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" VECTORS HAVI NG PROTEINS WH CH BI ND EI ALI C ACI D This work was supported, in

part, by tunding by the national | oI C2! (e PoR A e oS

| NVENTI ON Gene therapy vectors based on*zteno- associ ated virus (AA
serotype 2 wavsoisserer ged as being preferred for achi evi ngPGEEIp/s096
.transduction following in vivo admnistration. However, while stability of
transgene expression was inpressive, its 10 efficiency often was not.

Basi c research and conmerci al devel opnent of vectors based on i_gw ype 2
has been enhangETHOD IF QR PURIFIIATHIONOF MRAKh MERRQRP 4 INGRBRE or

purification. W\ l.ap of other AAV serotype vectors has flowed
the need for M'E@S{iéwgmr@fé@gl on of such vectors. One such vector, AAV
serotype 5 15 (AAV5) has energed as a useful vector. To date, however,

purification of AAV5 based vectors required cesiu l orji.de. (CsCl 2).
sedi ment ati on, si ncEhif wodowas syprorisilyin park &y qdlqlgjmit@ﬁﬂggalt}gsz ‘gtﬁssogd for

purification of; ANVBso Bx&h7s7 Ol TR G ehibnt Saf hdVe ce@@NEEHIE MGhisnot scal abl e,
and yields preparations that are heavily contam nated wth cellular

proteins. 20 Wmtntione needed are net hods of purification for AAV5-based
vectors which are rapid and may be readily scal ed-up for use in
production. SUMVARY OF THE | NVENTI ON The present invention provides a rapid

nmet hod for identifying and pBACKBRQUNRIOPAWE INUENWGHN viral vectors from
(r:nl;![ E:lrjr :is S fand other %(e)chutthelerggys ve(i:(t)orr]st t?a:sgci Qngad%r?g-gsggggted-\?ipu% (RRK}? Eergtly;r)eai have
emerged as being preferred for achieving stable transduction following in vivo
administration. However, while stability of transgene expression was impressive, its
10 efficiency often was not.

Basic research and commercial development of vectors based on serotype 2
has been enhanced with the development of chromatographic methods for
purification. With the development of other AAV serotype vectors has flowed the
need for methods of purification of such vectors. One such vector, AAV serotype 5

15 (AAVS5) has emerged as a useful vector. To date, however, purification of AAVS5
based vectors required cesium chloride (CsCl,) sedimentation, since it does not bind
heparin which has been used for purification of AAV2. CsCl, sedimentation is time
consuming, not scalable, and yields preparations that are heavily contaminated with
cellular proteins.

20 What are needed are methods of purification for AAV5-based vectors whi.ch

are rapid and may be readily scaled-up for use in production.

SUMMARY OF THE INVENTION
The present invention provides a rapid method for identifying and purifying
25 AAV4 and AAVS viral vectors from cultures and other solutions containing cellular

and other viral materials.
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0 8 FEB 2006 WO 03/014367 PCT/ US02/ 25096 Thus, in one aspect, the invention
" provides a nethod for isolating a construct which has a capsid (or

envel ope) protein with a binding site for sialic acid. TheDr ?@1% of the
invention is particularly well suited fromisolating const Bt Bnt ai ni ng
adeno- assoGyghsehsydrr us (AAV) serotype 4 (AAV4) or AAV serpirygeezmsoss ( AAVS)
capsid proteins. The nethod involves contacting the solution containing the
- AAV4 or AAV5 with sialic acid which has been linked to a solid support.
Thus, the construct having a capsid protein having a binding site for

sialic acid is sel ek Vifbe aspetdNBe MVeritioR plivitlet £ mehbe fdriidokicly FROREULe. I N a
preferred enbodi nent, the nmethod of the invention involves allowng a 10

mi xture whi ch whigh hasecapsié (oxayvalepey prateirovithuibindingpitector siglee asleThei nked to a
solid support, : I l.eqt | muci n-1i nked
support. Ther 'ggﬂ} %é&?wﬁ@%ﬁgﬁ&%&%&\@g lli/{\gils%ggg? %g?%ér%\g/tgﬁﬁateri al from
the m xture whtgnieinisg adeno-asspeiated vicad (WA V) cerotypt ¢ (AAF4)RICAAY Is¢rnfypel5 suppor t .

I n anot her_aspect, the inventi rqvides a kit useful .for separatjng AAV4
or 18" ARV coMEhY SHcHB PP o e ReBA TS ap e e R i it SERRTRGhS
containing a sglivid or QUBPPR{th Bl 294 WHiEh RaslbeelBitked RAL R1i@ sugpdrtSThid, t@not her
aspect, the invention provides a kit useful for detecting the presence of

AAV4A or AAV5 i epnatriit biving @ eepsid pngs¢in hadughbiadikg sitedonsialicrasidds sedactively suppor t
havi ng a nol ecyl e .conprising.sialjc acid |linked thereto and a reagent which
20 permits vi sﬁ%"dﬁétrﬁgecsﬁ?‘tsﬁ%gfﬁ’"gf*‘af’ﬁﬂll%f sai d AAV4 or AAV5 to the

ol ecul e. ~ Still otherpréfempaidniboditibnd dheandtiaios tif intdndopinesieetallowitgnt i on wi | |
be readil apparent fromthe foll ow ng detailed, description of the

i nvent i on!0 DETHItEE whishorntains tiq AoV teEontack anein wiiciihas beea Siakad 19 Aseit i on

provi des a net of .50 ati G| WETR ving surface
proteins whi ch%g?a{%'i ﬂ‘éégr&f ?/]Eté%]\(/:l%s%iglaegﬁ}ggg’%k%@hg}ﬁhggqﬁvhg@?&éﬁv& by

usi ng muci n at Therkaftr,ttie wlid olppdrtsuyypbed to riRaomswadteral fromghespixtiiré Wbighlisy bound

\r/:agg\s/gf sbKi gLrbénQQpegirﬁcéll}cb%B% to1Re }’n\llu;[:ipl-li{f}ker?iI sggposr@l t solution efficiently

In another aspect, the invention provides a kit useful for separating AAV4 or
15 AAVS5 comprising a liquid chromatography column or a So_lution containing a solid
support having mucin linked thereto.

In still another aspect, the invention provides a kit useful for detecting the
presence of AAV4 or AAVS5 in a biological sample. Such a kit contains a solid
support having a molecule comprising sialic acid linked thereto and a reagent which

20 permits visual detection of binding of said AAV4 or AAVS5 to the molecule.

Still other aspects and advantages of the present invention will be readily

apparent from the following detailed description of the invention.

DETAILED DESCRIPTION OF THE INVENTION |
The present invention provides a method for isolation and detection of viruses
25 having surface proteins which specifically bind sialic acid (such as AAV4 or AAVS)
by using mucin attached to a solid support. Removal of the specifically bound
viruses by elution or incubation with a high salt solution efficiently recovers highly
active viruses of greater purity than is achieved with CsCl, sedimentation. The

isolated viruses are highly infectious and purer than those isolated using conventional
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active viruses of greater purity than is achieved with CsCl 2 sedi nentati on.
" The isolated viruses are highly infectious and purer than those isol ated
usi ng conventional 2 08 FEB 2006 WO 03/014367 PCT/ US02/25096 CsCl 2
gradients. In addition, this technique is fast, does not redqurg® zgggeci al

equi prent  apd (RNsPe easily scal ed-up. These are i rrportanlgcﬁﬁg,%ggttggri stics
C 0

‘for production of high-quality viruses to be used from ben edsi de.
The invention further provides kits useful for isolation and detection of
viruses using the nmethods 5 described herein, which utilize a single step

affinity col umpstppraRishis’ LEAIRRA, tﬁﬁ%ck@ﬁ&eﬁgysp aoégfn.?_%ligélgl'e s gc%lor s and,

optionally, a visually detectable mar systém a ot her aspects
of the inventi eqripment dedeanibbeakily scatketupi [Thésemed impofeant clidracedristics fdar get s The
met hod of the | nveqti o?gf;gg_qﬁ%rt icul ar |. suited seﬁgr atign and 10

vae 1 K eEh o st eiodedisey BRiRigen 5 capsi d

i sol ation of vPISFUPRE

proteins or AAVheESovidakit uSHRTordsdMtRdh@hddetecliBf of IMBEL QL thamembgaund that
t hese AAV _serqtypes can be readily separated fromthe materials found in

the cul tur®s i Aesirbediheraim ddichyiibizaresingls sepnfbeincstingyfor puifisslioni and of their
capsids to spegiitd ] Lal | i n he ot her
materials (e. g.g%ééégﬁ:ot*égr?w%%fggﬁ’lgéﬁd\?%@éfQ%P%Pedle{r%‘%&? %{Jaﬁ%s- ib'yr#efh hel per-free
production cul t ur esThese antlher aspacts oSthe mivéritiva lateydekdribeld Bi datailhemedn.d.

