MEDI A FOR MEMBRANE | ON EXCHANGE CHROVATOGRAPHY Thi s
application clains priority of U S. Provisiona
application serial nunber: 61/003,694 filed Novenber

ot ofDEn PR MEBRRE. ol il ihe T MBI |

~ purification is an energing field of bioseparatjons. . ,
This sppteCihige SABaREs PELASHtY W ey aFECTeEesEaryappfication
seriaenaumbiarapy6el PABcAP4st ubhkad t NevemkEitt i okt metHba  the
disclofurpuef fvicathohs haseryoratedabenernfbyarpéArenseno

| onger economcal. There is a need to develop faster,
| ess expensi veBACREROURD cOBCTHEaDNERTEION| cat i on
t echni ques. .Chr omat ogr aphy has  been .used for_ virus :
BT 1 CHER5A B ARred YR neTRES Bfnd SOr. BoabiosPPAgRtLons.
reports on chromat ography-based virus purification
Since ddtag draclemgyoidts halff BehturyiiSees faie eXs@ffSaar divg, gene
I.; Yaoi, H; Kono, R ; Witanabe, |., Separation of
theramgenovilinscby clytonbtexyr aphyhen DEABddé¢lilomladse. method of
Virology 1961, 13, (2), 264). Menbrane chronmatography
purifi@st Bé@y t edngakdiyNg atlepbtontreeeghtyonphenieapaabty longer
and usage limtations of bead chromatography becane
economfld PUS. THELRNG ANk OB 8XCRANGRNS] HCHh S £ N0S8sBagedensive,
on quaternary anmoniumions, are used in downstream
. i S ST apt ug
and mBEQ SRR el Lo Eon B kg Bhe B3, hPnatography has
ndot oxi ns, Vi ruses gg%g I,c_acids, and host c

. |
been %F&Fei QT (HARUS t REET F88entPT HF Tt ds lspucﬁhgs format  of

bi ol ogi cal fluids, particularly solutions of . _
beadsnaﬁapggtﬁgﬁpqﬁ%tﬁ@réﬁégppéggraphy—based virus purification

date back about half century (See, for example, Haruna, I.;

Yaoi, H.; Kono, R.; Watanabe, I., Separation of adenovirus by
chromatography on DEAE-cellulose. Virology 1961, 13, (2), 264).
Membrane chromatography has started gaining attention recently
when capacity and usage limitations of bead chromatography
became serious.

Strong anion exchangers, such as those based on quaternary
ammonium ions, are used in downstream processing as a polishing
media for capturing negatively charged large impurities, such as
endotoxins, viruses, nucleic acids, aﬁd host cell proteins (HCP)
that are present in fluids such as Dbiological fluids,

particularly solutions of manufactured biotherapeutics.



1 Traditionally, anion exchangers have been offered and
used in the bead format, for exanple Q Sepharose(r)
avai |l abl e from GE Heal t hcare Bi 0o- Sci ences AB. However,
TradiT{ihcgnoal'@Jggm alnllr<?nt éx % é b%%@ebaéggns%%f%%c[ egH!:lr Q®sed in
1 une “col unms e??ectlvely ca
i mpurities, In_bead-based c f, th
the BepR | ABFESGar {50k %ﬁ%ﬁ%ﬂﬁarQ%dgang & s TTRee grom G
t he bead. Consequently, the separation process is
Healthemied eRi PySSEBRCEPNEE -t hellPUEESH! FREISUIPAspbififations of
typically controlled by pore diffusion. To m nim ze
bead-hdred detElishenateqwisi st ancgeantd loorcoaplunnpy tmxehfgetively
dynam c binding capacity, small dianmeter beads can be
captuehpingyedi t Hosvever, the use of snall dianmeter beads
cones at the price of increased columm pressure drop.

onsegyepitya theoRRtbraghyonmekt PepHativeilable surface
chr omat ogr aphi c separatlons often invol ves a

area ggggéag?§§ggggwﬁsﬁ %fﬂfﬁcyéd¥Hé”b§a%apaG¢$Msé§H@$£1y, the

um pressure drop (Il arge beads
ntras t ane; based chro togr iC
sepe= kT nE kol Rl R he oot 36%5@%5‘99 bt mass
gands attached directly to the convective, nmenbrane,

transﬁﬁﬁ%slStFEPéB?léVlﬁPﬁ&FP deCh®Yefrdd LigFusHeler nap minimize

pore diffusion on mass transport. Additionally, the
this gddé&fyrimnedoper LSt aradr amel SEDREPAL eBNWLY h MEdgie dynamic

menbrane pore size distribution coupled wwth effective
bindirfd ovaphsttybusnadl daamegiteirniceedaxicdn dispensionedndHowever,

provide uniformutilization of all active sites.
the uf®nsequentllly,dimssdr ansdi®s caves at merbrnanece of increased
column pressure drop. Consequently, the optimization of
preparative chromatographic separations often involves a
compromise between efficiency/dynamic capacity (small beads
favored) and column pressure drop (large beads favored).

