnc&ﬂﬁriﬂelgc ahie onlﬁfm HQ@ Bar h&;{l&&easfgfloweet&am
erso l&hl (% 5 g "’;‘:stu”iof]' ent_L .
|%’rﬁ‘ SEFeRGTH Y £ proff e%“% OHBUtm e &I EATP eas
otvrerhoymdesim exbreirdé, - tie¢ feeantplsac#h% amaotrgatedn of

tﬂ?rﬂﬂ:ﬁ:‘d%n.o@sof h'.@lemhﬂolglllldlkl%l lSrg@Q?rnqﬁ:oQ\n tBQe\mrus when
br eaki n ionic interactions between the DNAbln |ng

p+’%ﬁ”é1aﬁ98ﬂd1? HEI9G 1 f PEA'SATUSP EBrOeatgPE;
peigherparthiorsteolgity spibsdig wicedmpovvettiper psaifsc;a'@@oh
A% J Q. Egsig%é@g\lab§9dﬁm %@gﬁpgé‘tﬁ:nlgsgtreﬁgs of 1 M
(NH4 2S04, NHAO, NaBr, Nal, KBr

KHB0 -2, eF%Cl RS PAPL AR FRh IGCUPRELBRA 1@ uEBA 3 ]ﬁ?é*t two
edapl erobne heedknvehtromyyc erppusi figed: iMnNagl hdraaina
GONAUGY! ¥EEYe Of fi8m {Re YD, BHEfELS, &RNEALPING PILhEEKed

salts, "and having a simlar or higher conductivity can
e ’ihﬁsﬁéﬂ‘é’é“??d\ﬁ e&?FFﬁlkkféj e<edn- f%‘ferél}gf‘ébf‘ll?‘tkiﬁtllﬁ“ of
rexavtion g a DNAa dEndii g s pexdred sas nbr Bivo paritdual hycpespddtedn in

VA fﬂd&,feécg&wh@nbostMenéélVe%hQOed lind 2oR¥REAI LA nghat
hi s enbodi nent wl | up to saturation of the d

c‘BJchl@ﬁPfa‘f‘Fjdh O §h?s‘”a16b9utt°6bﬁ11%d3te,°tbaf‘ }gpits, and is
prtecicifoat # gasdesrit esb@ligkeartr efl tie uswehuiéer sid hat
aﬂx%f@%ceé %M&;Jﬁgntg gtheL3 \,Mrlhl@qn.s frreé‘c%qngl}zllé(ntt novirus .

sol ution conprises at least 1. , _Or anot o
sS4l °SpFBVE dFRP AR B b vsa"’}%t“uicéﬁ?% %‘H‘deﬁ@f‘ﬁ.mwré’tem 1s a
preflecabbyeimefsal uiiohn. CoNMpeirsesn aimdogastn £s MHdaEof the
Q{uc%%hsélé ‘:ﬂltndﬁylger a%t{l:gl a'lsegﬂé Vﬁlc?lryvlrggl rcfucleoproteln.

st rengt he sol ution conpri ses at
|Ié1a§tre§emtq\%embogllments, the buffer exchange step takes place

after anion exchange chromatography and before a filtration
and/or size excluéion chromatography step. It is further
preferred to include a nuclease treatment of the lysate,
whereby preferably the nuclease is added to the cell culture
before lysis is complete, in accordance with other aspects of
the invention. Instead of high salt or in addition thereto,
detergent may be added to purify the virus from contaminating
DNA binding protein. In one experiment, the inventors have
shown that addition of 1% Tween 20 also significantly reduced
the contaminating nucleoprotein from recombinant adenovirus

expressing Ebola nucleoprotein. Of course, other detergents



anot her salt providing an equival ent ionic strength.
More preferably, the solution conprises at |least 4 M
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strength. Even nore preferably, the solution conprises
around 5 M NaC, or anothersalt providing an

equi valent ionic strength. Thes high salt sol ution
conprising the virus may be incubated for a certain

t ¢are,syiitebeéy dbd \temtteleastd gie lsourenmtaopr BRerkblvaraed,

| east JowReBRUSSHE Ionz@eg.l@aaé% the reXxanyi8mashe¥ @t ions for
i ncreased purlflcatlon of the b|nd|n grotejnfrom

t M U S EWhEh “ilﬁ%’&sgt%ﬂt‘??% 6ﬁ§8rre%‘tmk1 ea8
overgrghti onFurddrerding ho giter dingencist s @mgtthlapmcs to

%}E&\é%b‘ibeat?uféafét‘?%' Q&eéé%%eas' Ldae% C%Qeﬂ/@@ €
t even at ionic strengths of 1 Mo and

p‘?’&ﬂed%@@&tﬁ nubdS dﬁve’ét?;rs Weéfﬁrl }é%\‘éec %Cﬂ‘é% grigher
oreprweiele ibt hete ammpibe pant fincabkohooffdrhehDhAumeiengand
p{}ggrea;fgrgr oM d he YEHS rodhis can be routinely checked

by the experinments described herein. Overnight

i ncubati on of reconbi nant adenovirus expressing

Bodabaisr vE Reedneapet eadendviauuf f er conprising 5 M

NaQ , fhegpyetbdde centaminaliing sk gy Qt sLood rgm the
virus to bel ow detection linmts, Is therefore a
prestaaiegn b ifriiavéres ?O‘fﬁfelﬁlﬁﬁeﬁt?’a?ﬂsqeﬁepiz%?%eﬂ dgom the
effagh BBAL Sstife ofi:r 88 Elsolaviieasnbhdbsdpradenoyiarus. | n
GRI1Al  REDOH NS, 821 AUCkEhe.RACA Jadig protein

nucl eoprotéin of a virus. In certain enbodi nents

t HETRBFPPRR* NS @F&eac‘F%P%eﬁdP’ﬁ@Ubr%ﬁ“@i%lPEl?ﬁb said batch
Eiolravitedszediclre@prot £t ncodtR ipsel s ethaanbodi MeMast cell

t f k f
legsh%% ek f’@ﬂ%ﬁgSa§%ﬁplésg 6% BLacs afihelani Qi q. genes

anecrormto ra beforeafl tration an
s?Pztéoé‘i‘éHﬁs‘F@h C(?F?Féhﬁt%ﬁn%?ﬁﬁ?sst %%@l‘ﬁonlss pRf4 Hemutations
p:l’cﬁfp%ﬁré&dttb cHenelindet podtpaseesr eain®enh ahtike including

'Jﬁ@ﬁ% %Qys%%%&&é?bkxthggtngg$%ﬁ%%gl%ragqggas%ope of

e ce ture ore ySIS IS CO
e ééﬁ%%t vﬁft {Thet hererisisiot §16R7 1y, Tor administration to

subjects it is advantageous, if not already required for
regulatory purposes, to have batches with such low amounts of
contaminating host cell DNA available. In preferred aspects,
the batch is characterized in that it contains less than 0.08
ng, more preferably less than 0.06 ng, still more preferably
less than 0.04 ng host cell DNA per 10 viral particles.

EXAMPLES
The following examples are included to further illustrate the

invention by means of certain embodiments of the invention,
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the invention. Instead of high salt or in addition
thereto, detergent may be added to purify the virus

wo easgldnd ani nati ng DNA bi ndi ng protein. | n onBCT/EP2005/050739

experinment, the inventors have shown that addition of

1% Tween 20 al so significantly reduced the

contam nati ng nucl eoprotein fsom reconbi nant

adenovi rus expressing Ebol a nucl eoprotein. O course,
cififeargenet gentbec ganstiteblop Bémibstledd scand ¢hethe present
cgn,qg%mlgatigrhﬂé{,ax,ape varied, e.g. between bout 0.2%

and 5% to fi optimal conditions for renoval of DNA

bi ndi ng proteins fromreconbi nant virus preparations
awcowrdend - t &ddirg dnneént i ©leaslen tbhike agpgdc iyl pued dmalskeyd of
ato |t%%3ho;%9&fﬁr1%§2¥:e'§mﬁ%¢%@ tABEp Fddeils %Pe&iﬂﬁnt S

of the inventors however have indicated a higher
rRFriddGeFbPTity of high salt incubation for this
pur pose, tahs ddaepebore thishows pnef exdadioBadttheslehse to

r&%‘)@@h@aﬁlﬁﬂ%n%\é'fwé iﬁl%%etﬁépc‘?&fls tR8uEOY &N QRount of

provi des a batch of reconbi nant adenovirus conprisi ng
4T N8 GRS e fsddn PFP ot tHE §iBEp RUNSISH Ryl BT : an

Ebol avir snsuclaedprot ein, 1la;|@rEbER<aw®r uelyl quomret ew lysed

a Rl aspodium f Lgar ci_tcuns it ene es,
vi rusi e?f’égg nu?él %l ﬁ égngalaﬂ)a? %fg’c g}‘:l Sed i flﬁn with
idn @derbaifsal e&stbhanTlﬁh.ﬂtyngilhos¢s ceeff lerDINs per Helilzlonase

Vi@l kP §£AC|5%5ungcs?r9ﬂg%] o MBESE | ggﬂ 9e0Ees added. After

opt| onal Ty may contain et10ns, i ons,
rancabeondl quimpaieedthe Thidop Kdloo‘?éﬂngeaa@nd@ﬁﬁ olyiest

|vnisn@tl.HE§f1écn(ﬂyuq_hmgr§tl_llod SehateghOre Rt ¥PESa Mt hout
devi atln% fromthe scope of this as ect of the

IIRTERETBR. FURERFFY =F ot ANt Ri §PFati'on to subjects it

IS advantnagﬁm,, Bénfotasal®r e8a0yu frelquianadMgar, (2mM) were

uly a£8r¥o U RQSBRrc L O %‘iecl?ﬂﬁkes th s a{h

anounts_of - cont am nati ng host ce avar |
PrEPEFE Y asPec S teF hid FHreRer sietatdrer Flz%ocqlﬁrSt Hﬁfe

ityseantatmsid @s3+bRap-1bd¥8 after an additional incubation of

50 minutes the Benzonase®/Triton X-100° (B/T) harvest was
clarified by filtration.