Simlarly, the nmethod of the invention is useful for separation and

i solation of AAV4 or AAV5 capsid proteins from hel per-dependent production
cul tures, as @dgn@g/tiornupaqgetsAAV I, and the other cellular materials found
in such cultures do not specifically bind sialic acid. 20 In addition, the
met hod of the i nvenfheonethedofshesiovention saditicyladpptli sdted for sppardtiohead i on of any

Vi ruses engapsi . . envel oped in a protein Lch contains. binding
sites for lgi al ?Sgﬁggl cc)ﬁ;"giravetcg)rsg? e ceRRis Sogpossy 8%%‘&3*3’&?}%!’8 RSt BPFIBi ndi ng
sites for siabi AA¥GemtypEdicamsibprpleins. The vdntorbRave &G ibat thegkex Atvood t hat
viral vectors _cont aini gﬁg %myrreri c capsid or envel ope proteins, e.g., those
cont ai ni ng por §ITRMRES GAN BEreadilyseRartgdoirom e amatesiglsi foungrip theichltyms eviHeve sialic
aci d binding StHe@Svinés a¥d préluced by the ability of their capsids to specifically bind 2,3-sialic

acid. In contrast, the other materials (e.g., cellular and other viral proteins) found in
15 helper-free production cultures for AAV do not specifically bind sialic acid.
Similarly, the method of the invention is useful for separation and isolation of AAV4
or AAVS5 capsid proteins from helper-dependent production cultures, as
adenoviruses, AAV1, and the other cellular materials found in such cultures do not
specifically bind sialic acid.
20 In addition, the method of the invention may also be readily applied to
purification of any viruses encapsidated or enveloped in a protein which contains
‘binding sites for sialic acid, or to other types of proteins which contain binding sites
for sialic acid. For éxample, it will be readily understood that viral vectors
containing chimeric capsid or envelope proteins, e.g., those containing portions of
25 AAVS and/or AAV4 capsid protein which have sialic acid binding sites, or viral
vectors pseudotyped in an AAV4, AAVS or chimeric capsid, can be detected,
separated and isolated according to the invention. Still other viral vectors, chimeric
proteins, or protein fragments may be separated, isolated, and/or purified according to

the invention. Given the information provided herein, it is well within the ability of
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vectors pseudotyped in an AAV4, AAV5 or chineric capsid, can be detected,
" separated and isolated according to the invention. Still other viral
vectors, chinmeric proteins, or protein fragnents nay be s@p&erEBezooe

i solated, and/or purified according to the invention. Gven the '

i nformati ogygdsayisged herein, it is well within the abilipgr/o$0283068 FEB

. 2006 WD 03/014367 PCT/ US02/ 25096 one of skill in the art to determ ne
whet her a sel ected capsid protein or other protein specifically binds to
sialic acid. For convenience throughout this specification, these viral
vectors (e.g.,ond8fekilhincthddMo)desntline wWhetherfarseleetedcapyiti ipedieih avethdripnateing Si t es
specific for siallc acj g as. descri pbed herein, are teémed "purification
targets". 5 Sisaw%caazfvw- t9rvialiF AsifgF orspRYeniencs thieyghoyithisispecitiation, diess ¢

i nvention, one;QfviiREed!, AAV4 A1V 86 BineSprbRNs Reich BaWhdhd g1 y o
indirectly (e.g., via a suitable I'inKer) to a solid support, as defined
herein. Al t er rspedificefoy sialid agld as dascritiedcleneim erefteumed “purifisaticir targely”. of

prot ei naceous and 10 chem cal nol ecul es which can be bound (directly or

i ndirectl to a solid support. Such nol ecules may be obtained froma
variety of natgisa acidydHidifingGmolé@g@mbi nant or ot her suitable methods. An
exanpl e of a proteinaceous nol ecule containing sialic acid is nucin. Micin
is a mammal i an pr ofFer weepr he present invertionyepe of moestalia afid meleclen @y 8¢ her
secretions 1 - i ' O 1Shianl i i f mucin
proteins are %ﬁg%&lééﬁgy ingg&k)%tlf ggé%ﬂ?%g%dsng%}é?l%é{ﬁgggre&&% &g%%lg%:%hﬁgosi tions
of the invent iherein. Ahltenatixtly\sidli acidfcampmfemidsin afvarierg ofowimacepheandnol ecul es

whi ch i iali ' b dil,y.. ili.zed, 0. dl S J,
ot 5l Vol i Grciates Ttenian BEBotor et sriRTep gt o sdiddupntba
pol ynor phi ¢ epduch gloledlilesMay Be oblaindd fRim a AR of 20fral, 1paB&ic( A8HBihang@r Si ddi qui

J, et al., Isolation and sequencing of a c coding for the human DF3 .
breast car ci noteer auitebleimateafilsant i gen. Proc. Natl. Acad. Sci. USA 85: 2320

(1999) b1 0020 OyModnb sk Bt Beaf AL P B3R 2 €0 et
al ternative anvioéin i mammaliah.prédeialpresent in saliva, intestinal juice and other secretions
15 that is highly enriched in sialic acid. A variety of mucin proteins are known and may
be readily used in the methods and compositions of the invention. Alternatively,
fragments of mucins or other molecules which contain sialic acid may be readily
utilized. See, e.g., Gendler S J, et al. Molecular cloning and expression of human
tumor-associated polymorphic epithelial mucin. J. Biol. Chem. 265: 15286 (1990);
20 Siddiqui J, et al., Isolation and sequencing of a cDNA coding for the human DF3
breast carcinoma-associated antigen. Proc. Natl. Acad. Sci. USA 85: 2320 (1988),
Ligtenberg M J L, et al., Episialin, a carcinoma-associated mucin, is generated by a
polymorphic gene encoding splice variénts with alternative amino termini. J. Biol.
Chem. 265: 5573 (1990) pancreas; Gum J R, et al, Molecular cloning of cDNAS |
25 derived from a novel human intestinal mucin gene. Biochem. Biophys. Res. Commun.
171: 407 (1990); small intestine, Gum J R, et al., Molecular cloning of human
intestinal mucin cDNAs. Sequence analysis and evidence for genetic polymorphism.
J. Biol. Chem. 264: 6480 (1989); Gum J R, et al., Molecular cloning of cDNAS

derived from a novel human intestinal mucin gene. Biochem. Biophys. Res. Commun.

30 171: 407 (1990); and bronchoepithelial cell mucin, Porchet N, et al, Molecular
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Chem 265: 5573 (1990) pancreas; GumJ R, et al, Ml ecular cloning of cDNAS

~ 25 derived froma novel human intestinal mucin gene. Bi ochem Bi ophys. Res.
Commun. 171: 407 (1990); snall intestine, GumJ R et al. m

cloning of human intestinal nmucin cDNAs. Sequence anal ysi s ang ence

for genetic polynorphism J. Biol. Chem 264: 6480 (1989 R, et
al ., Ml ecwaos/mhisni ng of cDNAS derived froma novel r‘r))ﬁﬁml?ﬁz?%eigtﬂ nal

“muci n gene. Biochem Biophys. Res. Commun. 30 171: 407 (1990), and
bronchoepithelial cell mucin, Porchet N, et al, Mlecular 4 0 8 FEB 200 WO
03/ 014367 PCT/ US02/ 25096 cl oni ng and chr ormsomal | ocal i of. a novel
human t r acheo- deningéridghrampspmal lophgation af am%@m%@@?ﬁ%f?%b@ PEd" sequences

O 45 base bl oSO Koo TEen RO s €3, A By

Sequences for ns ma variety of conputer databases,
i ncl udi ng Geankcambui?ubS/m:lA (m;eﬁmndmcmfhemuﬁnmay prsobteayedfeonbayr i f| ed from

nat ural sources, produced reconbi na ene |1
Cheni cal synt heiey cffcomppierfatabases,dng %‘l%m(r" th q{]ﬂ%&%&h?}(?ﬁ%gﬁ%{%ﬁa’ or ot her
peptides afe mﬁhtlngﬁgﬂetéﬂlﬂeﬁ%ﬁf fatur@ 46 itcasprofided Bkolnbikatlys aitgendratedh of -

al pha- amiho groups l'igan, et al., Current Protocols in
| munol ogy, Wk)exyheﬂl@alllynt erscience, 1991, Un| t 9). Alternatively, peptides

can al so be synthes | 1. K ReQIi ARy nt hesi s
net hods (Merri fi eI ejmca%rY"t%?gr%\Pe gig, pﬁm@é@l‘%@ f%gg%%t Stewart and Young,
Solid Phase Pepépti@@s Y Weh RAdwn (nﬁnsaﬁmh asasoormém@wtecm@rs@f)alm 27-62) .
Al ternatively, a chem cal nplecule ma tili ai ns one or