In contrast, membrane-based chromatographic systems (also
called membrane sorbers) have the ligands attached directly to
the convective membrane pores, thereby eliminating the effects
of internal pore diffusion on mass transport. Additionally, the
use of microporous membrane substrates with a tight membrane
pore size distribution coupled with effective flow distributors

can minimize axial dispersion and provide uniform utilization of

all active sites. Consequently, mass transfer rates of membrane



2 sorber nmedia may be an order of magnitude greater
than that of standard bead-based chronmat ography nedi a,
allowing for both high efficiency and high-fl ux
sorber> SRAIAL | 832: pel NGE 8%59&60@ B £ RIACK B, FEPDRANRGS that of
are very thin conpared to colums packed with
bead- based nedi a, reduced essur.e_dr : -
SEanda3 0 e he e LR oURE BUF Bt 2EBed P RGeS SRS (i Ay nioh
. flowrates and %roductivities. The necessary .bi ndin
efficiensci AP shiehched oy SCRF AL Wefbr an Iﬁ#asﬁ%Pﬁ'eengr even
internal surface area, yielding device configurations _
stackesf neiMgrangyecdpaveer HoheFghraradi 68 COd/MHS Kgeed with
nost of the capacity of chromatography beads is
bead-hadest nakdtie , t heeBeadd merdmanes bdsepschaveatiogizphplong the
systens gain advantage over beads as the size of
chromadsprdatiec emdd,| exHucr edsdes ingas interaexanplféowi nrates and
going froma protein nolecule to a virus particle).
produdiperids designed neerliane SOIMersy hawe gt ograpiiied by
efficiencies that are 10 - 100 tinmes better than
. S pr epar.atd e, . - Si S ntly; ;
using P h e s R S B O R T SRS R et aine
. _sorber, a bed height 10-f ol | ess,.can . be utilized. Be .
deVlCEieﬁﬁ?ﬁégBFai}gnﬁng%%evg?%h ?Hg?thﬁﬁ%ﬁﬁ?énéongﬁéﬁgi fatios
conpared to bed heights of 10-30 cm for bead- based .
(d/h) sySi-BRE. TREL t &% hENBxtGHAE Idol uRh aSpedtatagyerly beads is
required for |arge-volunme nenbrane sorbers, device
intermgwElsityn thke cbpafeamentyansaib@ssidn ateonafegearhy systems gain
per f ormance advant ages associ ated with nenbrane
advantsordberser ppepés bl ¢éheand zeutdfetadbistivatheit ensibies increases

(as, for example, in going from a protein molecule to a virus
particle).

Properly designed membrane sorbers have chromatographic
efficiencies that are 10 - 100 times better than standard
preparative bead-based resins. Consequently, to achieve the same
level of separation on a membrane sorber, a bed height 10-fold
less can be utilized. Bed lengths of 1-5 mm are standard for
membrane sorbers, compared to bed heights of 10-30 cm for bead-
based systems. Due to the extreme column aspect ratios required
for large-volume membrane sorbers, device design is critical. To
maintain the inherent performance advantages associated with

