WO 03/ 014367 PCT/ US02/ 25096 METHOD FOR PURI FI CATI ON OF VI RAL VECTORS
HAVI NG PROTEINS VWH CH BIND SIALIC ACID This work was supported, in part,
by fundi ngotmg/otdse7 Nati onal Institutes of Health, P30 DK4APCTFUSOTREILS
Governnment may have certain rights in this 5 invention. BACKGROUND OF THE
| NVENTI ON Gene therapy vectors based on adeno-associ ated virus (AAY)
serotype 2 have energed as being preferred for achieving stable

transducti on METHOD POR PURIFICATION OFSVIRAL VECTMREAVINGIHROTFEMNS! i ty of
transgene expression was inpressive, its 10 efficiency often was not.

Basi ¢ r esear ¥WHKrd BINYPhelAdilalAGIE, el opnent of vectors based on serotype 2
has been enhanced with the devel opnment of chromatographi c net hods for
purification. Wth the devel opnment of other AAV serotype vectors has flowed

the need for netiragsvek wassuppgoeel, iapanf bystuading &6 tigy NatidAaLlnsti@les\bECt or , AAV
serotype 5 15 (AAV5) has energed as a useful vector. To date, however,

puri fi cati onHsplthARY8 DEsd. Jg@U&@ove@mm@mé@ge eqffadth Fights éethiscs C12)

sedi ment ati on ince it does not bind heparin which has been used for

purificati onBFR2 csC12 sedinmentation is time consuni ng, not scal abl e,

and yields preparations that are heavily contam nated with cellular
proteins. 20 What are needed are nethods of Igurifi cation for AAV5-based

vectors which are rapid afPGRGREZUNBAF HHEMVENTIEN or use in _
b SRS R M T
cul tures ande@bhed as Béii;g bRt ahitvitg Ald HhRbuctRRdoRSNRL Y bial _
materials. WD 03/ 01436 CT/ US02/ 25096 = Thus, in one aspect, the invention
provi des a nmedthimistfation.i Howavérnghide starilityrafctransgene 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 AAVS
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 which

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.



whi ch has a capsid (or envel ope) protein with a binding site for sialic
acid. The nethod of the invention is particularly well suited from

i sol ati ngwomast43att s cont ai ni ng adeno- associ at ed vi rus ( REV)USSZ2IPg/pe 4
(AAV4) or AAV serotype 5 5 (AAV5) capsid proteins. The nethod invol ves
contacting the solution containing the AAV4 or AAV5 with sialic acid which
has been |inked to a solid support. Thus, the construct having a capsid
protein having a Whigimenesdshectftae iBleatidrCpravidds 4 medRldEsH isylativg a bonsadcey the
sialic acid-linked nolecule. In a preferred enbodi ment, the nmethod of the

i nvention i nwdiohd®s alcpriid (7g cavelame) protein mathinbinding site EirpialicheidAAYiet o cont act

in which h |.inked t. .sql id . Ther.ebh he, AAV |
e B R ROk e RO o FRRAER Y,

. €
sel ectively BEuly erea

support is WashgdingQdeRmeeciand errhﬁtAAvE.s,erbﬂyge B XAW4G o¥AIAGNsdrStype 5
non-spe0|f|callﬁébound to the mucin-1inked support. |n another aspect, the

i nventi on pr 6dAYéscapsidinrotgmef Uhe fethosldpeelues qogtasingithgsolution sgaBinmgrtpe i si ng

a liquid chr r calu or,a,solution . .containi a soli sypport
havi ng nuci nwzﬁgd&g%rv@ﬂbslﬁ?%ac& ?’Vmcgé’ﬁ%b?f’é‘rhn%g%goc? ?Oqgltfélpp‘?ﬁ/eﬂ]?‘fsoﬁg
provides a kidnsHa&fHabin %rcag;ﬁa SFdtéiNdhaling a BMESENESoP AV NAd AlscRAYRIY N a

bi ol ogi cal sanple. Such a kit contains a solid support having a nol ecul e
conpri si ng sbhairddyabe siali¢ adiddinkétbmeteculand a reagent which 20 permits visual

detection of binding of sagid, AAV4 or. AAVSH to_.the nol.ecul e Stil]l other
aspects and advanbﬁ%@?kﬁﬁgﬁﬁgoﬂwggﬁﬁ?eVﬁ&@ﬂpf3ﬁ”9ﬂ?¥wBQ“W@§ﬁPh?wngﬁbarent

from the f ol L ow,ROVHIER Bbdt&itls HRIEA VRS LORa@midPwhidd $al B&Baﬂi%@&' ) +Ed
DESCRI PTI ON OF THE I NVENTI ON The present invention provides a nethod for

i sol ati on ansuppette dhewby,ahe AiAMIBaslec@ielhbminddyzhe macia-lptket suppmravhi ch

specifically_bind sialic acid (such as AAV4 or AAV by using nucin

attached to Andgtfiey, ag@t&f&uppméhsowhe@fo FFH\QVEB@B?“P? %ram tée BUXHEE Which ises by

elution or i H&Hggfetcifﬁglly‘(‘@éﬁhdacol?lilengﬁuﬁﬁ-llﬁﬂ(éc‘l)g Lan efficiently recovers highly
i Tothemy .

active viruses greater puri an 1s achieved with CsCl2 sedi nentati on.
The isol ated virisaptire espatgHe)nvention piovidesandt yefud fortsbgratitpos s vidsn! at ed

using CPSnvenEAL\OVnSaclzomprising a liquid chromatography column or a solution 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 AAVS 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 AAVS 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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2 WD 03/014367 PCT/ US02/ 25096 CsCl2 gradients. In addition, this techni que
is fast, does not require special equipnent and can be easily scal ed-up.
These ar ewDrppoi43ant characteristics for production of hi geTgsa/2i096 viruses
to be used frombench to bedside. The invention further provides kits
useful for isolation and detection of viruses using the nethods 5 descri bed
herein, which utilize a single step affinity colum for purification and

det ecti on of CyCI,gkadveed. dasddinign, thisttedhnijuk s fast, db&ut tequitekpkianbl e mar ker
system These and ot her aspects of the invention are described in detai
herein.  Pur PAYiRBRER A FaR b@@@ﬂsrﬁ@l%m obhese amenmppﬁwwbar@ﬁtensncpém icularly

composed of AP SEPRThPR AR Hiel AheBlsk8 ool FLagtity e MR, P ©°

proteins. Thﬁlrthayp:rowreskh@mﬁﬂcfmeommaddmneﬁ\wvm@@w %ﬁleq&ah&g readi |y
separated fromthe materials found in the cultures in t hese viruses