15 nore siali camiiogronms<SeeSoliganess af- é‘f”"c”ﬁ r‘tfq’mcé’fzﬁ%ﬁé{f’mﬁ‘%ﬂ?%mqs attached
to a sol | q8nsﬁzrﬂgr5&encknl95?tU @t %Fen?a}t]lbﬁf NRbiidS carfal el sPntBesRRAObY theor use in

purificati em’ca erwse nodified to contain one, and
preferably nor evetlikaawmmjgd phagd feptideagntbiesisonethdds §Mesifieht. i4at. (e ¥ moi et i es

Ot her - sui 1 abl o SBEURHCHRPORERALAC LA DRt Fop e yhefls BRURIEanond of
Francisco, 1969) pp. 27-62).
Alternatively, a chemical molecule may be utilized which contains one or
| 15 more sialic acid moieties, such that the chemical molecule is attached to a solid
support. In yet another alternative, a solid support for use in purification may be
chemically or otherwise modified to contain one, and preferably more than one, sialic
acid moieties. Such sialic acid moieties may be directly linked to the solid support,
e.g., by a covalent bond or other suitable bound which withstands binding of the
20 sialic acid to the purification target and removal of non-specifically bound materials.
Alternatively, the sialic acid moieties may be indirectly linked to the solid support,
e.g., by a moiety which facilitates binding of the sialic acid to the support. Sucha
moiety may be a protein, a chemical moiety, or another suitable linker.
Desirably, the solid support and/or the molecule containing sialic acid
25 contains 2,3-O-sialic acid and 2,3-N-sialic acid, or more than one of either or both
moieties. A solid support (and/or molecule containing sialic acid) contains one or
more 2,3-O-sialic acid moieties, is particularly well suited for use when the
purification target is derived from AAV4. In still another embodiment, a solid

support (and/or molecule containing sialic acid) which contains one or more 2,3-N-




20-sialic acid to the purification target and renoval of non-specifically

" bound materials. Alternatively, the sialic acid noieties may be indirectly
linked to the solid support, e.g., by a noiety which facaiéikgtmbi ndi ng

of the sialic acid to the support. Such a nviety may be a 5 t , a

chemi cal j anot her suitable l'inker. Desirably, bheyus@ldshsSupport
and/ or thgwrr‘gf)yé(gﬁ% containing sialic acid 25 contains 2, 3-0-si z;l ic acid

and 2,3-N-sialic acid, or nore than one of either or both npieties. A
solid support (and/or nolecule containing sialic acid) contains one or

nore 2, 3-0-si al:J I L s €4 [ 7! ' Btigise when
the purifi cata%l%% a’? gr@%ﬁ%?%@?ﬂ?@g w??(%ﬁr%egxé\ﬂgé ?O%M{gH ?l?mgﬁtg?lﬁg@ telnbodi ment ,

a solid suppoierivédfidhadyAVibl ecul e cont ai ni ng sialic aci d) which contains

one or nmore 2,3-N 5,0, 8 EEB 2006 .03/ 014367. PCT{,US02/ 2 6 sialic acid
noi eties is parti cﬁY‘EfP?‘{? %E}t'laggiﬁ ‘x\gﬂg‘f%ﬂ“ %e%ﬁgxﬁc{/?rﬁge ‘Eﬁlr%?lﬁ?sc%b ?‘c?rlﬁ?t ar get
is derived frgmcAMddirddlly Brdirdcay, téihe 361 faPpdriie Biodni t6 st 6f sk iatthes
and/ or the nol ecules containing sialic aci dp directly or indirectly, to
the solid Supputt are known to those of skill in the 5 art. Solid Supports
The nucin, or other nolecule carrying sialic acid, is desirably linked to a
solid support which can be used for binding of the purification target
(e.g., AAV5). SdlarSuppovisni ence, reference will be nade to nucin. However,
one of skill in the.art 10 w hl uqde[stand t.hat adn% ot.hglr l%.[(ecft%% nmol ecul es
carrying sialic aci BeralFhar Sgansleciiecamipssiglicacid, G reiaBly oK 94
particularly degidsaiion vaTEIOchh B8 Qed forindECIf thel pari€itatiah eifdet Ye.g.JOANGE).t 0 t he
solid support. Suitable nethods are known in the art, and are al so
_avai | abl e fr onFarisenyeaituee caferense svilhpe madsi tg myginp Slopgveryone o€ gldll Hethe e, t he
term"sol{d su res far 0.,an €. 1:0c L1l . si ns,
beads, po ersagﬁ%ndgis[?gcrl &sag?nltyé)éh,%r E{%tﬁ%;ﬁfgﬂngﬁcg 1§§ %éﬁ?ed& g‘rméﬁbﬁ%l%{é%mné&
cont ai ni ng si ainithe Meerlios) In@a& pdrdcudalyridsimbletembbdiart, the alucin incivalentdy ecul e

ggp idf ;[ g at |h gn f gqlxué ttc? éggglﬁ su\f)mpcgrthsguﬁgﬂg mlgtlhggsl arrlégkn(g)f\fvntilrl1 ﬁesalrt?almld%reaa éod to the
available from the manufacturers of solid supports.

As used herein, the term “solid support” refers to any substance, including

15 gels, resins, beads, powders and other solids, to which sialic acid or a molecule
containing sialic acid(s) can be bound so that the sialic acid molecule bond to the
solid support withstands binding of the sialic acid to the purification target and
removal of non-specifically bound materials. Examples of suitable solid supports
include resins composed of sepharose, agarose, cross-linked agarose, mixed agarose-

20 polyacrylamide, or polyacrylein; beads (including microbeads); silicon; glass;
microcells; microcapsules; microtiter plates; and biochips. Useful supports include
those described in International Patent Publication WO 99/27351, published June 3,
1999, Intematiohal Patent Publication WO 99/27140, published June 3, 1999; US
Patent No. 6,096,273; International Patent Publication WO 00/14197, published

25 March 16, 2000, among others.

A variety of microbeads are known, including the aminodextran beads
described in U.S. Patent Nos. 6,074,884; 5,945,293; and 5,658,741. Aminodextran-
coated monodispersed colloidal dispersions of magnetic ferrite [U.S. Patent No.
5,240,640]; metal [U.S. Patent No. 5,248,772]; polystyrene [U.S. Patent No.
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renoval of non-specifically bound materials. Exanples of suitable solid

" supports include resins conposed of sepharose, agarose, cross-linked
agarose, m xed agarose 20 pol yacryl am de, or pol yacryl ein; beads (including
m crobeads); silicon; glass; mcrocells; mcrocapsul es; &8 Argt 4 pl at es;
and biOChbﬁ Useful supports include those descri bed |p h@é@ Q@ |onal

Pat ent PubYP &I Wo 99/ 27351, published June 3, 1999: If I ona

Pat ent Publication WD 99/ 27140, published June 3, 1999; US Patent No.

6, 096, 273; International Patent Publication WO 00/14197, published 25 March

16, 2000, aTongokREn PheFAN St SRR S BN PR g e
5, 658, 741. AnSmmjmsqraaapolgf@@icﬁdnﬁ&mgassmdrrﬁm 5,651,086 81S. Paspesi ons of

rragnetlcferrlte{ Pat ent -No, 240, Oifhgrretal &US Pﬁlent No.
5,248, 772] ; pdb3ATAH é%r&df%}nsv a‘%bi’e?ﬁlplﬂkﬁd 2 SolcEyIPRYYsRe9 4B ANISCT/ US02/ 25096

2,466, 609; U 1§¥e)-|:f'370!§i10 anta'ﬁe Jﬁghc@y&g nﬁ%chﬂﬁlﬁmﬁe dﬁ@ve—@es@@o%d@gﬁed U. S.

Pat ent No. pol yst S. Patent . 5,552, 086;
U.S. Pateht Nmbstrdle R 2 Fay8] ofratloidallsized meeyallad ssad;dlogermmgdbeeajma@esmrl d

t d t Anot h t f t
ontain the. aBUEe Ru s sl FRe SRLIRETPArI i Rerberd P PO T

col | oi dal - si zgdpdatoal &Haﬁac&alzatdm%eﬁkﬁwaﬂa ydek 6f SubhopRdieishy éiwhite Giiodng.
Gol d/ si |l ver col ?m d coated polystyrene- am nodextran beads, their

preparation, ehHaimwhae blogd haye t&ﬁ@ldﬁﬁ@qun Sgh1518p368: %“Fe“éNBp%wwaﬁzi Y% of

whi te bl ood I u. S
Patont No. 5, S0 D2 (G CSCPAlIE s 98 Rg B Bl ot

5,945, 2930 0. PHisi Gham.aH4:9895 8816 (208¢)nand10. Smxaareysl C@raezmry, 41@&89@@5 9810

(2000); and O man et % 4 307 {5 n.alternative
to this coat egog%m%&e@ag%io gcgi?c{)%@?}r g{bo N aysetdyrene
particles as phigsthefiepabtitistds #eoorCRBLRLE, N)attehl @m m@ewtrazmbpgnﬁmc coupl i ng
as described in US Patent No. 5,639,620. These and other solid supports

are known to ttupdeg adeswitied in WS PatsniiNe. 5639620 Thossiand piher sofid SYRPOUiAT | et y of

_?BBE‘:LF;&' Swear%?(gs&% thbSA FUE T the Wreall@ He 2 hilHbleAtdr? vad¥iPEBAMERRAT TRC &

15 sources, including, without limitation, Amersham Pharmacia (Uppsula, Sweden);
Pierce; Biorad (Richmond, VA), and Beckman Coulter, among others.