membrane sorbers, proper inlet and outlet distributors are



3required to efficiently and effectively utilize the
avai | abl e nenbrane vol une. Menbrane sorber technol ogy
is ideally suited for this application. Current
commer ci al menbrane sorbers, however, suffer from ,
requinest i bas Af BiwberslYi malcldphgerbweapacitilizgoshe available
separation frominpurities, and difficulty in eluting
membrai | ¥oedmaat eriahbrabsosptrbenr refdmo ey akbng dgrldfy suited
matter by perneation into the body of an absorptive
for HAleriaglpl iAdsarpti on cefreestt ocommeental ohemblkecal esorbers,
froma bul k phase onto the surface of an adsorptive
howevd®di 8¢ HOF Pl QM i+$1 A dehefabyb8ERyt hahchneliudesl bpt Bapacity,
adsor ption and absorpti on. Slnllarfy, a sorptive
terial. ti Vi herein d a - ;
pootr 25% %%%%%é er€9§@ agﬁ%gg%#g S’org%gviggp%ﬁg%ggythé? ag%utlng
, . 0or absorbs or both ad- and absorbs. A nmenbrane sorber
purified M3t porous, interconnected nedia that has the
ability to renove (ad- and/or absorb) sone conPonents .
MIsriet R | BAL ARentohE akapge b |Idwd At Fudhy i P&IMpaFegn 1nto
The properties of the menbrane sorber and its ability
the hwly perff oem weldsanptiitve r egierdd lappl | BdEPsrtdependeefrs to
the porous structure of the nedia (skeleton) as well
movemdst 00ft he leatilres ofrom he sulkageéadwmtoniso expesedinimashecf an
solution. Typically, the porous nedia is forned first,
adsorpt O and@lymer sbhat idaes snat gatiessol veewi st | 1heludes both
wat er and possesses acceptabl e nechani cal properties.

adsor%gggpgéﬂgi £§Q$§p£§oﬂfefeﬁ@ﬁila@l??{gyssﬂﬁﬁ@iaﬁeH@ﬂg¥¥al or

ase separation methods well known in the art.
sorption device herein denoted as a sorber, refers to a material
or device that either ad- or absorbs or both ad- and absorbs.

A membrane sorber is a highly porous, interconnected media
that has the ability to remove (ad- and/or absorb) some
components of a solution when the latter flows through its
pores. The properties of the membrane sorber and its ability to
perform well in the required application depend on the porous
structure of the media (skeleton) as well as on the nature of
the surface that is exposed to the solution. Typically, the
porous media 1s formed first, from a polymer that does not
dissolve or swell in water and possesses acceptable mechanical
properties. The porous media is preferably a porous membrane

sheet made by phase separation methods well known in the art.



4 See, for exanple, Zeman LJ, Zydney AL,

Mcrofiltration and U trafiltration: Principles and
Applications, New York: Marcel Dekker, 1996. Hol | ow
fi ber and tubul ar nmenbranes are al so acceptable ,

See, dkal eeonsPlA,separane poced¥ingystdp, i Mignafjytration and
required to nodify the external or facial surfaces and
Ultraftiie rdtnternabPrpocepdesf aoed dppfheatopmsd pdeougork: Marcel

structure to inmpart the necessary adsorptive
Dekkerpromgméi es. Shpteotherimabr anel StbwThidr endnordien are also
formed from a hydr ophobi ¢ pol yner, another purpose of

t1f surdace mmdi fi cat isepaster | prabegstagmkecphe 11
accep aEﬁfaces hydrophilic, So?amater &éttabse gThlsanvéﬁtlgiua Y

requlgf ates ﬁgdé@ onFﬁXCth9§r8QEOQﬁ; %ﬁ iR ces and the
gS|gned toparifty erus$s hsuc as a enOV|ruses

, Adenovirus is a vector o 0i C ene th :

interigldets PEEEaCeR: wh & ok BHUel BREHS Sadd L g to tmpart
cells easily. The npst common serotype IS Iabeled Ad5

the pecessasyi | y2ERpFRE3EA i PIPRETTERS - buS T&fui r &€ ffibrane
t horough purification fromcell proteins to avoid

structhatseiposfiar Sogrmalds fromuet heydterine®eet ined Wiydi egnother
O course, pure adenovirus is also required for its

purpodt t bfatthe applrifeati ansdifieat peme sttleer apy andcgo to make the
vacci nation. El ectrophoretic studies showthat Ad5 is

surfasdd anghyoeortd vedy ehesgedeataptt. around 8, while nost
speci‘es in the cel | | ysat e suspensi on have weaker

éﬁ?ﬁgﬁiﬁveﬁéﬁé%‘”}eigg MRKLS ;aRLAN §§€H§Hg@ chromatography

romat ogr aphy a SUIt e technique for
mediapuggghgagbonix§ purify viruses, such as adenoviruses.
Adenovirus is a vector of choice in gene therapy studies. It is
stable, non-enveloped, and infects cells easily. The most
common serotype 1is labeled AdS5. It is easily expressed 1in the

lab, but requires thorough purification from cell proteins to
avoid false positive signals in further transfection studies. Of
course, pure adenovirus is also required for its ultimate
applications, i.e. gene therapy and vaccination. Electrophoretic
studies show that Ad5 is strongly negatively charged at pH
around 8, while most species in the cell lysate suspension have
weaker charge at this pH. This makes anion exchange

chromatography a suitable technique for Ad5 purification.