are pr odﬁjceddwrlbfwbh%@m wtnyh gtilizhesipgle a@maﬁfmlty@obpmfornp@aﬁbquom and
2,3-sialic he.. ot cel lular and

ot her viral g? qleolnnosr%) Ma Yﬁ% r? ?P&lgptﬁ()&a @’ra ¥1Pléazl &%L?aﬁéf’ﬂ?fkﬁiﬁ YtiPes for AAV
do not specifical frifesdiafd ofHePhdpectad6f the invinfibh aﬂ’e'diéscrfblag iR B0 derein. t he
invention is useful for separation and isolation of AAV4 or AAV5 capsid

protei ns from hel per-dependent production cultures, as adenoviruses, AAV
1, and the o her cellwlar materials found i n such cultures do not
specifically Bpﬁﬂm§Vh PEESE:i d. 20 In addition, the nethod of the invention

may al so be readifye ﬁ)@moﬁ%@tﬁe(:invéh‘ﬁ%flé ﬁa@ﬁéﬂé‘r H%@E\me\ﬁ ff&‘f%ﬁﬁ' dated or

envel oped in a protein which contains sites Ic acid, or to
ot her tipes wblappwbEving vmttorshla&mgtcapsmdsbadmboﬂgi off ARY sefcnypesi adpsid Iﬁcuems For
exanple, it wll be readily understoqgd that viral vectors caontaining

chineric cap®i 4AYrscsotyRs bepsirseieings The myentorsylave foundithatihess AskYti ons of 25
AAVS and/or g4 g fing r&gﬁ? g&ﬂ%&%&@&ﬂ%@g&hﬁk I?dclhqhé%nfa'réagn wHds, of

viral vectors or c I'meric capsi
det ect ed, these viruses are produced 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 AAVS 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 example, 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, AAVS5 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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separated and isolated according to the invention. Still other viral
vectors, chinmeric proteins, or protein fragnents nay be separ ated,

i sol at ed,wardpogepurified according to the invention. G PEN/USAE25096
informati-on provided herein, it is well within the ability of 3 WD

03/ 014367 PCT/ US02/ 25096 one of skill in the art to determ ne whether a
sel ected capsid protein or other protein specifically binds to sialic

aci d. For cooueof skilt & tharaugHewiminbinhethpes sdléctal daprid pdteimner ottief plotaigct or s
(e.g., AAV4 and_ AAV5) . and at her ,gr ot ei ns which have binding sites specific
for sialic acpeifigallydindsinaalinagidikor copeeniencaghroughoent thisswesifieationy hess” . 5
Sialic acid- tal.ni l.es. I resent ipventiqn, one or
more o i SBuG eRrOR R KT R AT A Bl ekt PHRRR Nars B 8 o7

a suitabl e | sfdeeio fok SiaHc a6l bld& Ui HereinSarél &inBE tpurlfRbBbMtard er nat i vel y,
sialic acid can be found in a variety of proteinaceous and 10 chem cal

nol ecul €5 whi ch can be bound (directly or indirectly) to a solid support.
Such nol ecul gg .be qbtai ned,froma variety of natural, synthetic,

r ecombi nant g}z‘_lﬁ%h&é??@ '!nt'%ﬁn_@leﬁg@ﬁods: An exanpl e of a proteinaceous

ol ecul e cont ai ni Per §dedh kife FRededlt inFeriflohl She orMhiGHt Biali® adld HITE®IdsaayBeOt €i N
present in saliva, intestinal juice and other secretions 15 that is highly
enriched in bbuid diresty dr indireeilyi (etey virf a snitable limker) éd asolid sipkonyas dafidedray be

di | d,in.th th .and it f the i ti .
A ter ot §vel Dertin St eno it e SEROR hRdh St n RO RS o ai n sial i c
aci d mayp be gRagichDmoledilld »zhﬁeh carE6o bdimd (dirdeBP Sk §ldirsety) t&h s@lhid suppbgcul ar

cl oning and expression of human tunor-associ ated polynorphic Ithelial

muci n. J. Bi Shch Ghkegule26fy b 5B@Bed 1980) varkiy &f whdirglysynthetet rebmpinksiodrat i on
and sequenci ng}éof .a fDNA]]c ding for the human DF3 breast
car ci nonma- as SBET shitahledngt ﬁgn: Proc. Natl. Acad. Sci. USA 85: 2320 (1988);
Ligtenberg MJ L, agfey lhe. JrR 6@%n’a&ou§nf6%cﬁle%%%irﬁ§a§88ﬁ c%lisr}ﬁ&di L 1S
generated by a po ym)rB i C gene encoding splice vatrants wth alternative
am no ter m nMucd isBifdmmalian protein present 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 variants 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 nucin gene. Biochem Biophys. Res.
Commun. WOL3/0403¢7 (1990); snall intestine, GumJ R et al PCTNShzewbar
cloning of human intestinal mucin cDNAs. Sequence anal ysis and evi dence
for genetic polynorphism J. Biol. Chem 264: 6480 (1989); GumJ R et
al., Ml ecular cloning of cDNAS derived froma novel human intestinal

muci n gene. Bioaitgeaimd cBioddiymal Bedizatoioiino@0hdnddn trékdiéo-biRMhl masid
bronchoepithelial cell nmucin, Porchet N, et al, Mlecular 4 W 03/014367
PCT/ US02/ 2506&N4 conpininetapdeaty simsaishasquenresiof 48 brssipaiss. Bioehsve Bidniian

t racheo- br onghj i ,(m taini tandend repeat ed uences of 48
base pairs. g?%g%ﬁn%%giqg%hys. 165&2’5?5%%9%nf8“¥9gp¥%ﬁ ffé‘@ﬂe.a%%&qﬁenc_es for
nuci ns may beardly af e ftéQiitabascd dntiRling UenBanP i EPuIAALARES and MGéUdi Ng
GenBank and PubMed. These and other 5 nucins may be purified from natural

sour ces, S pr otwend maydwsriirifigd filog nagwrahsoneqeat poducey nechmbinaatly,yor gSreated al
synt hesi s of mﬁi(fi n,.a sialic acid-rich fragnment thereof, or other peptides
are wel | knofHHicp art, such as TBOC or FMOC protection of al pha- am no

groups. (See, Col CaamicaPynflesis ofHUCRNS sRIOhAERICH fHaBmeAIMBRhOGY othiY | €y 10
I nterscience, 1991, Unit '9). Alternatively, peptidés can also be

synt hesi zed bsptidagarewedl] krlomawvin tieodrt, sugihaskEB e pr FVEOE pritteionof aiphhods
(Merrifield, J. Am Chgén Féglc 82:%149 (,1962); Stewart an%i;oung, Solid
Phase Pept i d&EPHRMS: e eliginet abalurr g dieiosels in ymuyolog: Wikeygoy

