WO 98/ 26048 PCT/ US97/ 22134
METHODS FOR PURI FYI NG VIRUSES 5 . BACKGROUND OF THE
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tovards a) subjecting the virus preparation to anion-exchange
chromatography, wherein the virus is eluted from an anion-exchange
chromatographic medium; and

25 b) subjecting the virus product of step a to size exclusion
chromatography, wherein the virus is eluted from a size exclusion
chromatographic medium. The virus preparation can be a cell lysate, which can
be filtered before step A. The virus can be recombinant adenovirus, such as

- ACNS53 (disclosed in WO 85/11984).

30 The anion exchange medium can comprise diethylaminoethyl
groups on a cross-linked agarose, cellulose, polyacrylamide or polystyrene
backbone, such as FRACTOGELT-DEAE. The size-exclusion medium can
comprise a cross-linked polysaccharide, and may be a composite of cross-linked
agarose and dextran. An exemplary size exclusion medium is Superdex-200.

35 The anion exchange chromatographic medium can be extensively washed
before application of the virus preparation.

The size-exclusion medium can be provided in a column prepared
as a salt gradient decreasing in ionic strength from the top of the column towards



the bottom the top of the colum having a buffer having an ionic strength
substantially identical to that of the product of step a.
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The anion-exchange-resin is preferably washed extensively before
loading the virus preparation to remove preservatives such as sodium azide and
30 ethanol, and other extraneous materials, by washing the column with about 5 to
10 column volumes of a basic solution such as 50 mM NaOH/1 M NaCl, followed
by about 5 to 10 column volumes of a neutralizing solution such as 50 mM HCI/1
M NaCl, followed by about 5 to 30 volumes of loading and/or elution buffers.
Optionally, the column is washed with a buffer of lower salt concentration than the
35 loading and/or elution buffer before washing with loading and/or elution buffer.
Typically, a preparation of virus such as a cell lysate is loaded onto
the chromatographic medium in a buffered solution of about pH 7.0 - 8.5, with a
salt concentration of about 100-360 mM. The salt is typically NaCl. In some
2



-enbodi nents other buffers such as phosphate or Tris are used. Contam nants
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Exenpl ary varj a an ontrols rovi abI es Il and |1
3 Slze-exclusmn chromatograp as use herem is intended to inciude gel
filtration chromatography. A particularly preferred size-exclusion medium is that
sold under the trade name "Superdex 200"; see the Pharmacia Catalog, 1996,
30 pages 338-339, code no. 17-1043-01 (bulk), or 17-1069-01 or 17-1071-01 (pre-
packed columns). Since a group separation of virus from impurities of lower
molecular weight is achieved, the loading volume of starting materials from the
anion-exchange pool can be relatively large, e.g., up to 20%, more preferably
15%, of the bed volume.
35 Exemplary materials for the practice of the anion-exchange and size
exclusion chromatographic steps of the invention are provided in Table |.

Exemplary variables and controls are provided in Tables li and 1.
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Table ll:

Purification Procedure

In-process Control and Operating Variables for the Anion-Exchange
Chromatography '

Variable

Recommended Value

All procedures

Temperature

4-12°C

Equilibration
1) NaOH/NaCl

2) HCI/NaCl

3) Buffer A

Volume

Volume

Volume

Flow rate

pH of effluent

pH of effluent

pH of effluent

< 5 em/min.

5 column volumes
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6 column volumes

8.0

10 column volumes
equivalent to Buffer A £0.2 pH
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Fiow rate
Conducti