The difference with the processes known from the art
therefore is in the order in which the nuclease (Benzonase®)
and the detergent (Triton X-100%) were added: classically first
the cells are lysed, and subsequently nuclease is added
(referred to herein as T/B harvest), whereas in the process
according to the invention, first nuclease is added and
subsequently the cells are lysed (referred to herein as B/T

harvest). This is schematically shown in Fig. 1.
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ng, nore preferably less than 0.06 ng, still nore
preferably less than 0.04 ng host cell DNA per 1011

woeooalsess ti cl es. EXAMPLES The foll owi hg exanpP@BER2085/050739

included to further illustrate the invention by neans

of certain enbodi nents of the invention,and are not to

be construed to limt the scope of the present

invention in any way. Exanple 1 . Addition of nucl ease

to th&heesdmldst wpeei Ftreddirghet oW ledst Ctatifiopsape was

I;{E&rf@fﬁgdtﬂsse dgpQﬁe§§l{QJt1\Unr S . BUhrh fdlraaalgead filn;etrhl S
hown. t hat addition é)lscn ycl ease to

AR re b AR eny VB TS e St Te g et 1 0870 .45
anp$atrtopored] dakthosis)celiltBNA The tdlerfifhed mppeirfirgédwas

Wnl&enkpaféw% l:lﬁ@g gv@r ]ao 0I ' Beﬁm R‘EBQOW6§:'Q>ePerectrum) ’

cul ture was wWth 1% Triton X- (r?3 (Sigm) at
d&y tovs ey é’rl"alfr’rfléz‘if‘FJo‘h'1 iR ahb%%‘ﬁlr%\ﬁ YaP Ybgs of 1.0 M
THOLY $O i UtFRss gkt 815 | ysd g, vBenzenas®e 0. NeMCRakiyoA, nB0Tris

gﬂi t7S 5/ %ﬂe q{i%flyggergd (J?eég}&:a‘é@rﬁasadl%ecx@ed%ﬁgg aﬁ@%gﬁgﬁ_ose

mnutes the Triton X- 100(r) /Benzonase (r)
PP dPm W N arPE PBY B ftlhlet YaF o arhilent Yt eefl(b‘ltéd with
wa S 5aMr gac a0 i MBI$ aoprioGessess kimamtion vae frthekn

0
(U350 p PRURUESE i30T SAMEL £ fgeonan

FOUmAnf BRY igsmeraten oP%\‘fltféfrealBqu rﬂftse§°Pﬁ€{hb’éEt‘treé’n t?héhe
@Elsh.S‘equicﬁldeyﬁﬁdt\ﬂbﬁ hwili% Br hbDDowX-£iHE@ (0ADS efm @ resize,

%%QICEEQIH d.%uzmt k?ﬂ@zfedlsgng] Qﬂ(ﬁr%ttt'%% B?G‘ZP&%%G ol k

riton - 100 B/ T) harvest was clarif

SePPr-88i BEe TRELYFe e?%cré’s\}xfltlﬁltkﬁés*‘prc&&ésg'& %&NﬁCR
from rthe BB tideareént erdssilicadt he Ordeficknowhd £ IDNAhehat

%Lfg%ﬁa S {REN% 8§§€£é%r) pa:%@e% eéo%ﬁ%e Ls£ Tr{%ettth%('
wer e added: assi ca i rst t cells are
Irfgéélre%n??%’&ﬁ%éqﬁé?ﬂ I‘;P el éé +°q sa“é’dééﬂlShed material.

Regulatory requirements for residual host cell DNA for life
virus formulations are <10 ng per dose (assumed that a dose
contains 1lE1l1l viral particles).

As is shown in Table 1, reversing the Triton X-100® and
Benzonase® steps reduced the amount of residual host cell DNA
in the purified bulk significantly: by the addition of
nuclease before active cell lysis the amount of residual host
cell DNA could be reduced 10 to 40 times, to less than 0.1
ng/1E11l viral particles.

Further, it is clear from SDS-PAGE analysis (Fig. 2) that
upon clarification by depth and membrane filtration of a B/T
harvest a number of host cell proteins, among which a
significant amount of histon proteins (My around 10-20 kD on

gels, identity confirmed by mass spectrometry), was removed



10

15

20

25

30

(referred to herein as T/B harvest) , whereas in the
process according to the invention, first nuclease is

wa@dnedsssdl subsequently the cells are |ysed (re¢BEP®AS/050739

to herein as B/T harvest) . This is schematically
shown in Fig. 1 .The sanples were then further
purified. Carification was pesfornmed by depth
filtration (0.5 mmCarigard filter, MIIlipore)
fadtiowedlbyifigation whak¢ filese onobeirs @r@. 81 €ady mpill
SBHLLPRS En2eASANOLIEUSY $/d bitlrvelbe clarified material
was concentrated 5 tinmes over a nm hol | ow fi ber

(SpectHreﬂ‘ﬁ'f e |Pdﬁ§8$6ya<fﬁcﬁ:fdn1npt th frlben IRVeRtion results in
ssiigefienht yadranglageesooér 1hdskl NaGhd 53-omVE AR & ot Arb.

%‘pch%u\éobygﬁf'mffto bé %Wt{ySthMJ“ﬁ)s% bZe exgﬂﬁlatlons

diafiltered retentate was | oaded onto a Sepharose Q XL
(rertdRa ) L EDTINATSaRAEYRRD Vit gs 1f PR 17 ofT /RAsOBI e Fide and
whids B-85 (M NaGCr/ 58endAdd Sig #ab. inldliusiefir acti on was
further rlfjed n buffer®ex hagged ephar ose
4PFEE)(3 d’ﬁtlngin O% genzo I} geir%]er at ed \glﬁrl ?é fscg 115
was ssodgente a‘tJe@lSt Brtbﬁ’ecm ced sbrexin bat lie*mewetdw a&s soon

@ lD(R]W Elsb?éléa%egs f%pgéfl% 4 se§p§§:t'1rﬂ@>n tl%.2 BIzonase®
filtered and aliquotted. Purified bul anpl es wer e

aralRF$Eart ofe riggiediare ho st aeer t’mebe%/ @P@PY T’REVEPBing
tieatienbti®@s Wi adrga BN aeb@eteigaﬂe@f miNAsthah &f treh-

f r.ea J s e
iS00 0 LRORBEASERSIY EF v R rid i son of
MAIen BN2 FRGAA%RE6Fy requirenents for resi dual host

cel IThENAERT ddduBa¥h 64St frf 4 BEH DEKSa A% i fd LB PR tN 30
dose (assuned that a dose contains |ElIIl viral

pErtitePesyesu A Migs 1B BRKF i Frabi e 197 9e8Fd PRI MF% fgnzonase®
T ddcbm rX- MdHEK mpaando&nzmaseost eps reduced the

%Tlg)% Sg.)gl efar%%%' gtc'én gcecjml[po%)ué?lyr '}%r[%%&' fk# tlggl BNA is

Pcant fie ad nucl ease be
afbl{ge@éeéewmq%t@lvmp%ﬁmﬁ%ﬁaéﬁ e tdhese Faé%‘ﬂel’céﬁalrtmes
cd debeiretlusedndOct or A0 daitiBs, £10:dRSS RBBAidheht of

histon-DNA complexes during clarification might also have
contributed to reduction of residual host cell DNA.

Several anion exchange resins have been tested e.g. QAE
550C and Super Q 650M (purchased from Tosoh), Q Sepharose HP,
ANX Sepharose 4FF, DEAE Sepharose, Q Sephar'ose XL, Q Sepharose

Big Bead and Q Sepharose FF (purchased from Amersham).

"Although all these resins were suitable for the purification

of the recombinant adenoviruses, we found that Q Sepharose XL
was best suitable for our purpose based on separation of virus
from host c¢ell proteins and host cell DNA, and flow

characteristics.
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ng/lEI'l viral particles. Further, it is clear from SDS
- PAGE analysis (Fig. 2) that upon clarification by

walewshs@nel nmenbrane filtration of a B/ T har vesPCHEP2005/050739

nunber of host cell proteins, anmong which a

significant anmount of histon proteins (Mv around 10-20
kD on gels, identity confirnet by mass spectronetry) ,
was renovedduring clarification while these proteins

are ckBeuaefyl stiidel epebgseinn ingstthe wdmy ithiséddT¢ 8. Sephacryl

fb%ro\oesbepﬂr!?&%& B8 PENEESTAGER N Ghhal bse ld“ﬁi‘ﬂt(lai’ﬁ
results 1.n_significant advant ages over those k

ABTEABY pFT Bt 2PE S hSU"RPShi Tyt (588 B%iﬁrf’cf Es’;‘?re
tsheaaple phHesitilee pex pf trrtiicons £f the tireogbfihenersEsioviruses,

k%g Weeh drégﬁhékd%@d 2F§-gégk 90199§ié|éy% @Gg ﬁﬁgﬁ%éé b§sed on

(B/T). on the other sijde i ncl ude: Fon addi tion
GPiBEHY ohAsPRATR EENE BRNA L R ?%deea fing \A0Ed PR
t o vi Base@rggucthene cani altheadyedeltdi gesteide1A8 ,s@0onN

JNA LS ;E;%e%%%egcééﬁﬁn%e't'ostkéf Sﬁﬂrel?%llﬁ' wrghome

enzonase (r) present to immed ately digest the
RemEReFRbYY |d1“e§éﬁt|‘hg the formation of |arge DNA
aggregates. Digestion of nonaggregated DNA is probably

[E%Ja%ﬁ%f§Ctél)/t%et£h§9cﬁérggeéwl% HI? Baqrt Qb'@*fé‘lgg{nﬁa%ﬁz%

, e total 1 ncubation tine enzonase (r)
iHdMéaBESCWit-h 30 minutes, resulting in nore effective
HEgesbki o8l (=S 6@ rBe 57 oua Sith (al‘)LObLG@i‘d.ﬂ'@chz’BECknd(Ga%‘fe@@de with

Wd%lidggﬁ)w% (wEQﬁSrh@als)ﬁ. a(rgg{ls me?hta lggﬂpir?)%%s t@gﬁsgene,

f or med est ed ly u
([FssEE R ANty ﬂﬁ’e§8°#é%7e2r948ar gt el %%YsalaéctFét %ﬂ%lﬁy the
eankf wetd i1kl Wi el s1% RetiabAtrentl 00f Afsd0B0- mDhtes

GIBLEXES qubi 0G: &1 Ah) T LEGLLQ, “’g%g% %Jgé%t% gg?{elrbc“&)ated for

contributed to reduction of Tesi
SBQERAr 2hidRuEREhafife eyrAs Vv Cigdfiedstwr & §-° v
QAEr5580€4 amid tSutpend @ iMueptI ¢ has ed Min o H0s air) 30/ 6

§QEQQLO§§Efirpore) The clarified harvest was diluted with an
equal volume of 0.6 M NaCl/50 mM HEPES pH 7.5, resulting in a
final concentration of 0.3 M NaCl. The diluted clarified
harvest was concentrated 4 times with a 500 kD flatscreen
cassette (Biomax 500, Pellicon 2 module Millipore) and
subsequently diafiltered with 2 diafiltration volumes (DFV) of
0.3 M NaCl/50 mM HEPES pH 7.5; 2 DFV of 0.6 M NaCl/50 mM HEPES
pH 7.5; 2 DFV of 1.0 M NaCl/50 mM HEPES pH 7.5; and 3 DFV of
0.3 M NaCl/50 mM HEPES pH 7.5. The conductivity of the
generated permeates was measured and the samples were analysed
by SDS-PAGE (Fig.‘3). The data showed that histones (My around
10-20 kD on gels, identity confirmed by mass spectrometry) are

passing the membrane pores when the salt concentration of the



ANX Sephar ose 4FF, DEAE Sepharose, Q Sepharose XL, Q
Sepharose Bi g Bead and Q Sepharose FF {purchased from

waowsesEsg . Al t hough all these resins were suPCEBP®05/050739

10

i5

20

25

30

for the purification of the reconbi nant adenoviruses,

we found that Q Sepharose XL was best suitable for our
pur pose based on separation ofovirus from host cell
proteins and host cell DNA, and flow characteristics