Al ternajg vel yorerdeishtem Al UHB'%CLAI%nWe@f%éé&iE 4 2GS m‘ﬁgf]%é'%ﬂ; B;,s[ggne or

15 nore sialic acid noieties, such that em cal nofecul e ttached
to a solid sejfoown sbld pletse peppida eynthtsiemathbds/@/eraifisiol J ddrs uppar. iSof.or use in

purification b hem cally or otherwi se nodified to contain one, and
preferably n%ggy‘i%@ﬁé}ag}e%r%ﬁnﬂcY%gdSm RhaseBeptidg Synthess (fregman Sami et i es

may be direc ] t e,solid support, e.g., by a covalent bond or
ot her suitath%B‘Sﬁ&ﬁggaﬂi@h%%?ﬁstands bi ndi ng of the

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. Such a
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
| i nked t owbDhg/os3b7 d support, e.g., by a noiety which faciPCrfesozssobé ndi ng
of the sialic acid to the support. Such a noiety may be a protein, a

chem cal noiety, or another suitable linker. Desirably, the solid support
and/ or the nolecule containing sialic acid 25 contains 2,3-0-sialic acid

and 2, 3- N-si gialic aéid intbietids i9purgcdldrnwelhsuiet fer isdevhed thdyRirificati®n @tdetts. A
solid support (and/or nolecule containing sialic acid) contains one or
nore 2, 3-0- sFl@lFYeéfEf&Fé\Wetles is particularly well suited for use when

the purificationyapgetc gadanh HedidromaANYdcl ok iid AREHRELo-ERAd! et

a solid support ecu e COI’] al ni ng si a I C acl contdl ns

one or nore gale &b& di\@cﬂﬁbﬂlhéﬁ&ilym&ﬁqm ﬁ%@&@areﬂdn@{vh(io #Hosdonkigin @8 1S
particularly well suited for use when the purification target is derived
from AAVS. Methods for attaching the sialic acid noieties and/or the

nol ecul es containing sialic acid, directly or indirectly, to the solid
support are known to those of skill inthe 5 art. Solid Supports The
muci n, or otgendsuhpsﬁge carrying sialic acid, is desirably linked to a
solid support which can be used for binding of the purification target
(e.g., AAV5). Fofheswenpesther meleewe egrpangiplic ardd, imdrsirablydinkedhto aHowever

one of skill i,n, the erst.and hat ot her t Iecules
carrying si a??lbd %@P@%&é&%b%%uﬁgw E’I gime; Olfl Bt 1r%té S 8151 gﬁé/g?

parti cul arl yrgesdnvekibieeCraaaei BNl be title 1! flubin qqcﬁ@exzeﬂ ené bysklmpﬂhe afto the
solid support. Suitable nmethods are known in the art, and are al so

avai | abl@ f r vl tiderstand thaicang ogres Oﬁfhesmle@lf§mapmmg§1allxc\sc1dsw treemubstitptetihe
Lorm SOl 1§ SURROLI L heTs, LA YRetancey LN, 19 GelR resins
gg% alt gl ?ﬁeSbéﬂddqoaﬁé HiDsuft. BRiRBMIRE B stah@kndWiEinSh@hrt, and Glhi P! ecul e
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; International 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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solid support withstands binding of the sialic acid to the purification
target and renoval of non-specifically bound materials. Exanpl es of

sui t abl e wolB@isepports include resins conposed of sephaPeTaSIAZAPOSE,
cross-1linked agarose, m xed agarose 20 pol yacryl am de, or polyacryl ein;
beads (including mcrobeads); silicon; glass; mcrocells; mcrocapsul es;
mcrotiter plates; and bi ochips. Useful supports include those described
in | nternati 64ab,602t1.8t Pl N &t 70918 70U PREEREN 0. 1638, 6260h €US Rament Blo. 1999;

I nt er nati onal _Pat gnt P(ilb| i cation V\? 99/ 27140, published June 3, 1999; US
Patent No. 65396799Band pelstwsne-gieial [Bat BaenBY® |3 232:0%n WD Fotsnt beo7,

bl i shed 25 - var | ] d
Rnown. §nct eyt R ey AP B BbREEE Bl ShASE sB B LRI \os
6, 074, 884; 5iéhtictd Anahet thpeadBolid duppditingdextaidihe abowi-estcimidadaseger sed

col | oidal dispersions of magnetic ferrite g,U. S. Patent No. 5,240, 640];
netal [QS. Pbstae Wi a Byers coltoifal-gized\agtyltie selid eyedayipg thgwmingdexgranp

03/ 014367 P 2 1 ) 7 7; U. S. Patent
No. 5, 636, 20 T sOoRatRer R eBt adtRapt i Rb Ml B 1 P <
Pat ent No. Splep@afié;chita8eriRaioanhd Mee in ahal§gesé,of $Fpopalatibsd ESviTRYbl&dS0 be
enpl oyed as solid suEforts according to this invention. Another type of

sol i d” suppor gellsdy wagist klpod ave bsepdascriage Sepetg cHat: Ratest Nabs24&IE: M- Sh a

| ayer of col LaLdal- s | i ayi t he amnodextran
coating. Col g%‘?‘m‘é?’%%ﬁggf yagb%% %’ﬁwﬁo?%@%ﬁ%ﬁm %noadlgx&é;uﬂgﬁ%g, t hei r
prepar atd on, Pehacaehs104:8793298 NA00®Cand 0 aSiahys &5 OfysmbRp Al BBLIYYS Of

white blood cells in whole bl ood have been described. See, e.g., US
Pat ent No. 5(2048). 7paltegnatiye to this eoptedNubstBUESAPOBScarbhxySfunpEanatizedNo.