<5 cm/min
20-30 mS

ivity of the feed
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vol yme, e.g. 10 t o, mbodiment of the invention, the virus is loaded from the
anion-exchange pool onto a size-exclusion column. In some embodiments, the
column is prepared with a salt gradient decreasing in ionic strength from the top
towards the bottom of the column. After loading, the virus moves down through
the salt gradient (since the virus is preferentially not adsorbed by the resin) and
10 the gentle change in ionic strength avoids damage to the virus. After overtaking
the salt gradient, the virus is eluted in a low-salt (e.g. 0-200 mM NaCl) buffer.
Such low salt buffers include, but are not limited to, formulations for long term
storage or administration to patients.
In some embodiments, glycerol is added to the chromatographic
15 buffers, such as elution buffer, or to the pooled fractions containing virus.
Typically the glycerol is present in a final concentration of 5-20%, more typically
10%. Thus, in some embodiments, glycerol is present in all solutions throughout
the process. In further embodiments, other excipients, such as about 2-16%
sucrose, may be used in place of the glycerol.
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Step Procedure Typical Range Preferred values
Step () | Equilibrate the column | 100 to 150 mM NaClt 130 mM NaCl
with the low salt bufier
Step (ii) ' | Generate salt gradient | (100-150) to (400-500) | 130 to 450 mM
at top of column mM NaCl; NaCl; '
10 to 20% bed volume | 15% bed volume
Step (iii) | Load the DEAE-pool 10 to 20% bed volume }15% bed volume
onto the column. '
Step (iv) i Elute the adenovirus | 400 to 500 mM NaCl 450 mM NaCl
with high-salt solution :
Step (v) | Complete the elution of | 400 to 500 mM NaCl 450 mM NaCl
the Virus.

25 The purification method of the present invention is suitable for
scaling-up (or scaling down) and for large-scale containment. Suitable
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of the igpgiaRkedgnvention are anenable to a wde range . P%:mls%i/z"zi’ﬁes’
i ncluding but not limted to adenoviruses, pox viruses, iridoviruses,

her pes -vi ruses, papovaviruses, paranmyxoviruses, ,orthonyxaqviruses, '

r et roviﬁ"Q‘s‘@é‘,’r n SH@ql'B?ﬁ\W?‘hEBQWnTﬂéh?i%%@% berused apd falipwed de onbi nant

Vi 1 usescorit] theWirlis ahddsrevent biobaidois situationes soe! Ea HBicdaterg i ne

stral ns,,. . and. $s0.0n. . . . Thu . . ar

* cconbi MiStpPGIRHIGE) angl Biamesiigal Laboratorge's Srd EXGL MY pWENRER 0LV, 1

i nvent i and McKiansg, UghiRepariment of blealthiand Humarp8eryieesirpublishbeddoyt then no.

WO 95/ ; i : i RS neyk ral -

vector 1(}%@%6 rfﬁ}?P'es(? a&? %%?t(';%l ar-ld tHéﬁﬁ%ﬂﬁgﬁg@%ﬁﬁ%%ﬁ ogrl aphy onngﬁgEPIg'col umm.

For t hid.S.tGevemmentiRyinting @fficey May 1993, opagat ed i n 293 ki dney cel | s,

har ves: Edi and fSUWhéQﬁ@MoHQ deHg@ﬂ%téﬁt irﬂténﬂglg are an&en&tgléfléid Widt! tsiige Ehe

concentrate is frozen and stare about .-20[err] C.until, use, rozen

concentpaBises, i i sot e Aderioviiuegh. Rk SirjAes, HoRYyees.) m

fil teahéﬂpes&ﬂrusesppdppva\xiiu&tsobatamym\épmest octhoajxoy iere$,oreamuu$e_§,0- ?ﬁo
. S - . u n the

mgamt%rg?gp yirses. ?Rb%l{ulggF g&eﬁé&gﬁ?&%hﬂ%ﬁmywrﬁ%s, bLPBSn 'ﬂﬁcﬁﬂﬂ

second &ltnigal isolatescritenugtatbvaceine syeins, angd gauenfi ed by si ze-

excl usi on chromat I W HBn ri hons 25

cont ai ni ng, vi rus, gggeg@gr???pﬁ:gy@ﬁ e?}SG .0 _@ego én%ﬁ%ﬁﬁ?"‘%r@%%‘& ed

fracti of@h be purifiegrRy the method optie Mveation ik V&G@hd’@id{%qio for whi ch