In one embodiment, the solid support is composed of activated sepharose.
CnBr-activated sepharose may be purchased from Amersham Pharmacia. However,
other sources of sepharose and activated sepharose are known, as are methods of

20 activation and activation compounds. Examples of suitable activated sepharose
include CnBr-, carbonyldiimidazole-, glutaraldehyde-, hydroxysuccinimide-, and
tosyl chloride-activated sepharose.

Methods for binding the sialic acid, or the molecule comprising sialic acid
(e.g., mucin), to the solid support may be selected from among known methods.

25 Such methods are also provided by the manufacturers of the solid supports.

In one embodiment, the mucin-linked solid support is loaded in an affinity
column for separation, isolation and/or purification of a protein containing sialic acid
binding sites. In this embodiment, a sample containing the purification target (e.g.,
lysate from an AAVS cell culture) is allowed to flow through the column so that the

30 purification target specifically binds to the mucin-linked solid support. Thereafter,
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Pierce; Biorad (R chnond, VA), and Beckman Coul ter, anong others. In one

" enbodi nent, the solid support is conposed of activated sepharose.

CnBr-activated sepharose may be purchased from Amer sham Pharnaci a. However,

ot her sources of sepharose and activated sepharose are knBWnFEB<008" €

met hods of 20 activation and activation conpounds. Exanples of suitable

activated sWPHPHEE include CnBr-, carbonyl diim dazol e-, PgTASeYHEIBehyde-

hydr oxysucci ni mide-, and tosyl chloride-activated sepharose. Mthods for

bi nding the sialic acid, or the nolecule conprising sialic acid (e.g.,

. mucin), to the solid support may be selected from anong known nethods. 25
Such net hods athe calugy ipMashed &nrempve nen-spseificallthoved matgfial; whilswstainingthppor t s.

In one enbodi ”g:mziﬁcﬁl&%c{m& }aﬁ'ﬁﬂicjaﬁ&?gﬁgl b&lfgﬁﬁpgﬂg %va!hsre%#ﬁtqggglfn ok affinity
colum for sepdration, 1solfation and7or purification a protern _
cont ai ni ng si ahrotheasuithbleleapdntnghiehtiesufferad tb bhysicdedopll ey} phosptagnpl e

. containing the rificati target (e.qg.,  lysate froman AAV5 cell

culture) is al P%%J sta_§n7)l 3&/3?‘%? d%t&f‘hg‘b{?&eﬂma éﬁhf%‘ﬁ%l‘?ﬁéteg(ﬁ“%ri fication
target spesifi gaditionDWhils réModeltBe piTicAtdd taiged SAlaby, GERRAGE readdielsgaf ter, 7
0 8 FEB 2006 WD 03/014367 PCTI US02/ 25096 the colum is washed to renobve

non- speci f i cal $Qutip@seataipnedighsoncoptiatiensafsall. P pecsuitptde exanwid, iS5 apliosghalgound
purification t i i Vi@fé] 1S i 0 ot her
suitable r eageﬁ%@%ﬂnﬁagﬁééogﬁ ﬁlfclp rét%{eaﬁlgt 0 pﬁ§§°?‘g?q‘g'tga}‘%“5p?ag4('8"&8?",“%%6@3hat e
buf f ered sal i nApothditsaitatdé soimtidnsohtaiie phodphate befferédsatind atidtan BastabshiorgMSt ep

under 5 conditj.o ich.repove, the purjfication target. Suitably, the

el ution reagenﬁaeé_@e‘k%‘mf‘g‘)&ﬁm%‘n?‘éﬁ #isiﬁ‘ij ‘ﬁﬁtjﬁ_”(,céﬁf?é yr*‘f&lerWsaltS‘f“_ag‘_éﬁ t. One
sui tabl e exanpésdsolutiod whithSAN akiRevedithfifreedcts Al ARGt vd, Wil eARion Qgeht M dy9 NaCl

- at concentrations of at least about 0.1 M Another ‘suitable solution

cont ai ns phosphdy syilghletrddic ssapsmeor saltithareof, ugt 2 whgrat haying aNbwixliGh theG ven

this informati f i i e.art. can readily sel ect . al.ternative

10 salt sl ati hesfBetL Bitbin Jedhdiar siRde B inckhoP HeiEhriB e £ o ¥

el uti on reageninMiemd sile theryofsuil RBbeiuacicethte, andAJeMtglycdie (5HI3Y, dnfdageof ,

(e.g., areagent havying a.,Jow pH in the range .of about 1 tq about 5;
Exanpl es of suethefﬁé‘é@@%‘t@ qeﬁ@dﬂlﬂép%“élt focthagsiod skid inythe grt. Following elution of

15 the purification target (e.g., AAVS), the AAV5 may be subject to concentration by
conventional techniques.
In another embodiment, the mucin-linked solid support (or the solid support
linked to another desired sialic-acid containing molecule) may be incubated with a
sample containing the purification target. In such an embodiment, the sample may be
20 a solution containing the lysate from a cellular culture in which the protein to be
isolated was produced. Alternatively, the sample may be a biological sample from a
subject, or a biological sample from a subject in admixture with a suitable diluent.
The “biological samples from a subject” of the invention can include any
sample includes, among other fluids, whole blood, plasma or serum, where the
25 formed bodies are cells, particularly blood cells. Such samples may be purified by
conventional methods, such as separation by centrifugation, etc., for the handling of
other samples of that type. These “biological samples from a subject” may be mixed
with labeling compounds and/or mixed with optionally buffers or diluents in order to
adjust the concentration of the sample, or otherwise prepare the sample for analysis.

30 In yet another alternatively, the biological sample may be a tissue sample, and the
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mV) and salts.thereof such as sodium acetate, and 0.1 Mglycine (pH 3),

" anong others which will be readily apparent to those of skill in the art.
Following elution of 15 the purification target (e.g., AAV5), the AAV5 may
be subject to concentration by conventional techniques. U'f{] BO r
enbodi ment, the nucin-linked solid support (or the solid’s 5@ r i nked to
anot her deswP@d0d3@l i c-acid containing nol ecul e) nmay be iREER2RYWIN th a
sanpl e containing the purification target. In such an enbodi nent, the
sanple may be 20 a solution containing the |ysate froma cellular culture
in which the protein to be isolated was produced. Alternatively, the

sanpl e may be muEndinksyiselid supaprpmey be estmized witlbp suitableduffar daiathepdilecnt fasanpl e

froma subj eCtinL%am%fﬁ%%s#&Qmﬂﬁe sui tabl e diluent. The "bi ol ogi cal
of the Invé

sanpl es from a subj ect _ ention can include any sanple includes,
anong ot her fluids, whole blood, plasma or serum where the 25 forned

bodies are cells, _particularly plood cells. Such sanples may be purified by
convent i onal nt rﬁ%@‘é‘?“@ﬁ@h’%“&‘@d&ﬁ%ti on by centrifugation, etc., for the

handling of —other 15asBthé?em8dditbAL th ¥REntiohPESides IR RORFRE shahghel F oM a
subject” nay be nmixed wth | alt_bgaki ng corrg)ounds egnﬁ[or merée%vmﬁPhEoSti onal |y
buf fers ors di | RrsHicationfiargetdBhis kibis padiculetly whik adepteddor wsatin prodattion leévisalnpl e, or
ot herwi se pre e f analysis. 30 In yet another alternatively,
t he bi ol ogi car%g)ﬁ%qg'g"%mtoer% ?)'ssue sanple, and the 8 0 8 FEB 2006 WO
03/ 014367 PCT/ USO2/T3pie8lly, suvhiarkit domtkiasl a salld suppatrpividg sidiy abid oad®iakedcidi t h a

itabl e buffer or .other dilyent for _ipcubation with the tissue sanple:
Iiﬂri fication a‘f?&?aﬂ‘%?grﬂfS@?‘ﬁ%f”%eE%hefefP'asf’rﬁgﬁ‘gm SURPRIEi TAAYrRe Selepigd ?rﬁmé’l’ﬂqnén

provi des a ki ttheeibdttibéPdbos€ NRloAt ddFatlNEmbolimeHt] the gﬁfcdisqpp&ﬁgq%tead dhis kit

is particularly well adapted for use in production of viral vectors (e.g.,
AAV4 or AMV5) . gehfosiineubation withdhe samplet Iwanmther desirabls embddigeptpthetsolidvi ng si al i c