(2000) . and 805 ERARAEE egps BEGPS  Eree 5ot i Ipingt5t) O RRAL e nat  ve
to this coatgfiphiHpas A&Ab&NRIY PateRMNAQ¥Y630W20t I THRaE htstheRRlid ShyioeRe _
particles as the Core substrate, coated with am nodextran by EDAC coupling
as descri bedareknySn Rathone of\ikill ) 188 8rt 62 are Eveidablafrdmat Vaeietysaflcoohnsaugplor t s
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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are known to those of skill in the art and are available froma variety of
commercial 15 sources, including, without limtation, Amersham Pharmnacia
(Uppsul a,wBwadetsy7 Pierce; Biorad (R chnond, VA), and Be®kKmarsofZziwbé er ,
anong others. In one enbodi nent, the solid support is conposed of activated
sepharose. CnBr-activated sepharose may be purchased from Anersham

Phar maci a. However, other sources of sepharose and activated sepharose are
known, as ar therehinads vafsh@Dtoaembveahdomspeaifidalicboundtohaeria owpiderrdsninganpl es
of suitable actjyva eg sepharose include CnBr-, carbonyldiin dazol e-,

gl ut ar al dehya@szﬁq%bzﬂ owdriEdication taeget. Lerirablyothg|wash rengerids spleadt ed

sephar ose. Waloll ; jeal i i ' conpri si ng
sialic aci d“’%?c&f?éé%uft%g@g?&h%h 1% gs@(gﬁééﬁ g%%%%?lto glﬁé’?@éé@eq%g taged from anong
known net hodbuffer2® sdbinel Tiet dobdsn &rtkeradubiecmday adadhdd wakshiag sepuhdat ur er s of
the solid supports. I.n one enbodi nent, the nucin-linked solid support is

| oaded i ancitignsiwhichrmays theqruridicatigntargsh, Spdahlnitheplubomiredeenses 2 fi cati on

of a protein at ai ni (=1 LG i ndLngnsi I (S:€ i t, a
sanpl e cont af(ﬁn?ﬁ%ﬁ(ﬂl@%ﬁlg :hféhccgfl ?egllﬁrq?%&gdgqm?'epgé %‘ﬁﬁal%es‘%ﬁa@ k? 65%@%@% cel |
culture) is biffaw@shline sblucivh totaingly N4G accdridbitrai@nt bhit 1édReatddt pUM.fi cati on

target specifically binds to the nmucin-|inked solid support. Thereafter, 7
WO 03/ 014367Apethestiablesobigion cotaias phosrhats biiffersd galing and @hlast about 0.4 M

non- speci fi cgl . I.al ilee . [ ni the.. s i fically bound
purificati onﬁf1 gyg@ﬁ%&@lgﬁlﬁfgﬁa@ ,On’t%e o\gglélﬂq%lZtgegaen?anirgadsﬂglslgﬁg{, ot %gﬁ}cl)ltv her

sui t abl g r eaggidolutivfiiveliich silbadhicae 8thile eployts i Atedtiticeptthe @Gion redpehidiay €
buffered saline). The colum is then subjected to a further washing step
under 5 condbg ayhstitable @pidicaisegeat. onsalpilieiept. ¢agi areagentdevingsdpwabl ip the he

Ui tabl e oxarBreor LT Bhksps, ISl S usrheRB SO RSHC BT SEn ng NG
ont Al m. Phos e S e, ! P ElyEHe 0. R e
t hi s i nf or naothors, wiogkewdlt beteadily appatemetoghosecdiskilldadld art. slédllostingelutibn ef nat i ve
15 the purification target (e.g., AAVS), the AAVS may be subject to concentration by
conventional techniques.
In another embodiment, the mucin-linked solid support (or the solid support
linked to another desired stalic-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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10 salt solution which will achieve simlar effect. Alternatively, the
elution reagent may be any suitable acidic reagent, or salt thereof,

(e.g., aweagenschaving a low pHin the range of about 1PCo/S022096.

Exanpl es of such reagents include acetic acid (e.g., 1 m) and salts

t hereof such as sodium acetate, and 0.1 Mglycine (pH 3), anong others
which will be readily apparent to those of skill in the art. Follow ng

el ution of lmuchelinkedisblid aifport marigeidn{icedwith AAMEble bufe:r AAVRenayudaefazubj ect
to concentration by conventional_ techniques. In another enbodi nent, the
muci n- | i nked SHPAPISHIpBELISFUsSamREE- sol i d support |inked to another desired
sialic-acid containing nolecule) may be incubated with a sanple containing
the purification target. In such an enbodi nent, the sanple nmay be 20 a

sol uti on conParificagon bed Disgiostié Kitsr a cel lul ar culture in which the protein
to be isolated was produced. Alternatively, the sanple may be a bi ol ogical
sanple froma subj@wther gmbgdigest, oy Bxgntion pEradgsiadit setul Bpieseparatingadhei xt ur e

anpl e froma sub Siipesspantinate x
Mrventi o can ko et PASKCH BeRRlaR SRR OF AR B8 ot flate

bl ood, pl asmaecddrs g URAWhET £AVSRE 25 formed bodies are cells, particularly
bl ood cells. Such_samples may be purified by conventional nethods, such as
separation by cent¥Rifallyasichs kibgantaing psolidfuppeihbavirgsialic acid pies sigherpties of

_ hingsighc aasd piet sislirplids of
| anel i ng conpuunataRiPAle ReBTRRHE SRR Fbr PR B A,

order to adih¢sd ddsbigbediaie edt ndink @8sifibld ditbcdanBitethe 6liPEPPOMISLbRIERAr € t he
sanpl e for analéy5| s. 30 In yet another alternatively, the biological sanple
0

may be H ti sgeldosiaemhagion avid thésampde. WD 001HE1 dadableembodoane.5006011d

muci n-1inked_solid suppprt .pe adm xed w.th sui tabl e buffer or, other
di | uent for SL}pl’?(?ﬁbsafO?@%P%aPmrHB' G[O?ng% & WB@%F} (?gf%iﬁ’iyc?ﬁfué‘?'fa’ #dagnosti c
Kits I'n anot{hersa@plRaspaBed thréuldd thew@ixhhon provides a kit useful for

separating the 5 purification target. This kit is particularly well
adapt ed for use i gsdgbwea kivof dfc invensibn 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 with a 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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vectors (e.g., AAV4 or AAV5). Typically, such a kit contains a solid
support having sialic acid or a sialic-acid containing nolecule |inked

t her et 0. Boh/0sBhT d supports may be sel ected from anong tPeagsoze®es i bed
above. In one desirable enbodinent, the solid support is a bead or 10 gel
for incubation with the sanple. In another desirable enbodinment, the solid
support is loaded in an affinity colum (e.g., a liquid chromatography

col umm), andthetihforsatignl and Snipaassinédessatiofo gebform dhaiethod bn aghiidrit @oy, ang Ki t
of the invention may al so contain the desired reagents, _including wash
reagents, el BRECHiF feeeiIfng target el cdenmpare thareseligemosms Bydhatbingdient s 15
may be readi%- sel ected from anong the reagents descri bed herein, and from
anong conventional concentration reagents. In one desirable enbodi nent, the

wash reagent is &anstilsaioftier embadihieat, s intémion\Whdilleshiagt ean feuddetigg t o
physiolq?ic H, such as phosphate buffered saline (PBS); the elution
reagent s PHBS rEessned ofithgpwilicaipmtaaet (e.and AV donsempleatin edditieatent s and