i's t henpEil patentlappiddtion no. WO bbroole@a.a 0.2 [errmfilter and stored at
Virus jn act ogel pool

bout - 20 C. . he. - F
?raggbe un[ste ;L} e dlnthefiststep, the ’\9“45@65’8"8‘("%' VRS We'écﬂwgﬁd;%\f PBRMGf  sal t
(?bZUtl ésmhangel\ﬁﬁb)natbgramymreadBEAEyccﬂgmn. o arctbis; dble ivinusds dypitgliyor st or ed
a - . .

R act i FOPapatedn. 88 ey SRS Hbpiod tarid L biegtad to concentration and,

peak asultrafiratione dThs cepesniratgris Ajazenangt stoprdpbabeut -2056: watil yacocessi ng.
This 11 EenconaRiiale ISMhanie, cldrifled b fiRatioN 1aiilarpa 8.45 bt e the <1 ¢
Theh) t raandustivity of the Pezraraion seuste o ahout 2502360 10 NaGhAngh) and’ st or ed
at abougubjétieer to] DEAEh¢hriomatogragstsy. c8olutiohs used ihithe cstromm?]rabhyta?d

I n Tabl I, The increase in purity of the ACN53
adenovi'f%%a\}%(-:{:{agr‘e g\t each step of the purification nmethod can be

fol | oned by Resoulrcthezegand stepe theAgiN6 adenoviral vector is purified by size-
113 14%%°;3?'9".&*sz. A v ;ﬁg‘@??ﬁd@%dﬁ%ﬁ neet and
setdnd S 6!%'5%&'&5 re idenfified Ry Aaeg OF Aze0 eQ)pdy Eﬁe'e@Pr FRANS,
et hodscondituteteasirfiddsbulk ACNES sdentiviral YédtbeWhich s thetdfiltered sterle31: 1
Lor 11 kol o4 8 P and ForekPA QSGRL 29, U i Fesults From the higr
Alerr]/ Al err] nm Zhe vigisdhdbe DEAE-kractbged poohimayrbe hastaive daedgithehi c
pool's.  Brdsehicgbf o high ctnlcdritrBfidh ot sak (dbSi £ M NaCl). It is preferably
30 processed immediately or stored at 4-12°C for not more than about 24 hours.
Fractions of the elution profile showing the ACN53 adenoviral vector
peak as determined by Aygq or Axgg are pooled for further processing. The size-
exclusion pool is filtered through a 0.2 um filter. This ﬁ-ltrate, the final purified bulk
ACNS53 adenoviral vector, is then transferred into sterile plastic bottles (e.g.
35 Teflon) and stored at about -20°C. The in-process controls for this step are listed
in Table 11l _
The increase in purity of the ACNS3 adenoviral vector at each step
of the purification method can be followed by Resource Q HPLC (see Huyghe et
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i ght scattering ratio of about 0.22 -0.30: 1. The
follow ng Exanples serve to illustrate the present invention. The
sel ect edvQ 826948 and hosts and other naterials, the conceRCEAISPURIF 10
reagents, the tenperatures, and the values of other variables are only to

ggﬁg})hg eHﬂP(IY&rﬁ G%ﬁl Oﬁgéf_ﬁﬁy' MR8 (NOvembeP $995Y, Pped 4081141874k Br f4oB)t to be
EXPER NERTOMa uings In e’ ffst ahd yecepd hremategraphicReds indlsfovi rus
(1)  Awonitored dyaspectiscopin: methgds, ‘(hJEAEaraQiemsi@ena)uo of Aggo/Aggpis 1.23 A