Supports may  vubedfisdyaafP Pl sPinle i e b ironiBRRE Lo AR ¢
desirabl e enmbotle s@iple istpagesbitdugdh #idRPRAIn. i S a bead or
In addition, a kit of the invention may also contain the desired reagents,
including wash reagents, elution reagents, and concentration reagents. Such reagents
15 may be readily selected from among the reagents described herein, and from among
conventional concentration reagents. In one desirable embodiment, the wash reagent
is an isotonic saline solution which has been buffered to physiologic pH, such as
phosphate buffered saline (PBS); the elution reagent is PBS containing 0.4 M NaCl,
and the concentration reagents and devices. For example, one of skill in the art will
20 recognize that reagents such as polyethylene glycol (PEG), or NH,SO, may be useful,
or that devices such as filter devices. For example, a filter device witha 100 K
membrane would concentrate rAAV.
These kits may additionally contain reagents necessary to maintain or
preserve the samples. More importantly, the kit contains instructions for performing
25 the competitive assay and preparing the controls. Also provided in a kit may be
suitable diluents and buffers for the samples, indicator charts for signal comparisons,
disposable gloves, decontamination instructions, applicator sticks or containers, and
sample preparator cups. The kits preferably also contain necessary buffer substances

or media, as required. One of skill in the art could assemble any number of kits with
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10 gel for incubation with the sanple. In another desirable enbodi nent, the
" solid support is |loaded in an affinity colum (e.g., a liquid

chromat ography colum), and the sanple is passed through the colum. In
addition, a kit of the invention may al so contain the desl BektE® &§ent s,

i ncludi ng wash reagents, elution reagents, and concentration reagents. Such
reagents 18O0M39014B& readily sel ected from anong t he reageP@EUHRLEYP bed
herei n, and from anbng conventi onal concentration reagents. In one

desi rabl e enbodi nent, the wash reagent 1is an isotonic saline solution

whi ch has been buffered to physiologic pH such as phosphate buffered
saline (PBS); thednfermatiopand eqmeponents secEB8y tooperfarmitheomehal on a\zatient forsny t he
concentration - .CEeS. ex I gne ' . he art
W20 recogntBatE Aep R ARU SR, oo Hm BPTR) Gop S BoBhs Al oalvipdlo "0,
NHASO4 may be sigeful, or that devices such as filter devices. For exanple,

afilter device with a, 100, K nbrane woul d congentrate V., These kits
may additionally co SHPH“?%%Q?E‘%S@“W%@%%’F@“WT% ﬁﬁtaé‘i‘tﬁls‘bé' opAgEdGe t he

sanpl es. Mpre {HppdstmRiolhe pufificaibh fR0kal NISAVISS ihuGhihpRS If itRArbor m ng 25
the conpetitive assay and preparing the controls. Also provided in a kit
may be suit abl eontdining thesomponentsfdesarived above, mechsiitrhaysalsa aedtains wackehart s f or

si gnal conpari sgns i sposahl. e VES econt ami nat...on. i nst r.uctions,
apelcator ot | ey R GRS ofREREE PR SR W K
preferably al smoteenleaThiskitdepastiduariyuiell@dapiedfss dotseton ofpurifiestion, targst inaqui r ed.

One of skill ip the art could assenble any nunber of kits with 9 0 8 FEB
2006 WO 03/ 01438 gﬂeﬁ? om B §ehIgohe-g-ihedtond: i 1oH taRFP T dEniBSHAINeR thecessary

to perfor gyt hesmhihkag iRidic RakRREd fupforBRY rea%@rﬁ§&ési:t@qeﬂ%§@@£ Ry et ar get
~cell, and conmpare the results to norns for that binding site. In stil

anot her enbodi nshide markers wiienare sisuglyoigiedele.a kit useful for detecting 5
t he presence of the i1l Lon target (e, ' I In
TRBWC{I‘{!' r%%&érg’o%en%;[ag? l&écésc tro?%del%f'ﬁgégéf\;gf?:raélg Cp%otglﬁ%&?@s

addition to containing e conpone may al so
contai n a mar k@jolectlegdandlsodmatichpraical hslecdies, prtferdBliy @lidst oOMmichfardwifndling of the

puri fication t ggtgggbléolntogee example, these markers enable detection by emitting a detectable
15 signal of a particular wavelength upon excitation by a laser. Phycobiliproteins,
tandem dyes, certain fluorescent proteins, small chemical molecules, and certain
molecules detectable by other means can all be considered markers for these
analyses. See, e.g., the markers listed in Handbook of Fluorescent Probes and
Research Chemicals, 6th Ed., R.P. Haugland, Molecular Probes, Inc., Eugene, OR
20 (1996).

Examples of phycobiliproteins useful in the present invention are
phycocyanin, allophycocyanin (APC), allophycocyanin B, phycoerythrin (PE) and
preferably R-phycoerythrin. PE is among the brightest fluorescent dyes currently
available. Conjugated to an antibody, PE has been used to detect interleukin-4 .in a

25 fluorescent plate assay and in M.C. Custer and M.T. Lotze, J. Immunol. Meth., 128,
109-117 (1990), and found to be the only tested fluorophore that produced adequate
signal. The tandem dyes are non-naturally occurring molecules that may be formed of
a phycobiliprotein and another dye. See, for example, U.S. Patent No. 4,542,104 and
U.S. Patent No. 5,272,257. Examples of tandem dyes useful in the present invention

30 are phycoerythrocyanin or PC5 (PE-Cy$, phycoerythrin-cyanin 5.1; excitation, 486-
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mol ecule.. This kit is particularly well adapted for detection of

- purification target in a biological sanple froma subject, e.g., the

bl ood. This type of kit, in addition to 10 containing the sialic

aci d-1inked support and reagents described above, may fugtgees 208! ude

mar kers which are visually detectable. The term "markers" generally refers
t o nol eculwep3/prsgdier abl y prot ei naceous nol ecul es, but aHEHINEP6 chem cal
nol ecul es, preferably those which are visually detectable. In one exanple,
t hese markers enabl e detection by emtting a detectable 15 signal of a
particul ar wavel ength upon excitation by a |laser. Phycobiliproteins,

t andem dyes, &8 nmiemissianp66ds@BOMmM)PA® & aggones atd!) A ¥ dedd. Suil, 6¢UL&s, and

certain nole et ect ahl e an n all phe considered markers
for these an%&@é@a@g@;ﬁg?tﬁ’ﬁ%gégﬁg‘?ﬂgpgﬁpﬁg?%%q&ﬁﬁ'ﬁ%% * of

Fl uorescent Peaigfonl8t-573aHE ik EIULE33 Inth) [6t & Hatbat NR 4342} 80 ghdd,

Mol ecul ar Probes, Inc. OR 20 (1996). Exanpl es of

Eugene
phycobi I i pr ot 8i PrientiNes 3272574 ntherrkagwn tanderp dlies asmPEnCy 7. Ay E¥e47afi n,
al | ophycogyaniype( ' _ " r :
pr ef er abl 5 R- Sﬁgcéc}g&yt' rl\i?:}aé\e?&%)é&l?g}’ [gﬂrr%t% E?ﬁghﬁgfgﬁ?ée@t T%dﬁlgggessggg% dyes
currently avaid BODaveoeh sgaesthlly direnlyznnjngasetto nikiBotliasal batthodigsbyl t o det ect

interleukin-4 in 2 l.ugr.escent . pl.ate assay. and,in M. ster, and M T.
Lot se, 31 el o it IS Hrigbtiicneasa ot bt ol LB BEHERe. onl y
tested fl uor oRARKay BaUir&t9dbsaehtcAds 8 1igh and usdakith thBghycabifpineises are
non-naturally occurring nolecules that nmay be forned of a ggicobl |iprotein

and anot her d{aadensgyes iff Gis inyeatiph © addadklitimat eymbersoef naarkep(labgled digends)y, S,

Pav et Ngo S &l o FXAMBLES) A0LANIAIEES HSBLLA oD DACRRBSE

invention 30 are ycoerythrocyanin o coerythrin-cyanin
5.1; excitati tess thdBH50lim.0S\hindiedle? Q0 hot\eddyy Witldhe émiREidnd 30R¢ 25096 580 run,

em ssion, 660-680,, LA S W ne t al, Ann. N Y. Acad. Sci., 677:185-
165 1903) o BMEC LBt D gRrepla stsugy Piatket i BEpRPH RIBPOERIE 1 t s+ odl
excitation, 4&§T76yS0Mmens aRMskiiRhe HAASRR RitéHHbold): Stitt oth@nfAterd\Whick, 542, 104

and U S. Patent No. 5,272, 257]h. QG her known tandem dyes are PE-Cy7,
APC- Cy5, and may be employed in this method to provide additional colors are the proteins known

15 as the green fluorescent proteins and blue fluorescent proteins; also useful may be
markers which emit upon excitation by ultraviolet light. The biliproteins and tandem
dyes are commercially available from various sources including Coulter International
Corporation, Miami, FL, Molecular Probes, Inc., Eugene, OR and Prozyme, Inc., San
Leandro, CA. The other markers or labels discussed above may be obtained

20 commercially from known sources.