Ani on exchange nenbranes for virus renoval and

purification have been prepared previously by chem ca

grafting technique as taught by US Pat. 7,160,464. It

teaches preparation of a nenbrane engrafted with . ,

Apdypmerich adidfe RAVP TR SRV AG BREUSr TRBPF S pSiY iR Lcation
charged groups. Those famliar with the art of

have enbrmnepawnei f Praviionswyl oy eddinicappgeefatadt fgchaique as
grafting process is specific for every nenbrane

taughtsubst r @e, Peequi r7es 6 (gdvainced tequicprirds amrepdsrsive of a
devel opment work. The present invention offers a

'membra%%g@dgﬁﬁﬁﬂéd/ﬁﬂﬂﬁ”ﬁ%%ﬁ@@f@@cgiﬁ@ €heahkNGa&ing one or more
positi'vely charged menmbrane sorber based on direct

positi&@at) Ngnaf. etdlfqe Ry ane. o {dner Qg At feacheshe art of
gre a{?tlf_ of n{g EXC agge nFnbrane wi t hout ]

irec i nkin e char surfac c [ t e :

membzafi e Y Fh Reh T are. - UG FAEL . 780 27 fopongytt B frafring
preparati on of a positively charged nenbrane conprising..

procesg pdfousPesitists atféDrancPVae%f SR cout %ﬁr?ﬂ%'l udf gt s
a pol ymer backbone and pendant positively charged

advancgdoupdyuinhenei ancactxpendbne JeFsi-OPRENE chaf fed TCoupresent
is directly Iinked to the backbone through a polar

inventdpacesf GFmripa by ignsifigle tiond irdowey ezpprhechpitesamsating a
of a polar spacer group adds additional nodes of

positivRler aghhPHSd betareeraridiestepbranesdd f ane @hdetthecoating of
sorbent nolecule, such as dipole interactions and

the m%%%&%%%n berdiRg. cFher | atter-asenysr ypdepbiretlibnt Oof anion
nodul ate under the conditions of traditiona
i ol ogi eparatj qns.. I a t

excha%%e QOLSAL LS §?§§¥ﬁ§? aitlc qgntﬁ%gg bLe QoL Surface

sorptive ne Interacts w [ ution

coatiﬂ%onpgnﬁﬂﬁf sgpporting membrane. US Pat. 6,780,327 teaches
preparation of a positively charged membrane comprising a porous
substrate and a crosslinked coating including a polymer backbone
and pendant positively charged groups, wherein each pendant
positively charged group is directly 1linked to the backbone
through a polar spacer group by a single bond. However, the

presence of a polar spacer group adds additional modes of
interactions between the membrane surface and the sorbent
molecule, such as dipole interactions and hydrogen bonding. The
latter are very difficult to modulate under the conditions of
traditional biological separations. It may be desirable to

create a sorptive media that interacts with solution components



predom nantly by charge interactions, which can be
easily nodulated and fine-tuned by ionic strength. For
exanple, in a typical appl i cation of adenovirus
purification, gh ionic stren th (hi ?9 1
predorfbﬂdﬁé&r%t&f at?%n) Ché‘ra%edlfl?ieéla%é PRe v.W?% of 32} heP®  easily
menbrane. |f other nodes of interaction are present ,
modul atteed 9hé|ihﬁeiﬁnﬁﬁdeHYVH#U§1ha§tb@n@EHucéﬁ”fTﬁﬁ@mp@ﬁe in-a
present invention discloses creating a cross-I|inked
typicaioatamgl Drethen soff aceleobva rmiscr gporidisateanehidat ionic
has positively charged groups connected to the
stren kbpngnhofsdiie eeatengrpelyner iy asedi ngl eehonepdltsy virus
i nker. SUMVARY OF THE | NVENTI ON The probl ens of the

off t%ﬁ:ﬁ%m@%én@avﬁfb%%ﬁegv%b@%@ecﬁyJkﬁ%rdHﬁEEH“aﬁ@Vﬁﬁéé@ﬁt the
provides nedia and devices, such as anion