. Baveedle shpe Bxplaforeoncf edingenentatdstied ie. ghe range of

SeRGhHY 0339% N%%Qhasfyﬂlgséqo Sephar ose 4FF and
Sephar gse 6 urchased from Aners

A CHBGOR LAl PRYeee PRl fo it 6o Gr PABT 4 POA L hpteraction is
puradencahden deseheal ecovblitdphsadenoMiimgses, reve=dseund

Sephaese rdok K J?r%itexéls“&f‘ﬁvﬁn EaQé‘égé’LHhQ%Shb?@@qcnoﬁores
ability to separate V|rusfrom ost cel rotei ns and

DNE™ B34 &8doTRfun thés &t ahtl Strerdrdsita’s 1€§é8d‘b%tf’c%) of a
ahjyrefsen kedupfocessiag corel iUFY DFOstée dawwanti om mere

SMl%BQeP@lL&f?ﬁl |03f hgsil.:lcg;llé"progéml %s%et:l?ijff; Histon

exchange wth high salt buffer Inproves virus process
PIHERI®E-cells were grown in a 10 L bioreactor and
i fecgt whtthiddexaAdapt thdWrells (wbtd lyeas| esrat ramsi

%%LHLLP& ntn%satteaa%gﬁ%cl%%%r '(Pﬁ% ' QtV‘@serQt“s!CQ%Z%ed

5 da after Infection the cell’s were

vﬁ*t"ﬂ: %Tﬁi’r?%ﬂtcfra)tlxn Qv nsif Pefflp ‘fﬁtﬁUF‘éghB%"i‘rlz‘br?ﬁéngth
((Dighe@ thah sU.HS) MaNndcMyGor?2 ivetenadded: andl) nclzatsed

f&&ne%‘lgwﬁru@ch@ BS&%S?ss Tellf‘co'}éﬂ{gs{o V\‘?h% %%hiic%j wR%EEin

Clarig ter and sequent
I\H*]el r“é‘FéRafﬁE l%/aﬁ'e‘efll Fe b oelti p%?%fe t’f‘ﬁé %¥ear31yfsr°~€d (B/T,
hedev exthimpas Wi, wived mhdslhgtarinequal BXDIpHtee6t OhdrdVis

NAQL2 9 myﬁP%%ogHngﬁ)%\la a%sc% wedg ;3. fbpal

concentration of |'ut’ed clarified _
HYAFe$Pr fasit nEEREPET Y APPRABS i ¢t thesppokgys according
flattser esvertmisset tae (Bl 0neieb00ysdsd lisc erRcRani@illagainst a

Md1LiR8R €@ sing 0.8-2.0 M Nacl, preferably about 1 M NaCl,
or another salt providing an equivalent ionic strength (see

example 1 and Fig. 4).

Example 3. Removal of contaminating nucleoprotein from
recombinant virus preparations

Generation of recombinant adenovirus with Ebola nucleoprotein
as a transgene is described in example 5. In this example, the
purification of such wvirus is described.

Experiment 3.1

Ad5dE3x.Adapt.Ebo.NP was purified with the described protocol
(see example 1, Fig. 4y . This method resulted in co-

purification of the expressed Ebola nucleoprotein (NP)



subsequently diafiltered with 2 diaf iltration volunes
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HEPES pH 7.5; and 3 DFV of 0.3 M Nad /50 mM HEPES pH

7.5. The conductivity of the generated perneates was
nmeasured and the sanpl es were4tanal ysed by SDS - PACGE
(Fig. 3). The data showed that histones (Mv around 10-
2orkasnegeith thfentirny. confliedneddbyimghed product was
S@Jl_efitre@rretz%/&l?r% mf&siteﬂgdr&%lmn‘gr@mm{}gﬁe&fm {heal
sa oncentratign o erefore

t‘ﬁcénﬁ'%t f’lgt ej° i i"Hethe fa{ggagf %"% 2ng" %’?Sc‘i\?ated for
NGz, agr rhplghfeermpe/kapgssllbdzfevr@pradamq omtios at Repharpse 4 FF

et &GOS tAL | ol @At PPud S MLekethdndgle LRSSl sps-
condi ti ons resul ti nggl n_release of histones from

O -eXBE BT UWiIShd Fpds sy hionr 56gh B KD oF S om
tdnrsagxper Ademiviirusi sypont lwidedut ha¢ntiantimedind i or-agft HP.

Pl sakt DAL fR0s 0uET Pt ABURLDR 5180 abpalls In more

efficient renoval host cell proteins, especially

hT FETVpr Bl 24 ﬁglereﬂfst hoefh Wikht ﬁ’P% %ﬁfﬂeétt Herediqts and
vierredl pdedl farstisapdesSebseljueptliyal reatagdinng hfor detergent

nucltase Ld/R) e dste ebiSo@ntd.GiRat @ﬁetmegglaﬁtdhééd and its

iltration against buffer wth high salt "strength
(HGFEE 5™ 0. 55 M Nadl, for instance 1 MNad) is
atselbenefit CTted AdAJERe. maqtestsoaueorecﬁumg tentie purified

| N thane bl %u%l%BSr@é&r@%%elhéu@Qﬁ%% L Lhe.eRld S

before they are d (B/T, See exanp 1), even
t%@ﬁ“?ﬁgt?fetk’g/rT pPo%e‘%%C]t R&r &% |§W%Ef“r'e§6§’fF1é%'%lyh| ’sP ol
omMtlanitnatownl kyeeepagat @n ohher Ef osephairnsa. pref erred
enbodi ment of the process according to the invention,
the clarified lysate is exchanged against a solution

8- 2.0 M Nad, preferably about 1 M Nad ,
oYd5aiB0k hadarstalMbop Ne vl rmuarflequwwsﬂ &hle HeRcCitsdd @[ﬁgthcol

((%%% SZ&Q{HR{@ 1]; %QQFAQ I:@l‘led and finished product was
dialysed with a 10 kD membrane against a 50 mM TRIS buffer pH
7.5 containing 1, 2, 3 or 5 M NaCl. The Ad5.Ebo.NP was
incubated in these buffers for 2 hours or overnight before
loading onto a Sepharose 4 FF column. The void and retarded
fractions were analysed by SDS-PAGE. The results show that the
void fraction contained Adenovirus type 5 with significantly
less NP. As shown in Table 2, the amount of removal of NP
relates to the saltconcentration and incubation time.
Conclusion: The AdS5dE3x.Adapt.Ebo.NP vector can be purified
from the Ebola nucleoprotein by incubation in a buffer
containing either 2-5 M NaCl followed by separation on 4 FF

sepharose. A longer incubation time and a higher salt
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transgene is described in exanple 5 . In this exanple,
the purification of such virus is described.

Experinment 3.1 Ad5dE3x. Adapt 42 Ebo . NP was purified

with the described protocol (see exanple 1, Fig. 4).
Téorscangtrhbdon éxfidred sepaxpum Pincalb¢ oh Ef cphemn results in

exRRssed-Ebpl s nuel RaprMLineg (NBLEF apRgenNecmbldn tdie
virus . Filled and finished product was diluted 1:2
V\?Ll%eé’pﬁﬁf:?"e?) containing either 5 MNad (final cone
Xdnddntreti@ds TofeénM2nd f1 M dend 484 tasdetneitiatledger

fch&baQEoﬁttfﬂggn(Eegpeéa&éyéa Qeﬁeéﬁ)|éEEQrGQnQnE0 this same
Sephar ose 4 colum. The void and retarded fractions

Vil té‘ozi'nﬁf’yé’e‘bd Wtsbéeth%@fl"?ﬁérr’e%ﬁﬂ%l??u 553 how
t et f itcke fuoi pufirfadchit 0nn conttdiesed sAtte rndengshs ype 5
wi t hout contam nating intact NP. Thus far, the results

wi th the hi tg_h salt appeared reproduci bl e, whereas

t detergent were not, and hence high salt

i Bheplegber techt Gpt isphbmgondiltliyonsdf cstdetier geat dowever
CoHR DS LE3iSd.dbe \s%béh ng, the (det waeéﬁctlé%egnén%bfet&ﬁS with

concentration . Conclusion: The E3x. Adapt
VEDY- G 38 afdarE 5 FPed? £3 &ﬁyﬁhéfEﬁﬁlﬁlﬁ?ﬁﬁFéﬁp‘?%@nﬁsﬁy (50
lurtittisainll pnand Mychuféere aaatai tie ntgneelctaher c2lturd, NaEteOHr10

]n/fn];\e%gntheprc,egl%.r ame¥e lysseM mgq 1% oi‘]ll@@ﬁd >p-y100 and

separation_on g ar ose. gerl nment 2 Adsd
Rd‘&p‘tbatEBofOIl\lFa’\%§eﬁu ¢ i tRSt h ‘f‘?lé"adfé@éitl Bl Cla“fled
prvetroaob . § see Ce)éaﬁ'phEdlfJ.JFtleg ady subbddduedtapdoy ianisakedpore

r AV &:19,kD nenbrane agai nst a
pj%qlﬂ%R}Agéb%}ffé% S %ﬁc%nt%gl ning 1, 2, 3 or 5 M

TTﬁe°¥&ﬁ}flESo aﬁmeﬁﬁﬂyas split in "two portions. One

portlon was concentrated 5 times and diafiltered against a
buffer containing 5 M NaCl/50 mM Tris pH 7.5 by use of a 0.5
pm hollow fiber (Spectrum). This resulted in an increase of
trans membrane pressure (TMP) and a reduction in permeate flux
while the visual appearance of the retentate turned to white
and less transparent, indicating precipitation of proteins.

The second portion of clarified harvest was concentrated
5 times and diafiltrated with 6 DFV of 1.0M NaCl/50 mM TRIS pH
7.5 followed by 4 DFV of 0.4 M NaCl/50 mM TRIS pH 7.5 by use
of a 0.5 pym hollow fiber (Spectrum). The final retentate was
purified over a Sepharose Q-XL column (Amersham).