devi ces. For I f Lllain the ar il |l 20 recogni ze t hat
reagonts suchoanmsiye M Sroruighd bdtE) Aeb o g el SRR BEekE o
that devi cesreageh vaficH pdringts vidal deetiofr 6f bifdiaBRI the pirifichtid®y tafb@VioGhe W t h a
100 K nenbrane woul d concentrate rAAV. These kits nmay additionally contain

reagent s necBwigsnle. (Ihivf istpartisulsely yalleslepied fertdstestioppbpurifivation fangeban ant | v,

the kit contains.instructions for. performn 5.the conpetitive assay and
pr opar i ng- ¢ hoowagil SR BoBDT st s PR BlE0H: TR Ruy o LT s e vent s and
buf fersid or téiRaifmERhESalid AGH-GAkEN suppert hisd fe@fentd AHIGbAXWBBRE, nSQTarther

di sposabl e gl oves, decontam nation instructions, applicator sticks or

cont ai ners, etideguariire whichsae wiseallycleestablfhe kits preferably al so contain
recesar L ST e o e T G oo s ™, £
i nformation apk-GRENAUNERL IMARCRISRAMMSICCIEY, bRETEIPenITB WIS £8 vﬁuggl ient for
any specific receptor and target cell, and conpare the results to norns
for that bi ndétegable. In one 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, alldphycocyanin (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-CyS5, phycoerythrin-cyanin 5.1; excitation, 486-
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site. In still another enbodi ment, the invention provides a kit useful for
detecting 5 the presence of the purification target (e.g., AAV2/5) in a
sanpl e. Iwoadai43sDn to containing the conponents descri bedTalsovesovcuch a
kit may al so contain a marker reagent which permts visual detection of
bi nding of the purification target to the nolecule. This kit is
particularly well adapted for detection of purification target in a

bi ol ogi cal s&8phm, émixsion, Ga0bHSim) [\.§. WapgumebbdddnaTN. B 4uaeSof 6K1:185-i n
addition to 10 containjng the sialic acid-Iinked support and reagents
descri bed abé%%§19|9ﬁ§/arf%vgh8?tenﬁ Ne 1 5uifd 8484 ried BCl{phyrogryehrin-tsyey tied;

det ect abl e. . .y erah | Sqt C rably
pr ot ei naceoug%mngﬁé’?gpewgsl%ﬁjt me{?sgdgl’ E?}%:‘S?S éﬁgﬁ?b%lﬁﬁ%‘?@?u?’é?’l%fgéﬁabl y

t hose whi ch 8rRateitN@I5,272,23¢1. eOthebkiowil tandeie dgosai®PE.Cy7Thape-098, kads enabl e
detection by emtting a detectable 15 signal of a Earti cul ar wavel engt h
upon exci t at Aek-6y7 BV} Reedererphgi Eiomepyotdl Hs 197 ¢(19Red mlaydem dyesy PGS n

fl uorescent ' sm;g! ' . | ecul e and certain.. | ecul es

det ect abl e bfg/lti (g%@e)pﬁ?%eans %%c%ngﬂl&ﬁdéregﬁo%g?ng%aiedi RArrgrien oalmlpﬁ%?e Y

anal yses. Segsvefl ghethddd ehatBivieBreSmiinothiofné BctNaneh opthe Ale. FEHIOHBSE RAtkeRY Obes
and Research Chem cals, 6th Ed., R P. Haugl and, Mol ecul ar Probes, Inc.,

Eugene, OR bichmmehe dipetiperivgad torpligabd Rpdpssdevithsthe pbyaebiliproteine opr esent
i ti hycocyani n, al.l oph nin (APC), .al | pph in B
ohycoeryt hr i RS g syl PMARRTRRE ihels o eV EREHE Rehe®
brightess fl uohesrentyd idyage GHAIl ABlkXles Mahlupbh %xci@lﬂﬂﬁ eﬂlﬁt»@&el&fgﬁa ot i body,

PE has been used to detect interleukin-4 in a 25 fluorescent plate assay
and in M C. kesthen 550 dmMSpch nutlecsles do notovenlep witkthé eiskd@s of the9- 117 (1990),

ard ound o REAl-ARLY bisker il etophons, Lheh produced cdequate <ignal
3,545, 104 ang S i B . o T By i st ul 1 n
t he present imybatnpioy8dimthe mpethoder prohide egditioml ooloRCGhe (Hepr&yms known
phycoer YSI hr Qs- t g%peieg ﬂ?lbxz‘lé;sce%)é g}ottg}ls! a(l)n ’bllélles f?ﬁorescent 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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10 WO 03/ 014367 PCT/ US02/ 25096 580 run, em ssion, 660-680 nm [A S
Waggoner et al, Ann. N Y. Acad. Sci., 677:185- 193 (1993) and U.S. Patent
No. 5, 171we48p1entd ECD (phycoerythrin-texas red; excitatiPem/USABS03¢5 nm
em ssion, 610-635 nm [U. S. Patent No. 4,542,104 and U S. Patent No.
5,272,257]. O her known tandem dyes are PE-Cy7, APC-Cy5, and 5 APC-Cy7 [M
Roederer et al, Cytonetry, 24:191-197 (1996)]. Tandem dyes, PC5 and ECD,
have been successfThk lfyllaving exdnyplexart pgaided td dlusoae cheoinatntdntandddines by
several nethods that involve imnothiolane activation of the dye. Still

ot her mar ker $mitdhe sepnsalererf directly conjugated to a ligand and used with
the phycobiliproteins or tandemdyes in this invention to add additi onal
nunbers of nmarkers (|l abeled Iigands) 10 to the nmethod include small

mol ecul es whisxampben -eRoduetioroof Klatrix FenéectogPsficdtionl ess t han 550 nm Such
nol ecul es do not qgverlap with the em ssions of the phycobiliproteins. One
exanpl e of such a TRdwredice aanatix, r adfandtypuridigatinroeiyveptarevith m A)VS @apsigs s are

listed ig th 4@?‘%&@8&%8@@9&@%%&#&‘% er nar kers which may be

enpl oyed in O provi itional colors are the proteins known

15 as the green f Beiefles0rhg pf ucinngpedrsl(Sipme, Stl LanigMBRiaspRb@sled #s3.5al so
useful may be nmarkers which emt upon excitation by ultraviolet |ight. The
bi | i pr ot ei ns ohkEBf-astiatad sgphasosg(Amesthamr Rhagnagia, dppstlabt wedepbipcoedingigs
sources incl ydi l. nt.er i reporat kon,. M am .., FL | ecul ar
Probes, Inc. Hﬁgﬁ%@ﬁg& I@ugarﬁ%;sPrTglg%rsgr?@l'%%‘%?’fg%ﬁ&'{rgeéjrpf%? md&() %Iéll\l{g er
markers or | ahebsckdt $€u3Sash alaneter ligyidearahitadrags o%@luﬁ@(erllrn@)' @ldl Washe@m