EFQEeﬁlﬁ?@ﬁé‘?&?%%@i‘%@@m“ﬁ (igaering it WTW&E

f 013 owseplggular weight ¢f the \GEUSo'sriemvﬁéi rom theyraliee e R ANndds g‘s«@ of |
Buf f er é@eﬁ%gﬁnﬁ?d}gpﬁe clﬂ?roﬁféto%@ﬂh'?@ﬁb&% Burificd, @Mev\)lr@ﬁéﬁﬁfes @%gw godi um

phosph low rate of 2 cnimn. ed for
this cdﬂgbhﬁcmlﬁﬂefatlﬁbﬁf abyh B22-083051.0f frozen crude virus sol ution,

V\gl Cht was thawed Tﬁ@ %mfmhg @)@dn;ﬂbé@eﬂha fo muéﬁa{eﬁlgfe] ;t)rese?t lerérlﬁhbﬁne and
? hjatJ Soﬁq’&ﬁ?l@fﬁaﬂs qu{grsf %’é‘gg\%ﬁ% ?%%gh?rdﬂ?@r 'Fﬁsegﬁ%lcﬁﬁﬁéétlf %O'T gﬁear f1 ow rat e

of 1 2¥eagemisiitte tethperatlinesnandtheaaluss ofi athedv@iablesfar8aoinfyeto A. The col umm

was th eﬁHE r (identi cal

t o Buf g@‘?“l?“é&ce t{ilfeh %@s@ﬁt %Véﬁa@%\/\égééﬁgwﬁbu{? a{nagél’ urmtft\%abs&el uted with
30 B. chﬁidﬁreﬂdmtatwﬁdﬂ‘@fﬁofrom 94% Buffer A/ 6%Buffer B to 100%
Buffer B. Fractions containing substanti al VI rus were pooled to form

the feed ("DEAE pool") for g (2)

| socratic Size-Exclusion Oﬁn@%@\ﬂkgﬁd& EM§ 200)

Sirs exxl USIMQﬂmmt@m mmnvwfsA@d\dmsed on a Superdex 200 col umm
(Phar maci a) q?": ‘_ , .”g 5 MNaCH, 1 B.V.

of Herr]O ‘ ] w-‘ Trvgel [err], 2% (w v)
sucrose, 50 3 5 ArB\EAEeEMB lﬁra@tqg%ltﬁéOM cglurrmﬁ Merck).ISMewcmL ovas at e of

0.6 C”ﬁﬁ‘b cluTmf‘ra{é‘c%ﬂ[glg 5 bed olhes '(Bg/ PBf 6%OMEJN??H P@@ﬁ\lﬁ@@k olltved P?decj

onto t I near ow rate

of 0.6 &R\rigfO. tMﬁG'dn%M/\Nﬁg %ﬂ’&ﬁtm&o B.V. of BuyfferA (@62 mMd¥at, 2passed
t m@ugrmm Mgll),e2%)] (mﬂv):smfro*se,eso anid sndmmcpho”épbate alusH 7.5) at a linear

5. 107 edfoveratg, at BT, 2 fo R s Uoffinp was def e oAt Hrs it HozeBlny |

e.g., Imssde virais saibation, E\ﬂhloﬂ\ wids theasved) micRffiltered through a 0.45 §3)

I:S)a: Lt i on %neql éd Eﬁfd stéd W\h@%ﬁﬁlt%g%r ac g1| tpoo ort%lcilvﬁ)? %\Ng!s S?r: ;ed

with oftoahmfr Buifer A. Thedeedwas lpasiedsmiathe salumm phadipear ﬂowmater of1 2 nM
Mg [ erdn/miR 7o THE E818ifhn Was washed with 4 B.V. of Buffer A. The column was then

washed with 8 B.V. of 94% Buffer A / 6% Buffer B (identical to Buffer A except that
NaCl was 600 mM). The column was eluted with 30 B.V. of a linear gradient from
94% Buffer A / 6% Buffer B to 100% Buffer B. Fractions containing substantial
virus were pooled to form the feed ("DEAE pool") for the following column.