The Q-XL eluate was also divided into two portions. One
portion was further purified and buffer exchanged to 25 mM

NaCl/20 mM TRIS/ 2.5 % glycerol (formulation buffer) over a
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i ncubated in these buffers for 2 hours or overni ght
before | oading onto a Sepharose 4 FF colum. The void

wa@eas0gtsss ded fracti ons were anal ysed by SDS - PEBREE2005/050739

The results show that the void fraction contained

Adenovirus type 5 with significantly less NP. As shown
in Table 2, the amount of rempval of NP relates to the
sal tconcentration and i ncubation tine. Conclusion: The
AIiFEESxclpglopt coRban. Nierregoge ¢aff bhe mpgrpip esbHargion

tmeEtz@badmlﬁomt s'f rb&yminnwb@:hé)on tihasalbtgrf&ruct A in .
contalnlng elt Srt d g % r Hﬁ%n £ 5 M
onds Pr § ‘E)hoatrose"-D }S\’r d”e!f'l"S Aaetbats s ©
WNafigb0smll t TRFfC @it 7ab i lan uref glfeas@anﬁr amy bnlbwtﬂl@e& FF
CQIgHIMR LAY St d B shEGhEe PWah i ¥aO0fnd BB gAdSa EDO,NR s

vector (nore renoval of nucl eoprotein) .
Ghic&itrations of 1 Mand 1.5 MNad are tested with
| ongeRlincudtatthenpbraebzge of. tRe daylslowl fiweek) (0.05 pm,

aa%%%ftdbﬂg 9 Lhis 1552 él%tu@%dtgoaﬂc!w p%‘é"sa&@e&@edr 180 kD

er incubation tine nmay ffice for purification at
§OREPE WYy é‘ﬁgf‘HgleoFESPﬁ@lerr’éﬂ'fl% bg f‘ﬁée%‘k?fér%%éﬁﬁ
|r&rselaemaamd:aid yedndi tat ed itheFagour®: ofPERCledpeelelis was

Wk 9L OWie '&t%nlgtér bﬂ’@srsqgcﬂzort@@dadarﬂ)ftggg_grq é@ tohleAgﬁ more
dE3x. Adapt . Ebo.NP. 2.5 dayS after infection

é‘é‘ﬁzBﬁﬁ%‘éﬁ%"@ u(ﬁu ?s/i‘ﬂlﬁrezfﬁ& PR ergYalftRt o t he
celrli feubt iwre ofafther nd€laviprgtesnt ee delvies fuetisedt ysed size

V&xtch.u;:(&]-r t&rQﬁp( %)epéraéQ)Ql) @Bdaémttggsfgéafmgt her

m nut es. harvest was clarified over a

CI ari gar d¥9" tsélltaﬁﬂr%%bgf@ﬁﬁéﬂ’f‘l“ﬂ'/asbyagéllga?’f]oﬁo;‘lé‘tz two
fodritepn$ 0. @) pbrtim , wSartieet sy purhifaed| and fhugter

%@rc\@ﬁ%eéi"aéo %%'r&nhlé&éﬁ"%u&‘%&:' QJ}‘ér aol:‘?LzQ%Léﬂ&l‘%S {group

concentrat ed tinmes and |af| tered agalnst a

SGREARRT PRY BC%UN&G(F’B‘EFW Prig pie 7.9 byhiise "d?e a‘feG?‘Bd
rmrakehibowdd epbreSpeedrimght. aThiSont esbbedtute defore

iﬂ&i%ﬁ@§ep&gifying and buffer exchanging over a size exclusion
(group separation) column (product C in Fig. 6).

The three purified bulk lots were analysed to determine
purity, infectivity, yield, aggregation and transgene
expression.

SDS—-PAGE and Western analysis is shown in Fig. 7, and shows
that the intact nucleoprotein, as well as NP degradation
products (confirmed by mass spectrometry to be NP degradation
products), are increasingly removed from product A, B and C
respectively.

Reverse phase analysis (RP-HPLC) (Fig. 8) shows that the amount
of intact nucleoprotein, as well as NP degradation product

(eluting at 39 minutes), was reduced by introducing the high
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trans nenbrane pressure (TMP) and a reduction in
perneate flux while the visual appearance of the

WO edosngEse turned to white and | ess transpar enPGCT/EP2005/050739

i ndi cating precipitation of proteins. The second

portion of clarified harvest was concentrated 5 tines
and diafiltrated with 6 DFV of41 .OM NaCl /50 nM TRI' S

pH 7.5 followed by 4 DFV of 0.4 M NaC /50 mM TRI S pH
7sHthyiafélofataiar Stam fein alobikhed® (Gpedrrting) theS%

f i;lrLaJdueetAﬁgt@(}]@ amgrgﬁeéfﬂl%ﬁlt%ef)f@géa@h@{ gsle%& %&L room
col um rs : el yate SO VI e
T BHSROE? CAR CERCTHRTOR AABCY ik Adr (BTN
dndingubbeh axacherigedetioob mivl Naaastﬁovmmi'lelSztcmc.eﬁn% was
dpseskl . (formul ati on buffer) over asize exclusion

col umm ( Sepharose 4 i.n grou arat.i on node
(“frc?é‘&igﬁé XWS&P"CB? P o1 ﬁgj" IR VS Y pf Bt R FASCted
i andFing. aégrél'dma:mnheccpmetd orfowas] Hi wfridet ereduagaimsse 6nd
R 8hod MRG0 MLIRLS PHE: EnbYeditfeoliaf 403,10

hoIIowflber (‘Spectrum) : this is further called t

HHgh Sattr VPSS FrIBETT. %dt R8Egh*thépabr %%‘F%’e%w@f’t
ttueskibowid iderlit®. 65 tm viabeut 800 kD) are |arge

enoug'ia&%?&'@é”o&a%ag@dloé‘lo% 100, KD SRl ORE QL& iBn WOLn

nucl eoprotein coul d be detected |n the perneate and no
rEdlic Spoh D (HESEABEME Bifzen GEFLPT Ve |an vhaes sgEwpepfion
thatr ghenbater cRebsnddy ,witthe sEdEpt BtWaGN doFeotley Gliltered

'I}%fl% TEFo P2 g8 ?ﬁ%oéﬁlﬂlc INGLEASHd N s3HBa5Y) MBY
rove purificafion of the nucleoprotein. W have

UNerREFt bRkt dise EREPHSDr Gr BUPP S FarPPEm) o NP From

atli eveus hisigoal .. Thes hxglRrsabbt vis uspkhaetioithnvdslters
aog_ua'd@fwlcé.lit 'ﬂHr% W0 POFd 10NS 5, ON&, PO g, Ogorm-}]m) to

directly purified and buffer éexchanged to ation
BIFPEFL BT et $io8 %%cff‘ifs,ﬁlé?ﬁe(@?’é%ﬁ%@ﬁar At 9 o) -é3Plim
(prradpete B idonbligat6dn hialleot bestsetomdibr ACTH it iwaSstep

Q" 661 OYET NIt ol s LOPM L EMREL AL F RRT Q6 e exclusion
chromatography step, and may require shorter incubation times
of the virus in the high salt solution, resulting in a
possible savings in process time.

Conclusions: 1. Diafiltration of the clarified harvest to
5 M NaCl is not feasible probably due to precipitation of host
cell proteins. 2. Incubation of highly purified
AdS5dE3x.Adapt.Ebo.NP in 5 M NaCl followed by separation on
Sepharose 4 FF or by filtration though a hydrophilic filater
results in purification of AdS5dE3x.Adapt.Ebo.NP from the Ebola
nucleoprotein. 3. Prolongation of the incubation step from two
hours to overnight results in an even further reduction of

residual nucleoprotein from <5% to <1%. Filtration through
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further purifying and buffer exchanging over a size
excl usi on (group separation) colum (product Cin Fig.

W®2005/08055¢ hr ee purified bul k | ots were anal ysepCT/BP2005/050739

determine purity, infectivity, yield, aggregation and

transgene expression . SDS - PACE and Western anal ysis

is shown in Fig. 7, and shows4i hat the intact

nucl eoprotein, as well as NP degradation products

(eshforbigdlc bid Heers spBctedimst thet el ieA degwbalbidroime to

PGt She Sdne idaGK.€asi ngly renoved from product A B

and C res ectivel ever se phase ancall ISi S gcll?Pb HPL,C
indin

(Fi g. "8)°Sholis Jtshléfeafﬁ lasuURETeY S i A& 2
mu:cit@oplsot sagh aassn\mellbomlsoﬂ‘dﬁn@egﬁaqiatmmleppodtl@in of

(it Rgu 8t %@&%%imnaﬂ@arﬁggyt:&)q)msllngrMla}gtems,
the hi ghsalt diaf iltration step from about 50%

dageraA'9” t'g’ é%%lﬁiﬁ‘bd%%t‘“aély BTt 4PPer dbelshsghe ™
suacmageom prifd¥abllyad ¥ om0l énp ewelfilcetbeh owntdises of

def12ekis0pe | Ly Qfu 1 (product C). Using both
anal ysi s nethods, no effect on viral proteins was

observed. Transgene expression was shown, the
i Bfaagiliev it yTawsi ngnafiFeet etk anid taes afyr edatri ohcocicur.r ed

(Fi . R el 6 QAUGLS; A 2 1B 8NH:i & QdactARPRLEN A 8bctbhein

i ncubation of the reconbinant virus in high salt, even
ﬁ@aﬁﬁﬁﬁt ex%?"o“‘]%‘ttsl Ehtp t‘blfafeﬂe@ﬁl ’f‘fccoé}}i’th‘@H u%‘i‘efrt?ﬁ’lrrﬁses
cual idbysofftdre ivifeusiond ngtecad 106 wird nyaddi ¥iom 1% Triton®

REQl0BNIEH: & NCP L QR W ddh ARS8 &< §H§t§)‘{?ﬁe%ﬂﬁn&gc12 were

si ze exclusion, a virus suspension that was buf

eddrEnged WEPBHONEST R r 8Bt TP Ut e BY kt?s‘i"r?jt was
Quséhl for hythoipHickitéoh i étmyrifmvhkki pac 20)

ngx p%&.L@ﬁ“ Y1 ddbsS £ eg°' ul él%q:lggré MOg&S.aE& Al 13k

fromthe virus (F 9) . This experinent is
r&FeNEEY i 147 )f |aF‘fie13%°‘6frecﬂ°f"Pér ghtcPldr EeBF Fos(pigrgscopic
lrn21y3if), ary wer22fownd su@table as an initial clarification

filter. However the filtrate still looked opalescent.
Millistak DE 30/60 and CE50 were found to be less
suitable for filtering T/B harvest due to loss of virus (20-
45%) . In later fractions the yield increased but the retention
of opalescence decreased, indicating that the filter capacity

was reached.