I, I such i a in an
vield X %S% R A
non- speC|f rotein_bindi The tive
lnven%ﬂﬂﬂgﬁéﬁ%? itRct a?bg?he 3 coat Thy” gg%ﬁ%oneg%y 5ng on  the
non-pol ar |inker, and the base nenbrane nateri.al
surfagsy ePér abl PLGIPPRIRGh REFRERIar t\néntghhaﬁowétwve%%e‘/ charged
The nedia operates in a bind-elute node, with elution
groupderngnkatied ttat edhsy haghbooni @fstt]@ﬁgtqq?atllﬁ@ negigmer by a
provi des superior application performance, caustic
singleleanaidldt ylinkad. ease of device manufacturing. 7 In
certain enbodi nents, the invention relates to porous
sorptive nmedia conprising a substrate having a first
ext er nal

SUMMARY OF THE INVENTION

The problems of the prior art have been overcome by the
present invention, which provides media and devices, such as
anion exchangers including such media, wherein the anion
exchange coating is formed on a hydrophilic substrate with low
non-specific protein binding. The positive charge 1s connected
to the coating backbone by a non-polar linker, and the base
membrane material is preferably ultra-high molecular weigh
polyethylene. The media operates in a bind-elute mode, with
elution being facilitated by high ionic strength. The media
provides superior application performance, caustic cleanability,

and ease of device manufacturing.



side and a second external side, both sides being
porous, and a porous thickness between them the
substrate being hydrophilic and having a sorptive
mat eri al substantjially covering the solid nmatrix of
the Stimar ETRRGIRE i sFPEndl BBt extiéHfies  to porous
surfaces, the sorptive material conprising a .
sorpt kyosgkidikedcpapyhetng havi agbat rakhedagidder parfi rst external
amoni um functionality through a non- polar linker. In
side eedt ai seembodigmrdgal heide psbothnkedepologimry parous, and a
nodi fied with a charge-nodi fyi ng agent conprising an
porou®r alckneeenusette siavichgmguaties Natysapaesi Weigiupsdrophilic
connected by the non- polar linker to a noiety capable
and h@¥ih§aGt G-y {14k tHeLEF 088- shb%gﬁtﬁzgggeroovmrgj geRéCsolid
conpound can have the fornmula Y-Z- N )3' X-, wherein
matrigl!é%atﬂ%§cgdﬁ%éf%9@nQﬂQio%%e Z§H§s§ NAfy pg%@%nd external
al i phatic or aronatic linker, an I's a negatively
charged ion of ,a water-soluble acid. In certain.
surfaghpoateneBrBERES! TVBREIGH KETRIGS I it RoRLipked polymer
~ purifying a virus, conprising passing a solution
havingoppERSPAg IHRECVNREY PHFGUGH R aRriaie tid adsbFpughea non-
virus, the nenbrane conprising a substrate having a
polarfligkeext erfral ceideimndmhosiémend s, exther natoss deinkethpolymer
si des bei ng porous, and a porous thickness between
is motihéhpdsaiidhsubsthat gebedddf hydyophehic camgbhisndimy an organic
sorptive material substantially covering the solid
compoied rﬂﬁévi)lflgtQ@até@ﬁﬁﬁ:gabﬁm@&Quﬁnh%ﬂdurpﬁ Athseeondby the non-
external surfaces, the 8 sorptive material conprising

eolar PSERSEl U BRLIUEL DAL, LBl BRI he crosa-
linked polymer. The organic compound can have the formula Y-Z-
N(CHs3)3'X™, wherein Y is a reactive leaving group, Z is a non-
polar aliphatic or aromatic linker, and X 1s a negatively
charged ion of a water-soluble acid.