30 .
(2) Isocratic Size-Exclusion Chromatography (Superdex-200)
Size exclusion chromatography was performed on a Superdex-200
column (Pharmacia), 5 x 73 cm, pre-equilibrated with 0.5 B.V. 0.5 M NaOH, 1 B.V.
of H,0, and 2 B.V. of Buffer C (130 mM NaCl, 2 mM MgCl,, 2% (w/v) sucrose, 50
35 mM sodium phosphate at pH 7.5) at a linear flow rate of 0.6 cm/min. The feed
consisting of 220 mil of DEAE pool was loaded onto the column. ACN53 was
eluted with Buffer C at a linear flow rate of 0.6 cm/min. Fractions with substantial
virus were pooled, passed through a 0.2 ¢ microfilter and stored. The virus
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NaCl (0.8 m) and imediately placed in a quartz cuvette and nmeasured for
absor bangg adneg® and 320 nmon a UV spectroneter equipped with a 10

phot odi ode array. Wthout renoval of the sanple fromthe cﬁ&ﬂsg’mtl%

r eadi ng t ed a -2 mnute intervals over a 5-mnute period.
[ he sanqaptiaf® Gah B Hoid 2 g PR g o BL P P31 coretoraly alaboid t hai
peri od,4C)eor if that vdlarie is small, &-y3tésoblaniaibbut B8smi Yrdzehl & Sggecei t her

i socratic or salt-gradient size-exclusion chromat ography. If the _
rati o of A[err]/A[err]_ [ ncreased rmre t han about 4% during 15 that period,
t hen that DEE&-Salt = S 2 Chromatggraphynt si ze- excl usi on

chrgmat ography to r g\éﬁ @,E&Idﬁﬂe (b) Salt-G adient
Si ze- Excl usi on Chgcz A sal t-gradi ent
chr omat ogr aphy wa$ ﬁé?EgErééctﬂQQi POghQ-fiénd) was rmxed with @ha buffe cm x 60 cm

pr e- equedngistingedf 50 niMOsdgliBn\phasphaké, NHO7.5,12 BN MgCl,tH29 sucrose apd 2 B. V.

f Buff d h t H8.0 130.mMM NaCl, 2mMV Cl 2,
AT 25 Y O T T I MR o méasUreRdar
gr adl enabsorbemd® @YPBOf dret 32D tnmm DR0&ARUEpectrémetst edippstd withok os phat e, pH

aphP e Bl s WMl vBliova o i e tg&@"?ﬁ%@%fe Aot o

DEAE powas trﬁaeatﬁdcat 1-2 minute indervalsoveroy 5-mirste wasiodhdfitHeomdiedofont o t he
col unm Aggdy/RbiY welsVéubBtAialig 'coRstint during that p8Rad, mbﬁ%&ﬁbﬁf@é 0.6 cnfmn.

Fr actlons WI substantial virus_eluting in or near e void vol ume
ver e poolastegslpoal was syjtahle forseithen 'ﬁ@?"r@@lchflﬁaéﬁ'gr@déﬁfﬁt%zez-@xalusmn

80[ err ]chroiﬁ‘gnolgtangyyl lethe ratio 6Mgﬁjﬂﬁzgdﬁmcﬁa§edj mékethidn abbup4%iduﬁn§4 1. 30
cal.e, Pur nov Ani on
Ex&ﬁanga;‘g'gg:ﬁ M%Agr]:ractoge? ool r fequrfr‘?é’ ?#'BSW'%”%'ZEWWW e from

t he ferdﬁnﬂ:ﬂ‘togmmuydorlmmyhey@d was thawed and filtered through a
0.45 [err] m hydrophilic Durapore nmenbrane in a 35 M1 1ipore 10" Opticap

capsule. The filtrate was collected in a closed tank To mnimze
| osses, the filtetb)&al d bion byl of buffer J-1 (50