Several membrane filters were tested to further clarify
the filtrate produced by Clarigard filtration; e.g. Milligard
0.5 pm, 1.2 um and 1.2/0.22 pm, Durapore 0.22 and 0.65 pm,
Lifegard 1.0 and 2.0 pm (all Millipore) and Sartopore-2
0.8/0.45 ym (Sartorius). The Sartopore 2 filter was the only
filter among those tested that had a good retention of the
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determ ne the range of possible pore sizes. A 0.8/0.
45mm Sartopore - 2 conbination is also tested. This

wo dosostsson step may suitably be conbi ned wi t hp@r/EP2005/050739

subsequent size excl usi on chromat ography step, and may
require shorter incubation tines of the virus in the
hi gh salt solution, resulting4¢n a possible savings in
process time. Conclusions: 1 . Diaf iltration of the
coralidfscedchar® sitght gapadd Na Q> 2i0smhHEnd e &S bﬁél pFo Fabligh
d@@yggnyggggipggggﬂ on of host cell proteins.
I ncubati on. of gp%g Eur i fi ed ADS5dE3x

30E

in 5 MRabl2¥o TS e 5?P8ﬁ“%ﬂat§§ P‘o%Jea‘%llflfated
oritdy fMlieksraterorprt holybw af ipedr opHilex. fServatreic fesidrisswere

| e AW kbcatian ce;fheA@@ggiﬂxreg%d@Qte, ﬁb&é&ﬁ’:at;wm&m a 0.45

Ebol a nucl eoprotein. 3 . Prolongation
i HE RPFEFOAS st Eh FP6M {la,omﬂtﬁ”tg}et Sl%?/]errrﬁtﬁﬁttaF%ssLHJtt?bllﬁ for
arhmevrenobuspinesr e.educki bhimfckr e8| dutfegaud| 2opriot.eifvlygard

fd(%nﬁﬁ59%59efge@t 6"hiﬁiiéH}J|1VQVQWQXQYORBELthﬁé'éé%&épore

reduce the required incubation time to obtain
szarfellrt@é'uf’?s "ﬁéen(?é’lyl fitket ggergl BPYYF tERHEE MRt éﬁaél a
apicdl lrendhnipprodt ebasepsledtansenue| leigpr abeansty easggwell as

NUGlieRPL oL el N, :Qfi FRObaY) rus, fromreconbi nant viruses
expr eéssi ng such proteins, by |ncubat| on in at |least 2M

Nadl , AﬁFBP%‘f%bﬂ‘Fsﬁt SKRYEImST R KEEF I35 @il et efdbIhpryest,
Mal‘daa(a ekperpugritfs mabeoaowqﬁ@@esh@frémﬂmhesm-ﬁe sttoha B/T

VHJE#%%% gg@%ﬁﬁﬂ% %o EﬁétiJU$d@EEEer§HH ﬂancgegssgfybpore 2

clarlflcatlon. R. cells were grown in
bﬁ‘c}lt@éc?bYe%m‘ffrynﬁeﬁ?eﬁesr%?eﬂéfﬂét ee%]ﬁéPPﬁ%n‘i‘%C%dtlﬁg to
diHd emeabtt@conbi nant adenoviruses. 2.5 days after

| nf eclbAbe t NG C/MLS YRS £ K380 L *"ctﬁeo/‘}n-'é(:hwé‘ %c)orélng to

100, after 30 m nutes Benzonase (r) (50 unit

MIE 12VRRF P RISTEARY i PAPERF 1™ o Ohpm 3tnd 0. 35
niintees, dhefdrabigst sastdiped Pofildenr,i fiscasedn

experi nents.

Example 5. Generation and purification of different
recombinant adenoviruses.

Various recombinant adenoviruses were purified with methods
according to the present invention. Such viruses can for
instance be generated by homologous recombination in the
packaging cells of a left-end part (sometimes referred to as
‘adapter-plasmid’, useful for easy cloning of the transgene)
and a right-end part of the genome according to methods known
from the art, such as for instance described in EP 0955373, WO
03/104467 and WO 2004/001032. The viruses can be propagated in
packaging cells known from the art, such as for instance 293

cells, PER.C6™ cells (exemplified by cells deposited at the
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Depth filters, e.g. Carigard and Pol ygard had hi gh
recovery (>90% and good renoval of cell debris

W@ 2006/08860pi ¢ anal ysis) , and were found suit abt BER®OR050739

initial clarification filter. However the filtrate

still | ooked opal escent. MIIlistak DE 30/60 and CE50
were found to be less suitable for filtering T/B
harvest due to |l oss of virus (20- 45% . In |ater

fEGACEi onget hreo .y i9€P82 P her empedShpaterdte 5 @0ent 31N ofr

QR @§§§@ﬁecedl%r %§§§stun;quat 588 dhaleihherbh |45 (see us
capaci t%é Sever menbrane filters were
o)

tRESFEG 4??[;r]t6|?ér E?‘é?‘i’?‘ifttlﬁ@ PEI39%5 &°FPBRtREY by
Gdaniogardsés |thaat vene andy.ard phi el Gcbonting o tihmn
%c(l_h%dg/ Qf Zghénpnvep’cl{@rpqrse d@sgglﬁé@' 1Q1 @ﬁlg'néxan{ﬂlf ggar d
. 2.0 mm (all MIIlipore) and Sartorore -

O. 8/0. 45 mm (Sartorius) . The Sartopore 2 fil ter was

tduenonkiyué i witer EapDagi tdseahegéesk t hat had a good
'l 0D, Of ¢ LDRApa! BseRNGR @ high capaci ty (220

as a hi virus yield (>95% . The
chh&r PFP%de'h%ﬁWé‘é’t thast ENPrEPR FHTE arat PIRTHCed wWas
\Ail:rr@hiffliadigw gl yoeraed | ih beactinstulvesng Sewerral; forward
fdadohegs ?@ﬁ%ctc:e%trédcé@ ddd 485 Abe éfcn%"rcré'}@rﬂ %t e’(SEQ ID.

pre era poresi ze, In or der

e £ n%ﬂ1 Ve tat é‘*%ﬁt aﬁlcé" EBh Q4T GREt S@?aﬁ‘cﬁﬁ/TG’e" E;GC AG
Ml [(spacki20,noLi begad brhed BB inBodaiger de Bt Hidmnon
e@&i%;lﬁgpéag frlglcolghgéz[cq'l 131%/eg ?nm cd%g@hgug @e uence for

Sartopore 2 filtér was ter anong those
t°@§t1@altﬁ%%“%langb‘bbtﬁaétlé’ﬁt |(%‘hz<‘1‘9$ Mhéd28pal HsdEree, six
hiughesapasd tpreasdied | tias a@chi ght VA tdiS cptieh erfbxdh®) .
%Irtang!ﬂQ{H(%rheﬁuemgmgl{iemergesll%er9 b‘i{&ng‘al‘éﬂlt h,& 145 930 for

har vest ater experiments have confirned the resul
soeetioraln BPTihar vestrddetdt derg BB 49 37AVent¢dmeactions

WG NBOE LS e i hOROE Lot thrlal T o B VLS NESRY 1 JOR JresHkh§ 10

WI t Igft Qgchrregrqtl?ng%,ag.c;'?rdl ng\lnlprep DNA of VRC6401 (see WO

03/028632), 1.5 units Pwo DNA polymerase, 5 ul 10x PCR buffer,

0.5 ul 20 mM dNTPs using the following conditions: lcycle 5’
94°C, 1’50°c, 4’ 72°C, 5 cycles of 1’ 94°C, 1’50°C, 4’ 72°C, 20
cycles of 17 94°C, 1r62°C, 4’ 72°C, 1 cycle of 1’ 94°C, 1’62°C,
10" 72°C. Subsequently the PCR product of the correct size was
digested with PinA I (Isoschizomer of Age I) and ligated into
the pAdApt™ vector digested with PinA I and Hpa 1. After
ligating the fragment for 2 hours at roomtemperature, 50% of
the mixture was transformed to E. coli DHS50 T1R cells by
heatshock transformation and plated onto LB agar plates

supplemented with 50 ug/ml ampicillin. Twenty colonies were
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the invention. Hence, for the clarification in the
nmet hods according to the invention preferably a

w@ ooubiosiEsé on of O . 8mmand 0.45 mmfilters, pre¢EERNY050739

a Sartopore 2 filter, is used. Exanple 5 . Ceneration

and purification of different reconbi nant

adenovi ruses. Various reconbi4sant adenoviruses were

purified with nmethods according to the present

iivéeti and Stcih vveUSESHhIC &t Boﬂ:hmsmansePﬁmamyameaanxh
0 tj.on h of

béér\p'lf%”?h% Ui g}ggbbm e engé tee&J%%K%gsPﬁg% aogn

-end par netines referred to ap ter
THPESRPH' SPiryddftupsf 88 S@HPRIchPBNERR) n@ﬁmtfﬁetweams@éﬁey
anrd taitt gbd er@’j;@hcpaﬁilﬁécld hetgepor®e aacandi Qg t1I0 a correct

t hods kno fr.o such [ ance
TRt e B8 Ape P o) By G e
Z004¥603032. The viruses can be propagated in
packagi ng cells knowmn fromthe art, such as for

| R0 £oR R Goldase. BER 0001 1) cel s (exenplified by
I's deposited at theECACC under no. 96022940, see US

Gé’ﬁeﬁ?“% ‘9‘9‘2?‘5112‘9) the EPER RYBERRE GA1TE éXpt ejs%}%é‘ El B
5BKcppobed in fwagmardBEf {skeeyUSCRatsinty Gr482rd GPrward 6001

Q@RS EEHCAA @@ G%@”@cé %&@Eb@a@%tr %Q%n%&' 5“ eﬁsé@atm No.

were and are purif accord g he ods
iHventi ﬁ"e‘r“”ssedé%h b%d q9¢ FﬁFs %&é‘??& &TAA%% 6§A " ac
Vd'b h (Ebpl arb.r 1 .t B aNSEEMesaCenenatweore obrpédagt inEbol a

MR hBe-gene o%n%@dltﬂgr,{ﬁe c@ggle? x§§‘;m@}’ﬁ% vAZL 5@ each primer,
nucl eoprotei n was_anp rase_chain

H@ch’?oﬁn%s%f‘ng‘gpwﬁe?% V"F&P%r 6696?46’1? B3/ &7 units
66 O0A FOGRFESETCs GIIC 1(0T{CP@R3oui(ﬁEQ ok - umo M antps

reverse 64 3,
PEERE g R Ry R et T T O B T80, %
GBd@nLﬁcI@a:seerto@ﬁCtlmﬁgct es’ am‘d’ca ZonseEisws1’ 94°c,
SOQYRICE, 1 96 0PI TBL, LrANS) ALl o {2k 1 38 0ot KA Musmery

| dAst” si XY
the PCR product of the correct size was digested with Hind III

and Xba I and ligated into the likewise digested pAdaApt™
vector. After ligating the fragment for 2 hours at
roomtemperature, 50% of the mixture was transformed to E. coli
DH50 T1lR cells by heatshock transformation and plated onto LB
agar plates supplemented with 50 ug/ml ampicillin. Colonies
were picked and grown overnight at 37°C in LB supplemented with
ampicillin. Miniprep DNA was extracted using the Qiagen
miniprep Sp%n kit as described by the manufacturer. After
restriction enzyme analysis with Hind III and Xba I correct
clones were selected and further checked by DNA sequence

analysis.
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nucl eoti des preceding the AUG initiator codon enhance
translation in manmmalian cells. J Mol Biol. 20: 947-

W@ 2®F/081666 di recti onal cloning in pAdApt (tm ( SBET/EP2005/050739

0955373) . PCR reactions were perforned in a Bionetra
Tl or T3 thermal cycler using 10 uM of each priner,
0.75 ul mniprep DNA of VRC64¥1 (see WO 03/028632),
1.5 units Pwo DNA pol ynerase, 5 ul 10x PCR buffer, 0.5
ul 20 mM dNTPs using the follow ng conditions: |cycle

%engﬂ@tlcgn 553.’ Q@dapér ENAG, G@’d@M‘?bﬁSﬂr@: pJ;da;Qé‘rCE:bolalGﬁgTM(S)

C
Seradery 72 et {SeS s o3ich shsdBquen 19 Ehe por
prnoddetg gfnet lod the retetlasispbtvess dlagest edd whidaniGnAu |

Q;Il§@§§m1@_menv19fl f‘g&‘el@tlgﬁdoklgr?é int'emr\@ni_heZQ amJ_no acids
vect or d| este S'p)