In certain embodiments, the invention relates to a method
of purifying a virus, comprising passing a solution comprising
the wvirus through a membrane to adsorb thé virus, the membrane
comprising a substrate having a first external side and a second
external side, both sides being porous, and a porous thickness
between them, said substrate being hydrophilic and having a

sorptive material substantially covering the solid matrix of the

substrate and the first and second external surfaces, the



washi ng said menbrane with buffer; and eluting said
virus off said nmenbrane. BRI EF DESCRI PTI ON OF THE
DRAW NGS Figure 1 is a schematic diagram showi ng the
surface groféle of a menbrane in aCﬁor%ance mﬁih havs
SOTPLLYT t aPALERDBYI MR M i e 2 | §T25§rapiest tFe1¥iFon Naving
of adenovirus; Figure 3 is a graph of the anount ,
quatepRpaY bedmaid U8 ufBactigendditrusthePudh f fr &R RYlgL linker;
purification nmenbranes; Figure 4 is an SDS- PAGE of
washirsg aseidg eeibrdanysawe thf llontfetw oaghd soluiion, saashiwnigrus off
solution and the eluate; and Figure 5 is a graph of
said mdmbesheAd5 as a function of degree of PEl nodification
wi th BPTMAB. DETAI LED DESCRI PTI ON OF SPECI FI C

EVMBODI MENTS Th& 1piFe DSSCRTIMAUN OF MHERDFRAWINGS por ous
chromat ographic  or sorptrve nedla having a porous,

POLYFBr{ c4 60gt ishg farmed on anpcgkﬁﬂﬁzngse%}flé_SE‘QQEEEEnQrofile
substrate, and to anionic exchangers 1ncluding such
media. The media i,s particularly suited for the. robust

of a TRIEART ot vis e Sp e el BEbYa Ry RSalhehPS; Lo
The porous substrate has, two surfaces associated with

FY I Qeonet rd cIBrPphYSi EAF Tt ot o 2 OFPRETEEbst r at e.

A sheet will have a top and bottomsurface, or a first
Bralze second sar faearh ®IThébe armowommiisofedrednd eluted
"sides.” In use, fluid will flow from one side

adenoswud atey dhf Degent heisubsprat éitat aod némbugheshe

ot her side (surface).

Figure 4 1is an SDS-PAGE of starting cell 1lysate, flow-
through solution, washing solution and the eluate; and

Figure 5 is a graph of eluted Ad5 as a function of degree

of PEI modification with BPTMAB.

DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS

The present invention relates to a porous chromatographic
or sorptive media having a porous, polymeric coating formed on a
porous, self-supporting substrate, and to anionic exchangers
including such media. The media is particularly suited for the
robust removal of viruses from solutions such as cell lysate.

The porous substrate has two surfaces associated with the
geometric or physical structure of the substrate. A sheet will

have a top and bottom surface, or a first and a second surface.



The thi ckness di mensi on between the two surfaces is
porous. This porous region has a surface area
associated with the pores. |In order to prevent
confusion rel a t.h ros u ce facesy
ThesecﬁresuﬁF%cef rég mggr s?dgg ugggeg% tﬁgiﬁﬁ§§%:2§s§low from
wll refer to th tric surfaces as external
one sadej o SLELRFGLest sitds. SHRETERFPack a tRrough the
associated with the pores will be referred to as
other it netu0r2Gr ous surface area. Porous material
conprises the pores, which are enpty space, and the
Hu | thigitréss odimkebébonbelieeh Mmakedwep Ul gsigssi £l porous.
enbodi nent of the material. For exanple, in polyner
This poHESOPOrSfiSon MRELr anes,r fble phase separiatted pol yinethe pores.
provides the matrix. Herein, the inventors discuss

In or88atifyg ﬁfe@@ﬁ%”dﬂhﬂdﬁi&#rQé&gt@& ddhecpeditdrmhen surface”,
inventors nmean by this that the internal and externa

“surff%ggﬁcegﬁaﬁgu%%gkgpeﬁgﬁﬁs’tgrnQEmEQHPl%%% %sblqgﬁathﬁventors

'S, to retal’n a S|gn| icant p o ortlon of
P
structgge f or cogvectlve In par%lcul for

will fﬁ%flntépna CsuPfateatea,th ??%g 6¥ScoveFFﬁ§'nean facial

that the matrix is coated or_covered, |eaving h
Surfa%ﬁ%nFﬁ]c%%tﬁﬁQﬁﬁﬂtlo%h%f%ﬂﬂ?%%ﬁe@reapéﬁs9ﬁﬁﬁﬁiﬁ|&ch the
refers to taking up of matter by perneation into the
pores podyl dfe areabsor Pt Fveapraikteanal fBoppEPon PeFrépsetarea.