"™ Sodi um phosphahesditbrdient Aol MISAHpHY kb BbHiEned rs.gaga
Chy6T 1 At 6% ¥ KO %%eareisuq%w ”Fg? qh%ﬁégmf%% eg -3 4
chl4 C}rl(ow)d 231;“” o8 Buffep @0t mM sodiupt phbspiate! p HtSEOWP@oWLIgé P'lé?%{Madd' ng
% ed.sol ution was
RS 512R 4R, drminbciobly ko B WAy W) DEME Rob s o1 Vs
cm ' bed gradlemiélragmmosa?Buﬁbr Bt Vo0 %nBYffer B{(20wM suditredphosphaef plar J- 1 (50
nM sodig|0) 450 mmheachat rnwkhdc@s 2%@&%@}3& @%Cﬁ‘\ﬁ&%ﬁ’ﬁ»q)&fah@é@%%' um

igrl dg éjf; (\év/v sucrose he Adenhovirus bi nion
and §fdey1280ca)umpe The e%p@mslst}ng)pf 20 dnhkofa DBAE tpoo thatibedir i t i es
paSS t Hallod thé BBove testwadtHéditioariR@lonto the column and eluted with Buffer D at

a linear flow rate of 0.6 cm/min. Fractions with substantial virus eluting in or near

the void volume were pooled, passed through a sterilizing filter and stored at —

80°C. The step yield was 60% and the Agsg/Asgg ratio was 0.24:1.

30

B. Large-Scale Purification of Adenovirus

(1)  Anion Exchange Chromatography
The frozen vial concentrate from the fermentation and recovery step

was thawed and filtered through a 0.45 pm hydrophilic Durapore membrane in a
35  Millipore 10" Opticap capsule. The filtrate was collected in a closed tank. To
| minimize losses, the filter cartridge was washed with about 1.5 L of buffer J-1 (50 -
mM sodium phosphate pH 7.5, 265 mM sodium chloride, 2 mM magnesium
chloride, 2% (w/v) sucrose) supplemented with 5.4% (w/w) of solution J-3 4M
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charge. The colum was initially washed wth 4 bed vol unes of buffer J-1
foll owed by a second isocratic wash of 8 bed vol unes of 94% buffer J-1 and
6% 10 WMEFA604B.- 2 (50 nM sodi um phosphate pH 7.5, 600 nM Borfusswaiddor i de,
2 MM magnesiumchloride, 2% (wv) sucrose) to renove additional

| mpur i tgoemmwﬁonde Thé §&lt bBACEHtvatRsh of BVd mrrate:wlaeraumttaa by #ddiagd vol ume
denovi'r eéak of the

I O % puf f
ol Ut o BToRTVEoLE @heeﬂnf {1 sgtitm CRISadB Tris eRCediffon nas BeRca r or
furt herapplieddes Reactdgel EMDpIBE@rEasseMtcthmn 1% cm diatneteer He. Brugn padanet er s

f th ' L n Table V.
Tabi e iohy S7BYEL B0 Vel pLBroRRARaa WuPhdter 41 SUT Sfan, o ©
Exchandihasphatepbly7. 5pR65 mM sabiuomehleride; 2 rnMrmgaﬁsum chioride, 2%k Huly)

el Oht suehsdyl {15 AdehidURus binds Y &l drfloh GRclaAGE ok, whefBHatRY o
Eqw | i dpalarity, of meod;a a%ﬁfqﬁ,cegtr@purmgg pass lfl'rrou‘g;h(;marﬁorl,umn in the spLer "]

Vol une char e. The column wag hﬁ‘ellwmslded witts4 bed volumes of buffer J-1
pH of Ral':fp egtby a secong %Ofr%tm Wlaﬁﬁfoef Hed vbilirids of 94%-Biffer J-1 and 6%

Fl ow

Cohﬂ;Jctbuﬁerw-zf(scheNFmﬂummathe pH 7%46001mM sodium chloride, 2 mMFI owI Rat e
2 cmm o 4 Co urm
Vol urme rﬂagnes%n ghipride, 2% (w/v) sucrose) to ll_:%/r‘h'ovggaddltlonal impurities. Thg

Vol ume Virus was eluted from thg colimnwitha 3@daed volume linegyngradient from 6% to