APP%r "i‘ RGP Re?T adjhéﬁFdT%Fz’z ﬁB&rEP%“EM(
m@@neem)@rla/t,usese 5086 o0 OheoPBs3 Ve waas tYamst dnnedrAdapt .
. coli DH5a TIR cells by heatshock transformation
%I’ﬁgl Laltoend o&nto Lr%:i_largaar pl at §§l15uu£ep E@Ht d Vc\allvtlhugo
anpi ci'l vverﬁy ¢ol oni'es wer eplc na"g
6\7@?1‘%9@'?113 at 37C in LB supplemented with arrpl CI I | n.
Whai pm@pamawswgﬁ:rﬁg tad hﬂﬁfﬁgrdfnhe ikbagen (?siAabpf &fbola
in t .a SC t.he nuf a Af t
rgst 8 p|1_'or'1%be§z ér%e gﬂél é@dgp\c/vl Oqﬁ Eg&'ﬁl [5%2n %Qggt Ebpla
@BgF%sz)ﬂ owé§ewa%e%é1°eépé@ wwpﬁnéra%méasw h'DNA
ﬁGﬂUEdSkfcﬁmaﬁ'abyﬁbﬁnathﬁlngﬁ..&ﬁi @Ihs@&fld@Ada@rléfib‘?‘: an&P (2)
The codin Ebg e Zair u
PR iy SRORRL [aeiats s L RB RO pr i rer s
PUE(V&d (A B800 1 r { BRsSEAES  AABLCH T1 CROEGEE .- ATG GAC TBP AS¥e EP
GBs3)s( B WDuo M D) oando Povsy 6, 000Ted HooldBly Tiax
AGA TTA CTA AAA GAC AAA TTT gc
PER t¥acti*oHS Hhef ¥ g orfRl $1f é’fBl Bﬁe?‘?‘%f“’ﬂ”&ﬁ ?%”Ofne’ ’
bhesrmiiingcytol eel Uskmgnl detivb@$ wadh apr Eoerinst@@cagdasntibed

2R B9 JPMA30k, VROBOAL (seq YO A3/ 028838), 1.5 units
Ad5dE3x.Adapt.Ebo.NP, AdS5dE3x.Adapt.Ebo.GP(Z),
AdS5dE3x.Adapt.Ebo.GPdTM(S) and AdS5dE3x.Adapt.Ebo.GPAdTM(Z),

rown

respectively. Of course, the transgenes can similarly be
cloned in adenovirus vectors of different serotypes, such as
Ad35, to generate recombinant adenovirus derived from those

serotypes (see e.g. WO 00/70071).

Adenoviruses with Plasmodium transgene

Generation of pAdapt.CS.pFalc and pAdapt535.CS.Pfalc
A codon optimized circumsporozoite (CS) gene of Plasmodium
falciparum was synthesized and cloned into pCR-script

(Stratagene), giving clone 02-659, as described in WO
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Pwo DNA pol ynerase, 5 ul 10x PCR buffer, 0.5 ul 20 nM
dNTPs using the follow ng conditions: 1 cycle 5 94C,

wa2®5@30586 72C, 5 cycles 1' 94C, 1'55C, 4' 72QCROP2005/050739

cycles 1' 94C, 1'64C, 4' 72C, 1 cycle 1' 94C, 1'64C,

10" 72C. Subsequently the PCR product of the correct
size was digested with Hind 90 and Xba | and |igated
into the |ikew se digested pAdApt (tm vector. After
120§47 Phgl § he Theaghesend oas2 choued igtor ebﬁmﬁmdapaﬂepw%

%géow?ltmbmomu{s@% \A@&k tgrealeggemedaft QeEp(ejc@ﬁ}étlyDFBd a )
ce S ea oC r.anst or | ONn an p e
FeRaBR Sy hge 3 P AR L LT, 2R aDdl. PLALET 0900 ana
Cottbnpadanie Mecpp ek ede mmndigesad ovigrnifghd IaII 3h@ BamliBI and

SURRLEMBNt 6 Wi bR . am&a hligBe i M NHY RGN MAS,r 2 nours at
m niprep Spin kit as

extract ed using the n
deStr F%‘%%QW“F%e ?r%gfnﬁ%g‘t"ﬁr BT} é’rasr EERPT RIS to B
132y MPH B0 &t WFS ice 1 Wk T by Hidadt shbbk athnéd¥a riha€osd efid phabes

ver.e | ect ed ! d further c ked .b sequence. . .

anaPyéllgs ga(‘-feﬁerg T on ot e’“ﬁ&f? %bo?gg Eﬁ/ﬁf«%ﬂplgﬁél_m'

@Adaptes Blsolea pCPHFM B)d Slrnfwhawq,n:rashdegt;rnf@d iabo¥e,
ggﬂe&’&‘iéé& %@@hs%@lcﬁinenﬁpﬂgﬁpoﬁh%aé @t@ggké‘d using

es Zaire and Sudan/ @ulu glycoprotern wt
&é‘lee i‘%?re‘bf“lf‘HBr’EP IRIhiEr DOt tak P &ﬁ‘g’;yme

tamamgsesbriane Hdodwi 1T (aGRdXNVEZ) , ccaan@ cBPAdTdMES) were selected
aﬁap@&m/eq! %heéﬁsd%f%ﬁ@sgééw%%)ﬂyme cloned into

apt. Generation reconbl nant adenoviruses wth

EBSP'&’?/H% PASASYERES SPREtpRAapt™ Firadshf d8- WGt PeREm CS
diehtevantgdnrserts {pAtapbwsEboda AR, ipAdapie EHEDOBASGS;

CLLo &éd&%edEQQ' # %’o‘bWo%?i 87 PA%%F&fapt Foo! & GRd,

), were used form reconbi nant adenovi r uses

%&%ﬁ%@%lﬁf Péeanﬁ?%faﬁﬁcaﬁow ePEPIa LR 481D IEPSi ﬁ@f%/‘h%“d
bSHEi&dQ:rf ehet R gstanQVi wgsxwd)%v@/gan@m:(-m:a&gpdm

fgngatging tke r15§ [zﬁ% pgchgfuimpv%é genome has a defétlon
of 1878 bp in the E3 region (Xbal deletion), and was also
digested with PacI. The digested constructs were co-
transfected into PER.C6 cells, such as deposited at the ECACC
under number 96022940. Upon homologous recombination of the
overlapping sequences, recombinant virus named AdS5AE3.CS.Pfalc
was formed.

Recombinant adenovirus serotype 35 with the P.falciparum CS
gene was generated similarly, but now Pacl-digested
pPAdapt535.CS.Pfalc was used for the left-end of the virus
genome, and NotI-digested pWE.Ad35.pIX-rITRAE3 (see WO
2004/001032) was used for the right-end of the virus genome,
and both were transfected into PER-E1B55K producer cells
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0955373) with a deletion of 1878 bp in the E3 region
(Xbal region) was used for the right end of the

w@d®sosissas genone) , according to well known pet/RPmes/050739

such as for instance described in EP 0955373,
resulting in viruses nanmed AJ5dE3x. Adapt. Ebo. NP,
Ad5dE3x. Adapt .Ebo .GP (2), Ad5dE3x. Adapt. Ebo.
GPdTM (S) and Ad5dE3x. Adapt .Ebo .GPdTM (2),
ridgpiey i A PIKOPegurNcss, deleved afrngeAdssStatf disnhhue | geen
e sek oped imuadgaearhiuasa\eequ@@)s Qfpod ﬁsﬁéﬁcmous
seromgP 5 sucg Qﬁ over,l Igenerate ggcog;ocon

SROVTTUS Fefifved fTom FﬁBé 9 SETBYVPES” (5€€ lﬁanwlrus
@m@inéﬂOz?d35AE3AdeneﬂaI¢Jm ibkied aseduusef riansgand also be

E% Qié % %ﬁiag aB;e EGSOQE%“ rcﬂ:%qnpgapﬂé?b%ck@hgg% Cthe

On Optlﬁ]Z Cl rcunspor ozo
Ialdé§ Mot Umir&PcF e tirh WésA§§nt%sfieZ‘é‘81ah%l RIssA®dei ¥R 0
RpERoagstd iguich( Ok Fad e back g M GelhoNen2-ex028ss aShe E1B

B P e B 238 PEee Vi 2004 OGO or
@éﬁé%\‘%@dn of respectlvely . . reconbi nant Ad5 and

hEERAD] Mt AL 3anY B B3 . € 0P 2 ar@sgum&ogecordlng to
Ada t vectors were di %ested with Hnd Il and BanH |

BFREF BY FroRIBT AR 14%%at i ng the fragnent
ror a@dhoiars ah A@ane@tper at th e;heb 0% 9énd hebaient ani e

E@&aﬁ{@éﬁfc%r Bed1d Qi aﬁohaa@'ﬁ:&kﬂoﬁe C&ld %o@étructed
eat shock transformation and plated onto LB agar

BPuELR% % sprEHRRt B Bd CRISEURYISH caRBrLTi1Y |‘F4 esf dritedds:
weie waiced iandugriewn refernedhto ats 8d85ias.LB

suppl emented with anpicillin. Mniprep DNA was

extracted using the Q agen mniprep Spin kit. After
PEEETF L AGROBAZ Y Trey SaTarysT ST iR R ¥1§P 4hG SBscTived
povcesd @Exemplewer &rigel ect esdmIEBX. anbhperEwheeked (hy:

Q&%@ﬁg%ag@ BB st (s ReCRERI AN L agdENaY b sg5otype
with the P.falci parum CS gene was_generat ed as

f\sw%%sl*(dé@é FERCY (8t Ancet e g5 5S4S- The filled and

finished (F&F) products were analysed for purity by reverse
phase and SDS-PAGE and found to be purified near homogeneity
(except for the presence of the Ebola nucleoprotein in the
preparations of the vectors having Ebola nucleoprotein as a
transgene). The amount of residual host cell DNA was measured
by Q-PCR and was below 100 pg DNA/1E1ll VP (as shown in Table
1)

Aggregation was measured by optical density mgasurements at
320 and 260 nm, and also by disc centrifugation. None of the
batches showed aggregation. Potency was shown in all batches
by a VP/IU ratio below 10, and transgene expression was shown

in A549 cells.
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al so described in WO 2004/ 055187). pAdapt .CS. Pfalc
was di gested by Pad restriction enzyne to rel ease the

wO zfo5/08058md portion of the Ad genome. Plasm d pOEEE0F7050739

HI1- rlITRsp DE3 containing the right -end part of the
Ad5 genone has a deletion of 1878 bp in the E3 region
(Xbal deletion) , and was al @ digested with Pad. The

di gested constructs were cotransfected into PER C6

&bkl Sinxlyohiedd depissd tfegmab0t It EERECIeme e rpgbesale: 2L:
9602294h=2yponohponod aaus (hegpnignat:i @8y ofntihe
over | appi ng sequences, reconbinant virus naned

Ad5DE3. CS . Pfal c was forned. Reconbi nant adenovirus

Sepop Ypeb 3RAMSt huthiei R tibal gs pag NG gereangaEs

%98&9&&5&&%@ L@E&Ya at-oBQWePad =5 di gest ed |0'°~0|61|Ot 535
was used ortﬁelet- end of the vi