Wi

known sources. The methods for utilizing these markers be readily

appareniOto wid4 ok of BRS| pH 7t ¢Litfe Teeknolegies, fagnd lsland.\MY).ncubat i ng t he
el G- 1 nked ol 1 a erppRnent TR w5 bRisSREiReh et (e ShBlaideo ( ne
sol i d suppor tncddihgy£A VR r2 Rplafd Babiy¥E s chp) AnB KR IpeTRihclBnga | ncubat ed
in the eluate containing the purification target foll'ow ng the wash step
whi ch r enovedeschibed (ecAdricchilo) st abdlimm Geue Thirg 327 b1761(200J¢)t Cellsrfranhné0 gol i d
support. The 150 mm plates were harvested, resuspended in 2.5 ml of serum-free DMEM/plate
15 and lysed by two rounds of freezing and thawing. The resulting viral vector contains
AAV?2 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 AAV2/5 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 AAV?2/5 vector preps included physical titers (genome
copies), transducing titers after limiting dilution infections on 293 cells and infectious

center assays (Table I). Genome 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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selection of the marker and the detection systemare not a limtation of
the present invention. The kits provided by the present invention are
useful fowopaiissmi ng the 30 nethods described herein. 1PCWDS0B2:0961367
PCT/ US02/ 25096 The foll owi ng exanples are provided to illustrate the
invention and do not |imt the scope thereof. Exanple 1 - Production of
Matrix For Vector Purification To produce a matrix for affinity

puri fi cati onwete measuesdsfollowingdimiAdyBilatigmsinfectioDofiepicap vRysresigdet dink on
CNBr - acti vated sepharose. Briefly, 120 of mucin type 1-S (Sigm, St.
Louis, M) wH¥ RIewpreef adgnayinisgs d%*“@fﬁgﬁqoi ¢t ecdted @poig-ose (Aner sham

Phar maci a, Uppsal a, Sweden) according to nanufacturer instructions. The
resin (3.5 gmof freeze-dried power + 120 ng nucin) was packed in a 2.5 cm
di aneter liquid chromatography c®hbrl. (Si gma) and washed 10 with 24 nlL of
PBS, pH 7.4 (Life Technol ogies, G and |sland, NY). Reconbi nant AAV2/5 was
produced by Gonwgriset efaveldnarmpbnfesiinityofdid Vat eutifted byr€ddtnadienavs gfirityype 2
rep and §erotglgfr;m5 cap, and Ad hel per functions as described (A

Auri cchi 0, {4 , Hum Gene Ther, 12:71-76 (2001)). Cells from50 x 150 mm
pl ates were harvested,| resusipmised | nge/mn phigerum T eg,LIVEM glcat 4 15
and |ysed by|two rounds of fjreezing gnd thaw pg. The repul ting yigyal |vector
contains AAV2 invertgd ternminal repgats flanking the gene indigated|in
Table 1 ((3- [gFFZS[d r~enrancygg Tt UPLESEEN roter S tESHP) )
and ot her vegtor j’aec errgdgl}at?lg,6 i%s%‘g capy igdzwpme '}]}ggfﬁ V s?é'rlgé(ﬁ;(/)pe %!.gg;Pri or to
application pavvideg |afhi1sifteshaml ump 1tsheld'yshse xaont ai hpng fohe| AdV27]5
vector was tlreated asldescrilhed for (20 AAV2 [Auricchiol et al €ited
above). The {OMYlasd |yhi08 (veelmal | oydck 100 1 pddxHPBugh| t k0ol UA at| a

£ ] £ pDpC 9N

/ 1 aolac e EAY andl a1l 1t 1
rate of 1 I ERIVECH (AAT CRT OV T I Pk Riot O T s on

10 CMV.EGF | AA131 | column 5.6x10" 2.52x 10" 22x 107 | 1600
CMV.EGF | AA139 | column 3.8x 10" 2x 10" 4x107 1055
CMV.EGF | AA144 | column 32x10" 9.6 x 10" 3.8x107 | 547

NB. GC, genome copies; TU, transducing units; IU, 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
AAVS5 capsid, AAV2/5 or AAV2 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 AAV2, 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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NaCl (15 ml). The eluate was concentrated to 2-3 m through a MIIlipore
filter- device, washed once with 15 ml of PBS and re-concentrated to a
final volwom3nis3gz3 25 m to exchange buffer. Characteri Paftiusa2/ef09¢ he
AAV2/ 5 vector preps included physical titers (genone copies), transducing
titers after limting dilution infections on 293 cells and infectious
center assays (Table |I). Genone copies were determned by real tinme PCR as
described ( GsepaeingA¥S froAASRmd Biiet celhilar? ProgeiiZddus( ZQDA)al mdtdrfaet i ous
units 12 WD 03/ 014367 PCT/ USQ2/ 25096, were neasured following limting

di | ution i nf ¥&shdacksthe abitctgpirdgialicsasidg cel | line in the presence of
adenovirus as described (G Gao, et al, cited above). Table |I. Conparison
of yields and infectivity of AA V215 purified by CsC 2 gradients vs
affinity 5 Eahmpre 3# IPMiré CoBipjarisoxi afl AMV246rVedBils Isbldted M/ Muiz AA116

Csd 2 5.2 x 1012 1. x 1013 CW. |l acZ AA115 colum 1.8 x
1012 8.1 x 1&?%-‘ ”P?B‘Vf@ 0] &8 PW%&@%‘%ﬂalog colum 6 x 10" 2.4 x 1013 1 X
AAL3L oq] umn B b SRgs Srallddgdonieitd and infbethvilirabicishd evditdieldn AV o

u X X X
3.8 x 1012 2vitroldd Somiparalll@betd@Eid AASNYS Feodputifidd cohgiOeCE s@limed@fién 9. 6 x

1012 3.8 x 107,547 NB. CC, Hg none copies; TU, transducing units; |U,
i nfectious ufid enwc%m g‘ﬁ”é‘(ﬁm pronoter; EGFP, enhanced green

fluorescent protepp \J?ZM% anRh €6 gveﬁ: eﬁﬁ&dc‘e& o a &&ﬁﬁ@ﬁ IVQ&OJQOH'%I{‘[I&E Eftiate