The methods for utilizing these markers will be readily apparent to those of
skill in the art, and may involve incubating the sample in the presence of a marker
prior to contacting the sialic acid-linked solid support. Alternatively, the marker may
be bound to the solid support. In yet another alternative, the marker may be

25 incubated in the eluate containing the purification target following the wash step
which removes the specifically bound purification target from the solid support. The
selection of the marker and the detection system are not a limitation of the present
invention.

The kits provided by the present invention are useful for performing the

30 methods described herein.
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5 APC-Cy7 [ M. Roederer et al, Cytonetry, 24:191-197 (1996)]. Tandem dyes,
PC5 and ECD, have been successfully directly conjugated to nonocl onal
antibodi es by several nethods that involve imnothiolane activation of the
dye. Still other markers which may be directly conjugated 8 ¢e8 $gand and

used with t RBY iliproteins or tandemdyes in this invention to add
addi ti onal %r?be’r is%g%:‘ mar kers (|l abeled Iigands) 10 to ther}r?%f‘{'?gﬁzsf)%cl ude

smal | nol ecul es whi ch upon excitation emt wavel engths of |ess than 550
rim Such nol ecul es do not overlap with the em ssions of the

phycobi i proteins. Opg BSY0R : m ' scein
i sothiocyanate (FITC. & hleF gxag‘fip(lae?ﬁ%&r@ﬁﬁ&ﬁ%&%ﬁ%éﬂ%&%m iaf‘ggo Afove.
Still other mar kavtghedsopdthemefy be enpl oyed in this nmethod to provide
additional colors are the proteins known 15 as the green fluorescent

proteins and blue fluorescent proteins; also useful may be markers which

em t upon excit Exampledy- RiddusdrobfMattik Gbf VedtbeP BiiflchfiéPt ei ns and tandem
dyes are commerci al li{ avai l abl e from vari ous sources including Coulter

I nternational Cor pol @Piayre anmaigiy for ffinitnpyrificaticarof Peatirewith endAVSmagsde, OR

and Prozynes | NgeinSaR colshaing bR Sh r markers or |abels discussed
above may be obt z;liCIRed g%dpcongﬁgrgﬁWlP??ﬁérE%Ovm sources. The nethods for

utilizi gg these mar kBI_riﬁlywlbm mpef m?]mdiybgll-i&(ﬂ@giﬁ&;rs% HoOis£MD)%san;plé‘d<tb|3l5kg' n the
art, and may I nvplwe 1nC ting t sanp In presence of a parker
prior to cont ac?f@bﬁfﬁﬁgvag?d}epf@%ﬁ{ép?rgﬁg@ agmadﬁgasa}soﬁv?dem FePHgitvel v,
the marker may magufb@uBdinéticlifiB. TR fein $UDPAGE fred-B-d¥ied pARQLNGDH il HEGRAL T Ve,
the marker may be 25 incubated in the eluate containing the purificadtion

target fol | ow nY2tPAskedda B 2st caapdiamptercdinuidshomatograpby splomh {$igmb) apdiyesied
purificati ta e |41 6 ool I {,on of the marker
and the de:tpgct i g%ﬁgg?ﬁﬂaﬁ%p}%g# (glff?%ﬂﬁdgé leoshegapd?%enﬁggxgent i nventi on.

The kits provided byRechmbipreset¥2/b mueprbduoed by eansfeedidnlin 093 cliebf plaghiag t he
30 net hods descri bed EAI‘a‘fl n. 1\:>| .0 8 FEB 2006 WO 03/014367 PCT/ US02/ 25096
The fol | owi ng e?('é?ﬂ%l“% r ETQYRSA TBRBN;SErotPE 0183 arkAY helpsrifyrstiensas and do not

described (A. Auricchio, et al, Hum Gene Ther, 12:71-76 (2001)). Cells from 50 x
150 mm plates were harvested, resuspended in 2.5 m! of serum-free DMEM/plate
15 and lysed by two rounds of freezing and thawing. The resulting viral vector éontains
AAV2 inverted terminal repeats flanking the gene indicated in Table 1 (B-
galactosidase or enhanced green fluorescent protein (EGFP)) and other vector
elements, in a capsid protein of AAV serotype 5. Prior to application onto the
affinity column the lysate containing the AAV2/S vector was treated as described for
20 AAV?2 (Auricchio, et al cited above).
The filtered lysate was allowed to flow through the column at a rate of 1
drop/second, followed by 2 washes of PBS (20 ml) and elution with PBS + 0.4M
. NaCl (15 ml). The eluate was concentrated to 2-3 ml through a Millipore filter-
device, washed once with 15 ml of PBS and re-concentrated to a final volume of 2-3
25 ml to exchange buffer,
Characterization of the AAV2/5 vector preps included physical titers (genome
copies), transducing titers after limiting dilution infections on 293 cells and infectious
center assays (Table I). Genonmie copies were determined by real time PCR as

described (G. Gao, et al, Hum Gene Ther, 11:2079-2091 (2000)). Infectious units
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limt the scope thereof. Exanple 1 - Production of Matrix For Vector
Purification To produce a matrix for affinity purification of vectors with
an AAV5 capsid, 5 nucin was coupled to CNBr-activated sepharose. Briefly,
120 nmg of mucin type I-S (Sigma, St. Louis, M) was coupled § 8 @@ - of
CnBr-activated sepharose (Anersham Pharmaci a, Uppsal a, Sweden) according to
manuf act ur ewo emitis6Tt i ons. The resin (3.5 gm of freeze-dripﬁf‘%%%"f”% 120 ny
mucin) was packed in a 2.5 cmdiameter liquid chromatography col um
(Sigma) and washed 10 with 24 nl of PBS, pH 7.4 (Life Technol ogi es, G and
I'sland, NY). Reconbi nant AAV2/5 was produced by transfection in %,93,cel |'s
of plasmids encadmegsuet\folewiseliputing dilomindectan ofrgRrearexprssing il 1A ihel per

functions as scrib . Lcchi EHun er, 12:71-76
(2001)). Cell sqﬁ? Brr?f%rgggf(éf%éﬁélnlsng%&ggiebs?g&%ra%aohar \I/’ecgtgg%,owr 'eshspehded in 2.5
mM of serumfree DMEM plate 15 and lysed by two rounds of freezing and
thawi ng. The resulting viral vector contains AAV2 inverted term nal
reﬁeat sdf | anki ng(])t he gene i ndi cat eliaPlpITapl e | (P- gal act osi dase or
enhanced green &LUoL 885 8 ielRE MdBhfRcA i toBddierd BIEIHIP, |
capsid protein of }SAHAV se{%%ypgﬁagkﬁgfi ofjp)t%Vgggf%Jg?{ycﬁfggrﬂdl?ﬁde affti?ni It; :
(2:8I mzt ?23ysa¢0§éumnt aining the AAV2/5 vector was treated as described for
uricc , citepsabove)yT e Tt 1 5 Vied
flow through the colum at iE}a rg "erﬂg%l f Ggﬁ'glp}:sler:ggér]fg? %Isﬁ)%ﬁlab) ?gd/aeshego
of PBS (20 (T) and el utipn with PBS + 0.4M Na{l (15 ml)| The eliuate {was
concentr at ed t of2—3—H—thtoughia—M-Hpore—tiHier—deyte trect it
15 mM of PBS andCP”é’-"E%ceﬁN% eﬁs 0 a 1E5ﬁéllb?/ol jr?gxgp“’z_ 'sggﬁlrh ‘étgg“be wtn
exchange buffer FeRRALEET FRATR | Qun [ 16.8AAV2/ § gvaciodr pfps 10'ndlisled
physical titers qunorre copiel), trangducing tliters aftier |imitling
dil ution infect| 6NV.JorZ 2D8AE® | eolumnd i pE&dP oud 24eiler hb¥i s (‘ﬁ%l g l).

=

Genone .copi es Wege=getermmest—py geat T 2R [gpaTt G et al
Hum CGene Ther, 1?%@952 65‘7{2388&"). Inf]ggtliblousqagr#?g 12 Ogéd FE (93806 ’
10 CMV.EGF | AA13! | column 56x107 |252x10" 22x 10" | 1600

o

CMV.EGF | AA139 | column 3.8x10" |2x 10_” 4x 107 1055

CMV.EGF | AA144 | column [ 3.2x 10" [9.6x 10" 3.8x 107 | 547

NB. GC, genome copies; TU, transducing units; 1U, infectious units; CMV,
cytomegalovirus promoter; EGFP, enhanced green fluorescent protein.