10 novenent of nol ecules froma bul k phase onto the

Burdecenadfenhal adsopptibee Ireei @orSer ptwldch saze genetal space,

termthat includes both adsorption and absorption.
and themdarly,matsokptdvespatetdm) @hich makes up the physical
embodiment of the material. For example, in polymer microporous
membranes, the phase separated polymer provides the matrix.
Herein, the inventors discuss coating or covering the surface of
the media. The inventors mean by this that the internal and
external surfaces are coated so as to not completely block the
pores, that 1is, to retain a significant proportion of the
structure for convective flow. In particular, for the internal
surface area, coating or covering means that the matrix 1is
coated or covered, leaving a significant proportion of the pores
open.

Bbsorption refers to taking up of matter by permeation into

the body of an absorptive material. Adsorption refers to

10



sorption device herein denoted as a sorber, refers to a
material or device that both ad- and absorbs. The
nenbrane chr omat ogr aphy mnedi a of the present i nvention

qn _a i on xchang atln for I
movem%ﬂbs? ap ec?ﬁgspgﬁbﬁ% %u%ggga e a§t§H5§)ag§8p5%§F%%% of an
skel eton for the coatln% The substrate Sm&
adsorpigifadled1d: har@FPhgCand® AadeREcrtur %™ M'é a jiphuges both
and integral device. The pore structure should provide
adsorgtgroruneher MIsoPEidtri b m#ﬂa¥4@h ﬂﬂ%ﬁFPEhﬂehﬂﬁ¥erlal or
surface area. The substrate is preferably a sheet
sorpt far mbelvofe ahearabnadenothd pseferscethesubstafaes i 5o nadeaterial
fromsynthetic or natural polyneric materials.
or devites MyH At EIS ad eardd usie§eitb €l ass of polyners for this
use. Thernoplastics include but are not limted to

ﬂﬁgyﬂeﬁﬁkgﬁes%%Qo%%to@y thyhenes, o nehudidg ddd+ abhgBntion
nol ecul ar wei ght pol yet yl'enes, pol ypropyl enes,

lﬁClUdSé%eagllp ?nlglql gg&FXl’l? B%lt%./LBr o%%lrﬁ‘l%% fl]‘[beé[ m’) ]Eéll%’ substrate.

sul fone ersul aryls ones
poI hen ol yvin chlorlde ters
The éﬁ?ﬁ% ! ongtSy e¥ haﬁuﬁpé’rtpl&%/bﬁ?ﬁi@%ém for the

terephthalate and the I|ke yam des acrylates such
coatirngg. pﬂ%etﬁ%@%éhfa%ryf’f%@éldst??en"lﬂt‘:en‘i%jr‘?/rre\?% apgndiing and
m xtures of the above. Other synthetic materials 11
manufdgiolwideg calitd ogesrobpeki esnduriettiegrs! ameviire | i keThe pore
The substrate al so should have | ow non-specific
structprmod eishduilndi pgovidiet abbe subistsat es liomcl ddetribution, high
m croporous filtration

flux, and high surface area. The substrate 1s preferably a
sheet formed of a membrane. The preferred substrate 1is made
from synthetic or natural polymeric materials. Thermoplastics

are a useful class of polymers for this wuse. Thermoplastics
include but are not limited to polyolefins such as
polyethylenes, including ultrahigh molecular weight
polyethylenes, polypropylenes, sheathed
polyethylene/polypropylene fibers, PVDF, polysulfone,
polyethersulfones, polyarylsulphones, polyphenylsulfones,
polyvinyl chlorides, polyesters  such as polyethylene
terephthalate, polybutylene terephthalate and the like,
polyamides, acrylates such as polymethylmethacrylate, styrenic

polymers and mixtures of the above. Other synthetic materials
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menbranes, i.e. those with pore sizes fromabout 0.1 to
about 10 pm Substrate material can be hydrophilic or
hydr ophobi c. Exanpl es of hydrophilic substrate
materials include, byt are not limted

0, .
includgg| ¢&eddeHQsiESes &@&deﬂsyamudfééihaé’?%eﬂmgs Qi fdeefs- The
treated hydrophilic porous nenbranes, such as o
substrpeagere( FROULH WBWGDﬁ@W&ﬂq&ﬂ%HQQ%{lanﬂQ%ﬁ%ﬂa@W@d¥ng'
Exanpl es of hydrophobic material include, but are not .
Suiirdabde t 0, sposypheesns, irpdludd nyl hdenerpkausi de,filtration
pol yt et af | uor oet hyl ene, pol ysul fones, pol ycarbonates,
membrapelsyest.er.s, tily acidh apese abdes porymetbaatyllatieso Biout 10
porous structure is created fromthe substrate

um. SRS Ale bynAr i@t hodaknopws taybhepeiskicl | ed | mydephobic.
art, such as solution phase inversion,