Bet ween AAV2/5 and To test ypot hesi s that nucin
efficiently bisatd ahddivedzidan swdeqral frgctams MAVI/GLENBV -thc ZARMBE Swere efHAd2

particl es We{)l?rlfp Jdel%f Csé)élb(eA?AY\fé) r(])r rsn?llcllflbclo?umnrllj&lxﬂl ?S)dpurlﬁcatlon 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-polyacrylamide 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 AAV2/5 vectors purified by CsCl, (prep AA116) and mucin
25 (AA115) 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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then tested for infectivity on target cells as follows. 1x101 genone copies
(GC) of either AAV2/5- or AAV2- CW-EG-P were 20 incubated (or not) for
one hour WD 03M1436wi th 20 ng nmucin/mM in Dul becco-nodi fi ed PCEAgh®2®96redi um
prior to infection of 293 cells. Forty-eight hours |ater, transduced cells
wer e eval uated under a fluorescence mcroscope using a triple filter
(allowing for visualization of DAPI-FITC and rhodam ne). Micin was
observed to inhi bi Bixtweeksold il 5 BBl/@ BBcecwdrt $njbytedNAMRE Bblalik anetiori2 bf AAV2,

indicating that the sialj id caonpaonent of this protein was able to bl ock
the AAV5 cageﬁﬁid%*i‘ﬁléﬁ i’@losli <§§§?%\Z§-,nga%vm PyHigsh by b calumt dod f or
readily 13 / ﬁgggp&{g%{ E . : ot her
cel lul ar, p\r/\o@tsgg#g%dg%g%, and vi rélr% a%%%ﬁievrSe %P?%@gﬂéﬁggﬁlélﬁe@l ‘Qgg}\é%?‘fegedt o]

bi nd sialic aaivestedsestiphed 3nd Xigal dhinedd Conpari son of AAV2/5 Vectors

| sol ated_by Micin__ Col ym of |Invention vs. Prior Art Method 5 Yields,
transduclion ef fi dhesiaylagfginipeasty; apdmpmbeneli-gamositive swselsicelit ed in  vitro
are conparab \V/ §fi S| .sedifent ati on
and the nuci Lﬁ(ﬁgo ue\!irrlgéi}g‘9 &tg\h%dlqlr}%g%“{n?%ﬁugg%de%&s%iﬂlﬁégngrﬁrg&%é 1v%{r%etgi?or oduced

froma comoinvestdrowacaniianed bgthe HIISAlgnaatificatios of p\ghidedsidaset(@eCEqual
fractions. AAV2/5-CW-1lacZ vectors were either 10 purified by CsCl2
(AA116) or mdcPnl Baildme/mplampeincobimpiythil Bkl Bmeml)2/ 5 to eval uate their
ability to infectgif j lﬂ‘r’(f% ' i thelia firomthe apical
side. One week af tTfeHrS l{l(ggaﬁégdﬂggétﬁgﬁ i gogggep?}ésoﬂﬁeebg%dﬁ?ﬁnfqagao gf/trlﬁ%%%aﬁcal
gr adi ent® or impdeeomtieiiffectivity ot thd vitdl@ondivestpubified 8egebl- gal st ai ni ng was
performed. The purity of the AAV2/5 purified by the nmucin col umm according
to the 15 invention was conpared to those obtained by CsCl2 using

SDS- pol yacryl am d . - 129 SDS .PACGE)- f ol | owed by Conassie- bl ue staining
to visualize prot g‘iuﬂ)gl%bhﬁ#lgms on dﬁng?iﬁa%e‘%fé%a@? &% 1P?1°r¥?{8tegg’m?ﬁ BtFified
prepar at i onshérel PRI the hieveaBOEhab HReRHEICHBed 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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VP 1, 2 and 3 as opposed to what was observed in the Csd 2-purified
preparations which contained a nunber of contam nating proteins. The
nunber ofwbloa®i436T m ng 20 units (i.e., X-gal expressing celCrasobtioys was
simlar between CsCl2- (54.6 bfu/lxl 010 GC) and colum-purified vector (58
bfu/l xI 010 GC). Exanple 4 - In Vivo Conparison of Vectors Isolated by Micin
Colum of Invention Vs. Prior Art Method The infectivity of AAV2/5 vectors
purified by @@t lpmed iAA 116) and nmucin 25 (AAl1 15) were evaluated in
vivo followi ng injection into skeletal nuscles as follows and |lacZ
expression was quantified by ELISA of honobgenat es or X-gal staining of

hi stol ogi cal sectijons. zld.MEy @34 a;r a?g%@gﬁn%? %?ﬁﬁ)lfeu?l d mal e

C57B1/ 6 m ce vverelnjectedlnthetl I'S anterlorls I'egs with

| xI O' GC of mwhib-sphbifitaltyimdstshedic apids; ISEfld ettthng dotpiisingahdistep of: CsC12

gradi ents. Twenty-one days after vector adm nistration, the right nuscles
wer e harvested sect | ing the particatian 185k P coptapha mojssitlesompyising siakicensi t v

and nunber cla hR B lii&d W' SR l)ﬁ 8 bafiRchE Aroat B0 L NE
s Sibit, WA B ACR

vectors puri muci n col umm accor nven s COmnt i r med
by the ELI SAatbmalntg §1lledattsmln: aeid ﬁSelgaIWQtlﬁlﬁ]nd&?ehe(xﬁEBﬂ:ﬂe N=5, 11313 ng/ni;
muci n col um: N=5, 183123 ng/m). This indicates that the purification

met hod of the inventi ohegy tﬁép%ﬁ?qtlﬁﬁﬁﬁr&‘ﬂ comprisefracapsigprethia seletedt i vity of

Speci {1 cat | on oy e BRuBHERAER JAERY soblipe W Bl EBIS  AAT R M on

has been descapsblqdowirt, hnd etqysmmﬁrm@ PRdgrhentbid XA r &f RAVEapsidodi ment
it will be ap Brem ated that nodifications can be made w t hout departing

from the spi Whichgpniahs thhiading site fosisiahic geidi i cati ons are intended to fall
15 within the scope of the appended clains. 15

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, wherein 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. The method according to any of claims 1 to 4, wherein the purification
target and the molecule-linked solid support are contacted by incubating a solution

comprising the AAV and cellular materials and the support.