15 Example 2 - Ability of Invention To Differentiate Between AAV2/5 and AAV2
To test the hypothesis that mucin could efficiently bind to vectors bearing an
AAVS capsid, AAV2/5 or AAV?2 particles were preabsorbed with soluble mucin and
then tested for infectivity on target cells as follows.
1x10" genome copies (GC) of either AAV2/5- or AAV2- CMV-EGFP were
20 incubated (or not) for one hour at 37°C with 20 mg mucin/ml in Dulbecco-modified = -
Eagle’s medium prior to infection of 293 cells. Forty-eight hours later, transduced
cells were evaluated under a fluorescence microscope using a triple filter (allowing
for visualization of DAPI-FITC and rhodamine).
Mucin was observed to inhibit transduction of 293 cells by AAV2/5 but not
25 AAV?2, indicating that the sialic acid component of this protein was able to block the
AAVS capsid binding sites. Thus, the invention provides a method for readily
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WO 03/ 014367 PCT/ US02/ 25096 were neasured following limting dilution
- infection of rep-cap expressing cell line in the presence of adenovirus as
described (G Gao, et al, cited above). Table I. Conparism ?__f ymds and
infectivity of AA V215 purified by Csd 2 gradients vs affing 8 ol um.

10 #Purif. G ploYigl dTU M G/ 1 U OW. | acZAAL16CsCl 25. 2 X 10"3. 8 x
10' 288 cvvv.giﬂacf’XAﬁl'lwcol uml.8 x 10128.1 x 10122.1 x 10' W"?’%"%

"CW. | acZAA109col utmm6x 10"2.4 x 10"1 x 10' 300 CW. EGFAA72CsCl 21. 3 x 10121.95
x 10122 x 10' 928 CW. EGFAA131col um5.6 x 10122.52 x 10"2.2 x 10' 1600

CW. EGFAA 139Geh 3. : £ 10 - 3.2 x
10129. 6 x 101%%’.5 sm}%f%‘ %ﬁ%%%&&%géﬁ%ﬁéﬂg%b e?%ﬁﬁm‘#ﬁé’%ﬁéﬁg@um ts:

| U, i nfecti ousvhiehi lack theahility te bindsaljakadi r us pronoter; EGFP, enhanced green
fluorescent protein. 15 Exanple 2 - Ability of Invention To Differentiate
Bet ween AAV2/5 and AAV2 To test the hypothesis that nucin could

efficiently bithdmple 8edh ¥ite Cemparisoraof ARYE50AH5r8 Isofdd b MUcifAV2
particles V\ergzcﬁreag??rbed with soluble mucin and then tested for
infectivity oPPYP& NVEPin ¥& Rrigr Astiethed1010 genome copies (GO) of either

AAV2/5- o5 AAV2-  Ciel &CHrimsuedtdn emiéﬁ?ﬁH?B%gi\figfchﬁ}%térjsfti&rex@ﬁ%teh?»’r” at 37 C
I e

with 20 mg nucin/m in Dul becco-nodi €' s mediumprior to infection
of 293 cel | s. V4§ campamblabatveen AAB2/S veston purifietisingdlsCh;, sedimentstien uat ed.

Vi sual | zat i on of ABape R ERERNRe HILABS )" LCi 1 vas obeerved to i nhi bi
transduction of 29BrepellAd 1HyndAN6AM e brotiuded fron?beofdhéh vececoiihing ctihat t he
stalic acid C?;‘;l?u%r;ﬁ&‘ Eliv?c{ed Enhtiwso qrua(ljltfreaic’tri]or}/s:lfe1 2A%t2)/|56-"CI£/I(\)/-IELZO Sé:totr? ?vere either
10 purified by CsCl, (AA116) or mucin column (AA115) purification of AAV2/5 to
evaluate their ability to infect differentiated human airway epithelia from the apical
side. One week after transduction, the vectors were purified by physical gradients or
the mucin column of the invention, and X-gal staining was performed.
The purity of the AAV2/5 purified by the mucin column according to the
15 invention was compared to those obtained by CsCl, using SDS-polyabrylamide gel
(4-12% SDS PAGE) followed by Comassie-blue staining to visualize proteins. The
only bands detected in the column purified preparations represent the capsid proteins
VP1, 2 and 3 as opposed to what was observed in the CsCl,-purified preparations
which contained a number of contaminating proteins. The number of blue-forming
20 units (i.e., X-gal expressing cells, bfu) was similar between CsCl,- (54.6 bfu/1x10"
GC) and column-purified vector (58 bfu/1x10'° GC).

Example 4 - In Vivo Comparison of Vectors Isolated by Mucin Column of -
Invention Vs. Prior Art Method
The infectivity of AAV2/S vectors purified by CsCl, (prep AA116) and mucin
25 (AAL115) were evaluated in vivo following injection into skeletal muscles as follows
and lacZ expression was quantified by ELISA of homogenates or X-gal staining of

histological sections.
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AAV5 capsid binding sites. Thus, the invention provides a nethod for
readily 13 0 8 FEB 2006 WD 03/014367 PCT/ US02/ 25096 separating AAV5 from
AAV2 and ot her cellular, proteinaceous, and viral materials which |ack the

ability to bind sialic acid. Exanple 3 - In Vitro Corrpariﬂoq1F%§ MZIS
Vectors Isolated by Mucin Colum of Invention vs. Prior Ar t 5

Yi el ds, trangeimiicon efficiency and infectivity charact erBGHIHZ2¥@| uat ed
in vitro are conparabl e between AAV2/5 vectors purified using CsCl2
sedinentation and the nucin colum of the invention. Preps AAl 15 and 116
wer e produced froma common vector-containing cell lysate and divided in
two equal fractions Sixaweek-6ld Gnle CHBY 6waice were injested iajthevéyialisantesiors ©f ed by

CsCd 2 (AA 116); ar, nucin,col AA urd . ' val uat e
their ability o8 o8 ‘38{‘]16ﬂ ﬁ?@ﬁﬁﬁé’gz@mﬁ%&?ﬁ?b\‘ﬁﬁgg t“ﬁ’e%?ﬁ?‘!é’ﬁ%"?'g?het he

api cal side. Qm, e@kntaiMvntyt srnisgkuflet tderor blrainisatian, shewighempsaldsfesel by
physi cal gradients or the mucin colunn of the invention, and X-gal

stai ning was peartesiedesgctionadand Kigelstaiped he AAV2/ 5 purified by the mucin

colum according t : i : hefdsitiVe usd&cdlet ai ned by
Cod 2 usi iy SDS: po?%?ﬁ?‘l‘%ﬁ%’ %5‘2“”3@%“’9?%‘@%/? e o ved by

Comassi e- bl ue aiminisiereg Gs€l,y amltht vestorppwifisd by mupinecoluspn gecprdingdo Het ected i n

the colum purjfied preparations.r ent .the. i ' {VP1, 2 and
3 as opposed t@v?rm‘z?f‘g‘(ﬁé% m&sﬁﬁwﬁjf‘iguﬁ%ﬁlﬁﬁ?ﬁfgﬁ ‘SQE’%?%%S?%% ons whi ch
contai ned a nuNbgr 1841 LB FRa! doRgniN>5ei 8312 hgmilunber of bl ue-form ng 20
units (i.e., X-gal expressi ng_ﬁcel I s,

bf u s,sLmlar between Cl2-. (54.6
bfu/l x1010 GC) anbhitisdigatss P@FP@&%&%@@%(’%}L‘S} HVVES‘JTB%BS E&j‘grs"@%é%l(e 4 -
In Vivo arj f d ; i a8y, of I nvention Vs.
Prior Ar tc?ﬁgt hlc@%“%% tIh%l/ Z%?ﬁﬁé?ﬂéﬁgﬁ%%%gﬁ%@ghp% fied by CsCl2 (prep

AA 116) and nmucin 25 (AA115) were evaluated in vivo follow ng injection
into skeletal nuscl follows..and | acZ expr j quaRLif i ed by
ELI SA of honpgenat e‘gﬁ&a}ﬁi@ﬁ%ﬂs c\é@%nﬁﬁﬁépe&% affoidré ibrraltd by ©

herein. While the invention has been described with reference to a particularly

preferred embodiment, it will be appreciated that modifications can be made without

departing from the spirit of the invention. Such modifications are intended to fall

15 within the scope of the appended claims.
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hi st ol ogi.cal sections. 14 08FEB200 WO 03/014367 PCT/ US02/ 25096