5550% ceailr}& N6t T g‘iﬂ"@‘eéf‘ea PV B3 520p) 5 ?ﬁl?REE%SJ(%%éJf
WE>200U/x001082) cetls rded Ther cé Hes meght infegrtgdofvitiethe
XhEEScHNQTR, g0tk ROty T WEEe 4 I aNS] ‘icﬁe&aﬁ‘to‘% BER.s

E1B55K producer cells(having E1B- 55K sequences
BEPTVRT I SREAUBESCTES FS1have!l BEEn "aEstrPEd aths
paterdasy 492, 169on XJpon WBADIGGOWS) r @s oddrardbiedniomf

Ehgmsﬁ’eerﬂ a&ﬂb”ﬂ/@%@%‘iswaé eCMIAant 2y 'Je%%r%@&dln

lc was formed. O course, it woul

sramPie ]po§"§FbF%a‘flof’r.eﬁaH@é"?%"e g CBPF%“W& R Fh‘“‘ifhé’Y
baek bhoniemcot Dhes Ad8hotilbustivd ,EdndostisaafucAddy t o

&@QE’fftértedpg §£P$t? led d@%@i’f‘gﬂéo%u%lﬁﬁhéé‘%%s 00'@ D,&dl\]SaCl

Eac ggpssne% I's that express El B protein of
ueh® ER>G6™brT 23 PHel’t 3 (sTéE’ FerosraodssTrnd
AGSPER e rE8 rPtahentancaAd85l BEXCSvelf al €. 4 empAilféxd and

%Q&’écﬂ'o@xﬁl Qh&h«? g@\tr}lggscgiurﬁrh%rp%§§€gf 'p&V%nEhB@uré Lrep

dition, ector wth gene, based
bA@I‘aﬁt 5@%”?“{38. P? dte SRR ant AFSE PELERDIFHE WEs 2 Sart°bmd
toNnsi et gdhahged My 1aedetebtOrhiing Ediamit fotbper

QQP%HéfﬂsﬂgwE%é &ggé%deTﬁg5béund components were eluted with
a gradient from 0 to 1 M NaCl in a TRIS-based buffer. The
elution profile of the charged filter shows an extra peak at
the beginning of the gradient, which is separated from the
Ad35 peak. The Ad35 virus peak elutes from the charged filter
in a sharper peak at a higher salt concentration, 0.44 M NaCl
(start 0.41, end 0.49 M NaCl) compared to the Q-XL resin, 0.39
M NaCl (start 0.19, end 0.53 M NaCl). The eluted fractions
were analysed by SDS-PAGE, HPLC-AEX, disc centrifugation and
TCIDS0.

The extra peak does not behave as intact Ad35 virus particles,

when analysed by HPLC-AEX chromatography and disc
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this vector is further referred to as Ad35.CS. Several
Adenovirus vectors were purified with the descri bed

wpeowsesssd exanple 1, Fig. 4): Ad5dE3x. Adapt .BEOOEERIT0A0739

(2); Ad5dE3x. Adapt. Ebo. GPdTM (S); Ad5dE3x. Adapt

. Ebo. NP, and Ad5dE3x. Adapt .Enpty on a 2 to 20 L
scale. The filled and finished (F&F) products were
anal ysed for purity by reverse phase and SDS - PAGE
asdt fioined tionbéF il edSh@arAdibgéneis i dkeept for
Eﬂﬁorﬁ’i&%%ﬁﬁﬁyofri:!\ﬁoﬁgoEﬁo@ycdrféo&%@El@thé telshets (Fiq.
gé)eparatl ons of the v%ctors havi ng Ebol a nucl eoprot ei n

Partlgehty P g afb R t o WEsPAURT IFdSt 188I FTRGAS
whspreasimsedrbyvi3itRER dhd evascadbeleelw 106 pdpeDblA Fded

}:"E’n(éé c%*}gwatb&ra%@@h%w@ A9 egat ihgR éﬁ@f AE%%S BESHe ¥s. 1n
tical density neasurenents at 320 and nm and

5 o>HyadPset cehtt Pagatioh. 1 NGme Vof V1 r?é‘doé(tIEh%%Pear to be
mhm\mb agyiegariocil pPotency IWas ISHOWIV iandalsk . bak caes
BYe&¥P/1U ratio below 10, and transgene expression

was shown in A549 cells.The final yield ranged from

20- 50% dependent on the scale: 2L: 2 - 26% (n=2), 10
Erom 3hes37 Wi heS)s ,da2@: it cakb%e( eohyludedanpke 6haAglb
PUfidi L %*ahogeyéfa&% a9 E%%&J@%%e £C5f OITRLQQT 3Ry

versus char lters were grown in a

BiFt @Sy alf lJt% %é’?q sgeh’3f €SP cﬂanﬁ%utlﬁ 1 IsEpPgRation

cetlrd mhisThelCaldss Wekely Mec eddetébtdd®yAd35a%S to
g?&ééy tpI r‘ig%/ali\@ E@f—HQQC ﬂtﬁs—i’lkg@yssﬂ'fc a&'ﬁ’ﬂsprotelnhs

pr oduc he Infected cell culture vvastreated W t
Bef7Ultad® B8R TfitoReRk- ali‘%)CFI(SB’/ PrREENod)” &8edER@Sbed
vireanple 1 . The B/ T harvest was clarified as
described in exanple 1 . The clarified harvest was
concentrated 5 tines by TFF (using a 0.05 mm hol | ow
fiber), and subsequently diafiltered against 10 di af
iltration volunes of 0.1 M Nad,
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0.05% PS80, 50 mM Tris pH 7.5... The concentrated and
diafiltered retentate was filtered over a 0.45 um

w0 2dosesossand | oaded onto the capturing col umm BCT/EP2005/050739

filter. As a capture step a Q- XL colum (3 ml
colum, 15 cm bedheight) or a Sartobind 75 filter
(charged filter containing arsisoni ¢ groups, Sartorius)
were tested. The bound conponents were eluted with a
gradient fromO to 1 MNaC in a TRIS -based buffer.
The elution profile of the charged filter shows an

Ihoe ey nF +ha ~r o ”hl eh I g—

¢h UIIL,
Thgz 39 Vi rys,peak
| roaa shar nﬁrndaaak at

extrg peak—at—thebegimming—of
separtated fromthe Ad3§ ngake ng HC
eT it ¢s froMeckerchar gedmg\.j,‘t,@r laEDﬂAQP

hi ghg

or salt concentratli on,

0. 44 M Aac

(start 0.41,

end

. 49 MdNa@l/yaconpd

\r edr /B0 1

eo(a1 X[

r esla0E+0039

Mo.

78

@QB&EBX Oadpt .end

0 53 M

e PO, i 52

fractli ons-GRsiTd 4hnl yvsed by SDY -

cent  AFHAGEEX AAtamtd EPCl D5Q; /o The| eyt @ peak; deesinot 0.06

behate as int™t Ad35!virus pa ticles,| when anal VS

y 4Py édf’d%@(ﬁﬂp&nﬁ%qr apy and disccent ré faogation | 0.07

Aradhyg

11\ Al v af + hea
\"‘.:4

Aa‘3aE3)ﬁ"}§¢%‘é hEmF(_ afat yo. s—of—+th

chr anmt
o uIiTTat Ugl Cl'.ll_y

fraacfions s | | &iTng r eSut®s (Fi@90E2}1 [[n 0.04

towamount g of

e ast s P uHE; 'EHQU” TUNS o 0T _VETY
p,{ rorﬂ t*slﬁé““é%arcedo-05

priot ¢i ns are.nt si bl e. [Th&/8xtria Be%@(

TIJ { ¢AdCHE DA R@LaBbSIOWS, SOME ﬁt
r'ot @i ns..gdeaATMhesextr a peBa{k vilra

a]g’ﬁ 32 vV 0.08

tlei NS L

Vig anddwik3agpeart .Ebobe g gSi ng 0v\@gg,l e V'J%IOEQES?t eilnsy go

1 111, -[G7ddud(BR. 55k are oresent Fromt hese
sis @9853i€Scan e EfAcludel- 5}331“ clball§Bd1t | tler@-12

TaRLS diaReORchioal O roe PR T Gt FREAdEaYfogt cell DNA in
parifidepulrhsamp@Xbysepharoisgy caRNDIBE 44 an®/T harvest

REpRsAL '1‘%% RGEHE St LIS Wb b3 Py bi keby NAlaRE. see
det ect ed assays to assess puri ty | ke RP-HPLC or

PRl Ors?ﬁE‘%ﬂa’? | proteins
2 hours | Overnight
1 M NaCl | - -
2 M NaCl | -~
3 M NaCl | +/- +
5 M NaCl | + ++
Table 2: NP removal at different ionic strength and after

different incubation times. See example 3 for details.
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present in the extra peak are also present in the
intact virion.Table 1 : Reduction of the anmount of

w0 sws/deoase host cell DNA in purified bul k sanpl BsI/bB2005/050739

reversing the T/B to a B/ T harvest nethod. The harvest
was purified on a 2-20 L scale. See exanple 1 for
details. 2 hours Overnight 1sMNaCll - - 2 MNad - + 3
MNaCl +/- +5 MNaC + ++ Table 2 : NP renoval at
different ionic strengdfREENTEALESTING fferent
i ncubation tinmes. See exanple 3 for details. SEQUENCE
5L§I hg%;g%9> %RUCELL HOLLAND B .V . Weggenman, M randa
corven, Em '€ <120> VI RUS PURI FI CATI ON METHODS
<130>eﬁfﬁﬁ“VWfﬁ5’CRD <160> 4 <170> Patentln version
3,2 <PIOSFV<PINS 30 <212> DNA <213> Artificial <220>
%9’15"3 mer fornard 8401 <400> 1 gcaccggt gc
gi@bd?ﬁga?o?gfcgtcctc a 31 <210> ? <211> 26

<170> PatentIn version 3.2

<210> 1

<211> 30

<212> DNA

<213> Artificial

<220>

<223> primer forward 6401

<400> 1

gcaccggtgc cgccatggat tctcgtccte a 31

<210> 2

<211> 26

<212> DNA

<213> Artificial

<220>

<223> primer reverse 6401

<400> 2

gcgctagctc actgatgatg ttgcag 26

<210> 3

<211> 29

<212> DNA

<213> Artificial

<220>

<223> primer forward 6001

<400> 3

cccaagcttg ccgccatggg cgtta cagg 29

<210> 4

<211> 29

<212> DNA

<213> Artificial
<220>



<212> DNA <213> Artificial <220> <223> priner reverse
6401 <400> 2 gcgctagctc actgatgatg ttgcag 26 <?10> 3
WE23m8@S% <212> DNA <213> Artificial <220> <228CT/pP100&050739
forward 6001 <400> 3 ccoaagcttg ccgccatggg cgtta cagg
29 <210> 4 <211> 29 <212> DNA <213> Artificial
<220><223> prinmer reverse 60046 <400> 4 ggct ct agat
tact aaaaga caaatttgc 9CLAIMS A nethod for the
pldf f ieigei 677°6F *a°irus froma host cell, said nethod
cUPPri¢sing in the given order the steps of: a) .
cuttetasphgpohwstsacerdtssthat are infected with a vifus, b
) addi ng nucl ease to the cell culture, and c) |ysing
5 said host cells to provide a |ysate conprising the
virus. A nethod according to claim1, said nethod
further
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conprising: d) clarification of the |ysate. A nethod
according to claiml or claim2, said nethod further

wa@eoupnsssag: e) further purifying the virus w PET/AP2005/050739

| east one chromatography step. A nethod according to
any one of clainms 1- 3, wherein said virus is a
reconbi nant adenovirus. A netbod according to any one
of clains 1- 4, wherein the nuclease of step b ) is
Benzonase. A net hod accor di 8BAIMS any one of clains 1-