6. The method according to any of claims 1 to 5, wherein the solid

support is packed in a liquid chromatography column.
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WO 03/ 014367 PCT/ US02/ 25096 What is clained is: 1. A nethod for isolating
a purification target conprising a protein which specifically binds sialic
aci d, saiwomeihsd’ conprising the step of: allow ng the purPCiusat/2me t ar get
to contact a nol ecule conprising sialic acid which has been |linked to a
solid support, whereby the purification target having a binding site for
sialic acid is selectively bound by the nolecule, wherein the purification
target conprises & capdhdnpetlodeiccordmigéc tmyof dlaiam It the, frrthepcanmédisd theg of an

AAV serotype 4 capsid protejn, an AAV serotype 5 capsid protein, and a
capsi d conpr F&P Hga’ S}PPgﬂ’i‘?éH’t‘g SHPPH IARSOsrmatanal fromm tiednixiyise whichomaains t he

bi ndi ng si t €313 bbinPG!the mBlecll ﬂin?gga E\%%Pﬁpcordi ng to claim1, wherein

t he nol ecul e conprising sialic aci 3. The method according to
claim1 or claim2, wherein the solid support 1is selected fromthe group
consi sting of sepharosi ag%{ose, and a pol yacrylam de resin. 4. The

met hod according fo cl APfsthodiesrdingtp ansef glaims i dr further caneprisingibe

car bony! di | SR B O R ™' Cosyl

chloride. 5. The nethod according to any of clains 1 to 4, wherein the
purification target ang t he nol ecul e-1i nked solid support are contacted by
i ncubating a sol ufi on 1B®MsHdiageprding toplym & gfugthen Gamprisingithe stap of and t he

support. 6. , J ] f.,clains 1 to 5, wherein the solid
support is pggﬁggﬁ%n%ghggzgégb r%ﬁ% od? ehy colum. 16 WD 03/014367

PCT/ US02/ 25096 7. The method according to any of clains 1 to 6, further

conprising the step of washi ng the solid support to renove material from
the m xture whi Chlg.s ndrimethod 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.

11.  The method according to claim 10 further comprising, following the

washing step (b), the step of separating the viral vector from the solid support.

12, The method according to claim 11, wherein the separating is

performed by a further washing step using a concentrated salt solution.

13.  The method according to claim 12, wherein the concentrated salt

solution is phosphate buffered saline and 0.4 M sodium chloride.

14.  The method according to claim 11, further comprising the step of

concentrating the separated viral vector.
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specifically bound to the nol ecul e-1inked support. 8. The nethod according
to any of clains 1 to 7, further conprising the step of separating the
purifi catworsassget fromthe solid support. 9. The net hodParamoz2Iege t o
claim8, further conprising the step of concentrating the separated
purification target. 10. A nethod for isolating a viral vector having a
protein with a binding site for sialic acid froma m xture, said nethod
conprising the stdpfs ofThe freethcall dcoaviding tewany af elaiensvitdito i 5 cwhérainnke Edpeidvi r al
vector to contact . cin g\hi ch has been |inked to a solid support, whereby
the virus isPE¥FBASselestsH Irosp (eeemBYP MSISHIE Phan AAREHE LRFYH FaPsidpgteis pn

washi ng t he 1 rt & V, ] . LXE U j IS
non- speci 1 cal 1y Boahg rapt RRr R A ELafil mbliah kA RLE AL AXTHEF
accordi ng to A% maphll Which bextaine therbisding sitd fok biali¢ agd.t he washi ng step (b),

the step of separating the viral vector fromthe solid support. 12. The
met hod according to claim1l, wherein the separating is perforned by a

further washing stgp U%L\lﬂguéﬁﬁq @eaécﬁﬁ%g%uﬁﬁut@ggggéiﬁgaﬁg}gilr%mﬁ gt hod

according to claim12, erein the con trate ni's phosphate

buf f ered sal comprsidg 6 silidkaddinked ©h sotitd deppoldand Breagent WhithaegeitaVingl t 0

claim 11, further cog;gnrfj,si n ) the . step of concentrating the separated viral
1

vector. 17 WFlGQHamA: bespyriDention targe to fheanplgewe dvheedibihe ng to any of

clainms 10 to I . i LIy 4 I f e gnLeup
consi sting op aigﬁca\gfg\ﬁlﬁfggcg%&%gg%%gge%&%%étaefﬁ? ﬁ%rgf gﬁgjnss{gﬁg% §€%ﬂ gAggpsi d
protein, andsaotyppdicApsidprordis,iangA AVisergrperit capsid protéiAVér DfragmYof gapsi d
whi ch contains the binding site for sialic acid. 16. A kit useful for
detecting a PpdtYTPeAfiVorrapsid geateip hayingpbinging sitefpysigliqacidonprising a sialic
acid linked to a solid support and a reagent which permts visual

17.  The kit according to claim 16, wherein the solid support is activated

agarose with mucin linked thereto.

18.  The kit according to claim 16, wherein the solid support is loaded in

an affinity column.

19.  The kit according to claim 18, wherein the affinity column is a liquid

chromatography column.

20.  The kit according to any of claims 16 to 19, wherein the kit further

comprises wash, elution, and concentration reagents.

21. A method of detecting in a sample the presence of a virus with a
surface protein selected from an adeno-associated virus (AAV) serotype 4 capsid
protein or AAV serotype 5 capsid protein, or fragment thereof, said method
comprising the step of utilizing the kit of any of claims 16 to 20 on a sample to

visually detect binding of the virus.
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detection of binding of the purification target to the nol ecule, wherein
the purification target conprises a protein selected fromthe group

consi sti MyoaB/HOa36AAV serotype 4 capsid protein, an AAV s@Catuspp2®H9€apsi d
protein, or a fragnent of an AAV4 or AAV5 capsid protein having a binding
site for sialic acid. 17. The kit according to claim 16, wherein the solid
support is activated agarose with nmucin linked thereto. 18. The kit
according to clai 2216, Advenmisition wsefabini bdnditigp putifi¢asioh eagadrdnna nédrtuad fi nity
columm. 19. The ki.t accordi ng_t ck,ai m. 18, wherein the affinity colum is a
liquid chrof¥TBEARAYeES P - Gelalisaed maicty apd aideay oy 2.ary-SBlic efidi ms 16 to
19, wherein Hhgedkiihkdddota\8lid s i ses wash, elution, and concentration
reagents. 21. A nethod of detecting in a sanple the presence of a virus
with a surface protein selected froman adeno-associ ated virus (AAV)

serotype 4 capsid_  protein or V serotype 5 capsid protein, or fragment
thereof, said netRod AdRphePd phgindmg ag pdenosassepiated ¥irdgAMNE Vertor bavingly of
clainms 16 to I : j I i ndi virus. 18 WO
05 014307 PO 0L 95BE™ Pyt gr Eh 3Bl sihofEl Sehyed BRIIE Sl 4 §TyH S

puri fi cat i onnteitogesonfprisimgahestey off iacubartipg itkicogpasitibeastladne? én BisBeskal i €

acid noiety and, at | east one 2,2-N-sialic acid noiety linked to a solid
support. 23. Medipdttpdheultyiendi ng an adeno- associ ated viral (AAV) vector
having an AAV serotype 4 protein or an AAV serotype 5 capsid protein from
a culture, said nethod conprising the step of incubating the conposition
of claim22 on lysate or nedia fromthe culture. 19
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