© Si x-week-old nale C57B1/6 mce were injected in the tibialis anterioris of
both legs with | x10" GC of AAV2-CW-IlacZ either purified by nucin colum or
CsC 2 gradients. Twenty-one days after vector adm nistrafli®FEBtd08g ri ght
muscl es were harvested, sectioned and X-gal stained. 5 The simlarity in.
intensity and nunber of P-gal positive nmuscle cells adm nistered CsCl2-
and the vectors purified by rmucin colum according to the invention was
confirmed by the ELI SA quantification of R-gal actosidase (CsCl2: N=5,11313
ng/ m; nucin CR®%pnaahﬁgr_183123 ng/m). This indicates that the
purification ng 0d " Bf €A% i nvention has no detrinmental 10 i npact on the
infectivity of the viral constructs purified thereby. Al publications
cited in this specification are incorporated by reference herein. Wile -
“the invention has Heen dcuetheblorisafating # prificatiendanget ompsising awrateiny

preferred embqgi: ity Wi regi it . nodi fj i ons can be made
wi t hout depar %gﬁ%gﬁh%lw\gli%is?ﬁ? th{‘) S?‘&é‘%}%\ge‘%{?‘?gﬁ@@ﬁé eg?r%’di fications are
intended to fall 15 wi tlidwing the paxifigtionfardeh® @pperxdadeallatdamprisidy dalid FEB

2006 What is cl g is. 1..A nethod . for iso]ating a ri.fication. target
conprising a rﬂ’:}a)i"(‘r-ﬂﬁ?el%“ EWW“&%& q“'iOggls?RPOﬁi ‘H}Efs'c@'itg‘f P'ﬁ'ﬁg’éﬁl?ﬂ targgt BAVIRE hod
conpri si ng t he sihdifg §ife fordidlRWeidgs §ellh§tiﬁé!¥]wdn%&mnnéleémt to contact a

mol ecul e conprising sialic acid which has beén linked'to a solid support,
wher eby the purificati oWhergingks pusifigating targetisiomptiseg asiapsid proteimseddcied aci d i s

sel ectively bcﬁmg rein_the rificati t ar.get
conprises a capsi ggé{%ﬂ?gpﬁg?gélglgg{é%eﬁmﬁ%)h@g ﬁeca ASUBIC&%%%@'\{ ﬁeémg?e %m AAV
serotype 4 capapsid proafeiand a eapsibAYmMPEsing ¥ fisgrient 684ISAAVP ORIV, capsid a capsi d

conprising a fragnent . of AAV4 or AAV5 capsid
P g whai contains heall;}ndmg s4{te for sialic acid. P

2. The method according to claim 1, wherein the molecule comprising

sialic acid is mucin.

3. The method according to claim 1 or claim 2, whercin.-the solid support
is selected from the group consisting of sepharose, agarose, and a polyacrylamide

resin.

4. The method according to claim 3, wherein the solid support is
sepharose activated with a compound selected from the group consisting of CnBr,

carbonyldiimidazole, glutaraldehyde, hydroxysuccinimide, and tosyl chloride.

5. A method for isolating a viral vector having a protein with a binding
site for sialic acid from a mixture, said method comprising the steps of:
(a) allowing a mixture which contains the viral vector to contact
mucin which has been linked to a solid support, whereby the virus is selectively
~ bound by the mucin-linked support, and | |
(b) washing the solid support to remove material from the mixture

which is non-specifically bound to the mucin-linked support.
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whi ch contains the binding site for sialic acid. 2. The nethod according to
“claiml, wherein the nolecule conmprising sialic acid is nucin. 3. The

met hod according to claiml1l or claim2, wherein the solid U;E%p[%r%m is
selected fromthe group consisting of sepharose, agarose, b
pol yacryl am de resin. 4. The nethod according to claim3, wherein the
solid support is sepharose activated with a conpound sel ected fromthe
group consisting of CnBr, carbonyl diimdazole, glutaral dehyde,
hydr oxysucci ni m de, and tosyl chloride. 5. A nethod for isolating a viral
vector having a prot@i n vlkdmethdd avdording tsclhien Dofurtbérabmprisieg, dolfomomg the

m xture, said nmethad co ising the steps, of.. (a | | owi ng..a mi xture which
contains the vi r”‘ffis%‘{}%ﬁtfg&’s’tt e%&?%&Pa’at%éﬁ‘%"’%\g?ﬁ?rﬁ%‘ tgn%%qgi‘dlsli?ﬂ?étd to a

solid support, whereby the virus is selectively bound by the mucin-Iinked
support, and (b) washing the solid support to renove material fromthe
m xture which is noh- speBigmehod accordingdo elaim Re wieksinthe seprietingsispport. 16 0

-8 FEB 2006 6. The .ret hod accor di t i f | sing, follow ng
the washing st é’ﬁrf‘irﬂ’)e?%? ﬁgu erebvgsroh?"gssge g'lrsg}‘lgig] ﬁgn%eﬁtréétga?{agfé&ggé ‘or fromthe
solid support. 7. The method according to-claim®6, wherein the separating

is perfornmed by a further washing step using_a conpegtrat.ed. galt -
solution. 8. The net®od akRedpethefAccerdigap fipim 7wMdewinng spacentiatedstlf at ed sal t

solution is phO%&ha&@isgﬂésfpﬁaegu@aédﬁﬁn@m(ﬁhm&aﬁm@hwmehl oride. 9. The
met hod according to claim®6, further conprising the step of concentrating

the separated viral vector. 10. The nethod according to any of clains 5 to
9, wherein the capsi(g protein, is sel.ected from.the group. sisti-ng of an
AAV serotype 4 capsid pro ﬁ'ﬂ&h%‘ia“%ﬂ\?gé%g?%ge Sﬁ%ﬂpﬂ'sggg%esilteﬁ(’fand a
capsi d conpri si REnd@ntkdting MR HepRite@irdd¥dor0r  AAVS capsi d whi ch contains the
bi nding site for sialic acid.
10.  The method according to any of claims 5 to 9, wherein the capsid
‘protein is selected from the group consisting of an AAV serotype 4 capsid protein, an
AAYV serotype 5 capsid protein, and a capsid comprising 2 fragment of an AAV4 or

AAVS capsid'Which contains the bihding site for sialic acid.

11.  AKit useful for detecting a purification target in a mixture, said kit
comprising a sialic acid linked to a solid support and a reagent which permits visual
detection of binding of the purification target to the molecule, wherein the
purification target comprises a protein selected from the group consisting of an AAV
serotype 4 capsid protein, an AAV serotype 5 capsid protein, or a fragment of an

AAV4 or AAVS capsid protein having a binding site for sialic acid. -

12.  The kit according to claim 11, wherein the solid support is activated

agarose with mucin linked thereto.

13.  Thekit according to claim 11, wherein the solid support is loaded in

an affinity column.
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11. A kit useful for detecting a purification target in a mxture, said kit
conprising a sialic acid linked to a solid support and a reagent which
permts visual detection of binding of the purification ta@%eﬁg%mhe
nol ecul e, wherein the purification target conprises a protei’n lcedt ed
fromthe group consisting of an AAV serotype 4 capsid protein, an AAV
serotype 5 capsid protein, or a fragnent of an AAV4 or AAV5 capsid protein
having a binding sjte for, siali.c acid. .12. The kit_according t.o .cglaim 11,
wherein the soli dl%upg;'é?etk‘tiagcoé@f@??actlaé@]‘]"’aﬁg?”&@éhevﬁfﬁ‘ﬂtyﬁﬁ ’?Fﬁfﬂ'é‘ t her et o.
13. The kit @ﬁ%%@hﬁ%#&hﬁﬁrﬁi m 11, wherein the solid support is |oaded in
an affinity colum. 08 FEB2005 14. The kit according to claim 13,
wherein the affinity colum is a liquid chromatography colum. 15. The kit
according to any cl.ai 11 t.0 14 wherein the kit fur Xy ri ses
wash, elution, an 'con@’gﬁtraﬁfolr%'ﬁg%’e@é@ﬁf‘%@sfg.m c‘%’rerﬁegnsﬁ%??‘éﬁu@gggul in

bi ndi ng a putbhpiiss ivedh, élaiae ind doRBentratdnckatets. conpri sing at | east one
2-3,0-sialic acid noiety and at | east one 2,2-N-sialic acid moiety |inked
to a solid support. 17. A nethod of binding an_adeno-associated viral (AAV)
vector having anloAv Asegmnogitien ysefil dn binding @ parfigaion tasgepfrome mixiassi d
protein from, | 4l ARt hod. DL S| R.Of i acubating the
omposi t on Sy e d Fast 38 £ SRRRER GRS B0k n L 2R Hhic 4

- moiety linked to a solid support. : L :

17. A method of binding an adeno-associated viral (AAV) vector having
an AAYV serotype 4 protein or an AAV serotype 5 capsid protein from a culture, said
method comprising the step of incubating the composition of claim 16 on lysate or

media from the culture.
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