5, whef gidtndleRos) e auxsilfmgaénﬁl hast Gehls drdm a host
performed wth a detecgg:lo . A nmet hod accordi n%

cl ai m B uh PP T HY USCEPEERt T SPTHPE oR S BBPR™ Pthe steps
nmet hodefaccording to any one of clains 2- 7, wherein

Step d&)Q&Hﬂ%hk§§? ﬁ%ﬁ%'&eﬁh£t£ﬁ§£‘Q}eagﬁfé%¥ﬂﬁf%ﬁ%h a virus,
filtration according to claim@8, wherein the

nenbr ate afc}dllf‘ﬁa’t"‘ﬂ%:\’faalsf pér Fof n%eijlluﬁuﬁlju%\e'c&?ﬁ’i nati on

of 0. S&miladng. 45idhdsit] tel s ﬂbIﬁﬁbh@dea&(ﬂMsﬂthcbmprlsing
any ong,of, ;cl.@inms 3- 9, wherein prior to step e) the
clarified Iysate is subjected to ultrafiltration

and/or diaf iltration. A nethod according to claim 10,
whe? ei m ntdwdoal actdrdeichgl yeateatdhat, isai8ulggeidedutonet af

i traté%glglgchanged agai nst a sol ution conprising

0.8- 2.0 M Na preferably about 1 M NaC, or another
salt PHoAlaragl Rt eiuiofaltbat IySHic strength. A met hod
according to any one of clainms 4- 11, wherein step e)

conpr 'z§%%t%@hogcc?a&ﬁcﬁ%%g%ocgié’{ﬁ?tlo%agm(m 2, said method
further comprising:
e) further purifying the virus with at least one

chromatography step.

4. A method according to any one of claims 1-3, wherein said

virus is a recombinant adenovirus.

5. A method according to any one of claims 1-4, wherein the

nuclease of step b) is Benzonase.

6. A method according to any one of claims 1-5, wherein step
c) of lysing the host cells is performed with a

detergent.

7. A method according to claim 6, wherein the detergent is

Triton-X100.



A nmet hod according to claim 12, wherein said anion
exchange chromat ography is perfornmed using a charged

wo pdos@80560NMPri Si ng ani on exchange groups. A NMePCDEP2005/050739
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according to any one of clainms 4- 13, wherein step e)
conpri ses size exclusion chromatography. A nethod
according to any one of clainss4- 14, wherein step e)
conprises: e,i) anion exchange chromat ography, and

e, i B) ZimethodchaspodichiromatpgepPf. ALPREHGH Tacwbedeiny step
to cl ahm donprWRes ehdbtn e il XL Ul &h GOt AbbAthd B8 1tration.
reconbi nant adenovirus is buffer exchanged with a
solution conprising at least 2 M NaCl, or another salt

pr o9i da neetdrde gurvad B tioonilalrst&,em@bheinbethnewmsaame
steps PIl@Qa'tQGn%Qh@é’k&%rﬁ@&%@l&graa%)ﬁbﬁﬂ&l%#%f 0.8um and
exclu5|on chronatograp y . A process according to any

one of °ct%ifPs TA2t9%° - wherein the buffers used in steps

d ) and subsequent steps are free.of detergent,

”E‘QWS'A“H«‘JUh%El' QSCM@U%%%, Ae”%tthQaLPJ sué‘? wherein

puritfication of a virus that 1s capable of |ysing host
cel | s, P tRefRBRI Yoripei ST TR Jvepseofs Sypiected to
cul t urmng:al'fdsttreeiéxs aOErpri 8iafi saiatt ivht us capabl e of

| ysing host cells, b ) harvesting virus follow ng

their release into culture fluid wi thout addition of
an ekt &t MAthPYsfscetingr Foch HE t1dri YBETEHP tHh4t caarified
nucl eapgsdte addedid uhieceslit s elibefioreaOb9h afs thehanged

host cglls.dhag begmn s %sggmpﬁygmdgfgr tpﬁ‘%a%&‘)dii%f&rhbly

of a virus conprising a nucleic acid sequence codi ng
for a HAtedpMotetir 67 A RERMDITHAGPECTEVET Py 8@“1"‘3]9“
conpr i g kheesg|ps of :

12. A method according to any one of claims 4-11, wherein

step e) comprises anion exchange chromatography.

13. A method according to claim 12, wherein said anion
exchange chromatography is performed using a charged

filter comprising anion exchange groups.

14. A method according to any one of claims 4-13, wherein

step e) comprises size exclusion chromatography.

15. A method according to any one of claims 4-14, wherein
step e) comprises:
e,i) anion exchange chromatography, and

e,ii) size exclusion chromatography.
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a) culturing host cells that have been infected with
said virus, b ) subjecting said culture of host cells

W@ 0up08ssag said virus to lysis of the host ceP¢BEPMO5/050739

provide a |ysate conprising said virus, c) subjecting
the virus to anion exchange chromat ography,
characterized in that after asd on exchange
chromat ography the virus containing m xture is buffer
exchangediagihtd asedrdingn teopprimsildy aheredstthe Nikgage

or anoé&&fai%élnlg %@Wéﬁoﬁﬁi%‘n@%ﬁe\ﬁ%b@%s i.:PJ\ibQ;foEEe&g&fhnged
and/or with a solution co at least 1%o

) . ri si ng f a
dot er GBI PASRLCTON SCRBFAPME (1 CPAPT 40" NAfdr ofh FHREReT
Vi rus oIt @rpivadimg xruequi sa beftf donéxchargathat bbeestn said

once WA o3$0LH] 0N CRAREL SEVh @l ob8ashy Jad¥ NACL, Q1 usion
anot her salt providing an equivalent ionic strength. A

net hod™HEEGTHaPREPYY claim 19 or clai m 20, wherein said
virus is a reconbi nant adenovirus . A nethod according

to apy 0080t 6l LB at952L, WPrglnosalth hRanerENagis cin
fever virus is Ebolavirus. A rethod according to any

one ofthg &fEer9-used ipharerth YaitddsarRrT BT CoftpFRrees e

at | eastecl oF HbdNaftdentor magod divimchabl ips caridlisngrase.

equi val ent ionic strength. A method according to claim

23, wherein said solution conprises at |least 2 M Nad ,

or Hhotth&@etsaft for dnedPry! Girddnrvafedtvinin shat is capable
st rengifh.1yAingt hedk aeqasdi s8id ethadntddprishieget e Sfichs

sol uti conprises at least 3 M NaCl, or another salt
provi di ng an equival ent ionic strength. A method

accor dInGULEUEI2F hoPS, cRhe? FIREasdrgotaid o rednpiradds of
about Lys¥niatbst ate1amot her salt provi ding an

b) harvesting virus following their release into culture
fluid without addition of an external 1lysis factor,
characterized in that a nuclease is added to the culture

before 95% of the host cells has been lysed.

19. A method for the production of a virus comprising a
nucleic acid sequence coding for a nucleoprotein of a
heamorrhagic fever virus, comprising the steps of:

a) culturing host cells that have been infected with said
virus,

b) subjecting said culture of host cells comprising said
virus to lysis of the host cells to provide a lysate
comprising said virus,

c) subjecting the virus to anion exchange chromatography,
characterized in that after anion exchange chromatography

the virus containing mixture is buffer exchanged with a



equi val ent ionic strength. A method according to any
one of clains 19- 26, further conprising filtering the

WO 0088866t ai ni ng m xture that is buffer excharge®P2005/050739
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through a hydrophilic filter with a pore size of 1.2
mmor |ess. A nethod according to claim 27, wherein
said pore size is about 0.45 mm or about 0.22 mMm . A
nmet hod according to any one of clains 19-28, further
conpr i s?hiFisabrenpf hginchatvileast comt drfl ngomiaogher salt

t hat I&M&% sm%mdem Sbife &GbU§tAMand/or with a
chr onat olg_;ap y. d for renmovin ree adenovi rus

pr ot ei H¥ 116M SOV‘%E’o?ftﬂgngﬁt 1anovi Pis? pPer%titon,

conprising the step of: subjecting a reconbi nant

adepgVig lﬁ%t%@pééééf&%g%@%hémgwf I @B BAENAM YS rus
proteins to a charged filter that contains anion

exchantf GHodpg miRC R HEAPAEEDE fXTG2PEeL| i mMeggt once with
wher ei @ sdiut ipecosdp Niarihgadendedstusd Pr Bpar atdromnother salt

conpr 'dﬁfgaéu%ﬁﬁbgﬁ Oé‘cPulB;aﬁ%BQ”PM@é“stQ@ﬁgQ}Y frus . A

nmet ho cording to claim 30 or claim 31, wherein said
reconbi nant adenovirus is an Ad35 recomnbi nant
adenbVix ussthod according to claim 19 or claim 20, wherein said

virus is a recombinant adenovirus.

22. A method according to any one of claims 19-21, wherein

said heamorrhagic fever virus is Ebolavirus.

23. A method according to any one of claims 20-22, wherein
said solution comprises at least 1.5 M NaCl, or another

salt providing an equivalent ionic strength.

24. A method according to claim 23, wherein said solution
comprises at least 2 M NaCl, or another salt providing an

equivalent ionic strength.

25. A method according to claim 24, wherein said solution
comprises at least 3 M NaCl, or another salt providing an

equivalent iocnic strength.

26. A method according to claim 25, wherein said solution
comprises about 5 M NaCl, or another salt providing an

equivalent ionic strength.
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27. A method according to any one of claims 19-26, further
comprising filtering the virus containing mixture that is
buffer exchanged through a hydrophilic filter with a pore

size of 1.2 pm or less.

28. A method according to claim 27, wherein said pore size

is about 0.45 pm or about 0.22 pm.

29. A method according to any one of claims 19-28, further
comprising subjecting the virus containing mixture that

is buffer exchanged to size exclusion chromatography.

30. A method for removing free adenovirus proteins from a
recombinant adenovirus preparation, comprising the step
of: subjecting a recombinant adenovirus preparation
comprising free adenovirus proteins to a charged filter

that contains anion exchange groups.

31. A method according to claim 30, wherein said recombinant
adenovirus preparation comprises a subgroup B recombinant

adenovirus.

32. A method according to claim 30 or claim 31, wherein said

recombinant adenovirus is an Ad35 recombinant adenovirus.