Fl ow Re{§oe buffer J-2. The aderidViflisipeak of the-elution profile as determined by Vol unme
30 Golu 02\&53 Tlected arid p6bledToPRiBtr ﬁ%cessmﬁ‘ggﬁre in-procesg controls

Peak ar
(215 Sanckopsedting parafetersforghe@nion exchange chromatogrdpitey BlepFaféool was

applied i at Super dex- 200 si ze excl usion colum (14 cm
di anet e?dmm? Hb?aﬁ?gh 11.9 L bed volune) pre- 5 equilibrated with
buffer K-1 (20 mM sodi um phosphat e pH 8.0, 100 nM sodi um chloride, 2

hi , 2
m???”ﬁ&i'a"’rc o -Blocesddthtiol S T ﬁréﬂé Q ¥Fthe’ Hibﬁd Wi t

Alerr] A --__J._eJ:__e_..!s_:__5-&_‘:)_-_10 hr Q n- 0Qrapn

PEL f ggbggylwﬁﬁéamemﬁnﬁearﬁ 8@ Béd't@lgrﬁob?elrﬁ%ed\'@bﬁh’ie i npuri ti es
Purification Procedure Parameter |Value '
All Procedures Temperature 3t09°C
Equilibration Flow Rate 4 cm/min

Volume 22 Column Volumes

pH of Effluent Equal to Buffer J-1 (7.4)
Load Flow Rate 1 cm/min

Conduciivity of the Feed {28.2 mS
Wash 1 Flow Rate 2 cm/min

Volume 4 Column Volumes.
Wash 2 Flow Rate 2 cm/min

Volume 8 Column Volumes
Elution Flow Rate 2 cm/min

Volume 30 Column Volumes
Fraction Selection A280 Peak area

20
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10 product. The in-process controls and operating paraneters for the size

exclusio romat ogr aphy step are sunmari zed in Table Tabl e
098/26(3%0 grapny P 3

Vi: In- rocess0 ntrol and Operating Paraneters for the Sf}ﬁélgng%?zl}s?on

Chr omat ogr aphy Colum size: 14 cmdianeter, 77 cm bed height, 11.9 L

bed  vol une Purification Procedure Par anet er Val ue

Al'l Procedur Size Extiugien @hroenatography 3to 9 [err]C

Equilibratio

. The Déﬂégpg?%suwl@a Mediaﬁ)elﬁgocef;%uwrdex-zoo size

Vol une

Fl ow Rabrclusion column (14 cmcdiameter, M7ncm bed height, 11.9 L bed volume) pre-

Vol
Conc¢ent
Rat e

area 15

Super de¥Vas0eR

Dur apor exohahge aad(
car,ied o

sevl

al

e . I | .
egpiliprated with buffet, KLA‘E é%(; ?TnLIQigs&ﬁuM %élﬂg‘#f@ﬁH 8.0, 100 mM sodium.
chloride, 2 mM magnesium,chigride, 2% (W/v) sucrose). The column was elu
1.5 Col with Bioifemié-1. The ddeaoviros psakafttheelution pdile as determined by Asgy Peak

llasted @Rt Rogled; diis Anfrm

u

poduct. The,

O[err]

u

el r

C.

cont ai ners.

el o
une

Filtrati .
atography step,achisias 8 hfier
&éfmrhﬁuw of lbwimplecajaraveight impiijtiesr frén fHel adenayvirusas

i

o535 Lolgrorg Bf dpieflfing PafriuiBReidithe dick R
pool ed ahtbmatography sterdrd summarizasl iy Eable VI

of bul k drug substance in solution were frozen in a
bath and stored at about

es were

dry ice/ et hanol
publ i ¢

patent dJ@ble Vit i orla-Rioces 5 i ame} 1 the Exclusion o t he
same extent as if CROMaIR publication or 25 pat ent application
was spf Tty —amnd g ' * '
r ef er en&zolumn size: 14 cm cm bed height, 11.
Modi fi g ﬁdrﬂ@tiéﬁqatb%éﬂﬁi'é ons | plaraiigter Nventi on W lliyahge apparent to
Pl 7 A NP AR
const r Yy ablationt ed 5t hel Piow Rate 0.43 cm/min
Volume 2.3 Column Volume
Load Flow Rate 0.43 cm/min
Volume <0.09 Column Volumes.
Concentration 2.7 Aggg/mL
Elution Flow Rate 0.43 cm.min
Volume 1.5 Column Volume
Fraction Selection A280 Peak area

15

20

25

(3)

Final 0.2 um Filtration :

The Superdex 200-pool was filtered through a 0.2 um hydrophilic
Durapore membrane (Stericup, Millipore) at 2 to 15°C. This step was carried out
under sterile conditions in a biosafety cabinet. Because several filtration devices
were used, the individual filtrates were pooied and then aliquoted into autoclaved
containers. The containers of bulk drug substance in solution were frozen ina
dry ice/ethanol bath and stored at about -20°C.

All publications and patent applications cited herein are
incorporated by reference to the same extent as if each individual publication or
patent application was specifically and individually indicated to be incorporated

by reference.

1
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VWHAT IS CLAI MED | S:

WO 98/26048 PCTNUS97122134

Modifications and variations of this invention will be apparent to
those skilled in the art. The specific embodiments described herein are offered -
by way of example only, and the invention is not to be construed as limited
thereby. '
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1. A met hod for puri ficati-on-of “a virus “piéb-ar ation, conprising the
successiyg oghédag Of SheetHaSB I@gpla&ubj ecting togyusbrhsisd

preparation to anion- exchang'éhls ography, wherein the virus is
eluted from am anion-exchange “m““\ ogr aphi c ""

b) - subjmwm Vi rus step a tor]m,mrmlni ”I’I ”m
excl usi on chr omat ogr aphy, V\/nerel nthe virus is eluted frdm & stze*excl usi on

\%/ger ei ﬁh{ ﬁrem t/??lrgpglr gpéﬁﬁ%ﬁﬁ?ﬁ for pyrifigation of a vu%|s )Prgpémlorﬁeéct}ﬂgnghgd al m 1,

The nethod of clai m 2, apsebjecting the vsus proparadionstofanioarexchaager e
step a chromatographyaggﬁ(gé}llnrtil}g VTI‘%% iR f?émcéﬁhg]o%-e%,ma{ i) the virus is a

reconbi na ’ ) t hod of claim
1, wherahiramategraphic madiv®; @Rdmedi um i s provided in a col um

prepared as a salt grag) @urﬁedmmmvms EhdmlwsﬁéﬁAﬁgtdﬁze exclusionr-om t he

top of col um having a

bu f or GMACGRPAYAE eg%lpéﬂewuguﬁiga%ﬁ efacrmf Bae DR o ' nat of ¢he

pr oductchrbriziiographiic medium. : The nmethod of claiml
Eelnthe virus i s ACN53. . The method of claim 1,

wherei n the ani on exchange 30 chr omat o?‘r aphl c mediumis extensively

washed before app2i cat The methodeofidliains 1, whereinghe yinustpreparation is a cell

8. Aygétgys purified by the nethod of claim1.

13

3. The method of claim 2, wherein the cell lysate is filtered
15 before step a. |

4, The method of claim 1, wherein the virus is a recombinant
adenovirus.

20 5. . The method of claim 1, wherein the size-exclusion medium is

provided in a column prepared as a salt gradient decreasing in ionic strength

from the top of the column towards the bottom, the top of the column having a

buffer having an ionic strength substantially identical to that of the product of

step a.

25 '
6.  The method of claim 1 wherein the virus is ACN53.

7. The method of claim 1, wherein the anion exchange
chromatographic medium is extensively washed before application of the virus

30 preparation.

8. A virus purified by the method of claim 1.

13

THIS SHEET HAS BEEN
REPLACED