Exampl%%ggﬁ{gﬁ%ﬁ%ﬂgﬂgﬁﬁ§ds §§fat§?ﬁ§£@£ﬁgﬂs ?h%lﬁ@%ﬁ!?ﬁﬂ: are not

, stretching, sintering, aser drilling,

. .. etc. Because_ of the wuniversal nature of the sent
llmlteﬁn&%ﬁti88?y§FFFB§F9§e§nyﬂb aPPg% glﬁthoéﬁ%ow%;gaggzfurface
porous structure is suitable for naking th sup ortin
treategke| BYSROPROL 1fhe RRFDYANe TSP suﬁQFSate Eate¢?é%pore®

made fromultra- high nol ecul ar wei ght pol yethyl ene has ,
(Millipeew fGurebtatben, paitileuliar! YPUsef uFxdueles iafs hydrophobic
conbi nati on of mechanical properties, chemn cal
materiedust i ccandegamirutst ahirki t ynoWherldmikpedy ophobi ¢ polyolefins,
substrates are used, they should be rendered 12

polyvibydrorhd i GlLusuchias b ia vexd fieatddahyilaoess Kabywulfones,
those skilled in the art. Suitable nodification

polyca%%%ﬁ%ﬁ%%ﬁ’ggg. ii %&f§§ge£§,u-s- Patent ahNes:1 4318, 533 and
polymethacrylates. The porous structure is created from the
substrate material by any method known to those skilled in the
art, such as solution phase inversion, temperature—indﬁced phase
separation, air casting, track-etching, stretching, sintering,
laser drilling, etc. Because of the universal nature of the
present invention, virtuaily any available method to create a
porous structure is suitable for making the supporting skeleton
for the membrane sorber. A substrate material made from ultra-
high molecular weight polyethylene has been found to be
particularly useful due to its combination of mechanical

properties, chemical, caustic and gamma stability. Where

hydrophobic substrates are wused, they should be rendered
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protein binding surface hyddrophilization of the
substrate (e.g., <50 Pg/cn2 protein binding) is
preferred The coating polynmer forns the adsorptive

hydrogel and bears the c roups (bindjn
hydrORj“rJddﬁ%r) PBSPorst bP¥ faormagtl?é th éﬁbo#cﬁ%i kagrﬂe to those
inmpurities. Alternatively, the coating polyner
skillesbssiesesheheattal gr s A I Hodi P ABFESES are
i ncorporate the binding groups. The coating is
disclqmerdreabl & 19 Babepkedides 4061Bab3pr cired nd, 8Ad, 87 Her A 1low-
inpurities can be captured into the depth of the
proteatihgdihgcr eastageadsgidalriopd i ldapadiony. dhe phnef esnkbdtrate
coating polyner is branched or wunbranched polyethylene

(e.g. ) MHNE. }'hem%%tdtr&ﬂ Yirealdg) cengddidesat | east about
3% of t total volune of the coated substrate,

VdffgégpiﬁghéBﬂk@Q?“%o@ﬁ% E%ea@%gbfg%@véﬁh§&¥bé@ia&nd bears

ume o strate. In certaln  enbodients,
oating covers the. substrate in,a_substan I H
the Cﬁﬁrrsr 9ﬁP&ﬁﬁesg° tapPe® Pﬁﬁék%§§§b§sﬁ%h3b ot d attraCtlng
coating fromabout 10 nmto about 50 nm

and het@diRy| thRer MRIMCIEISF t h PRECHBRYHER Y0 rFéré-‘e TPRE1nY  Bplymer
insoluble in water and thus held on the surface of the
possestapor chegiskel etHrouSHi t 2bBE crarss| i AREAYI ndlafiefiable  to
those with |ow protein binding properties, such as
incorpetatet hylhenebiphgitoy didubigl ycithe evladeringPEG DEEriiEwple to
amount of cross-linker used in the coating solution is
biomobhasete®n the vwbar pabteint reacti yehegroupsuentibe can be

pol ymer and on the cross-linker. The preferred
captured into the depth of the coating, increasing adsorptive
capacity. The preferred coating polymer 1is Dbranched or
unbranched polyethylene imine.

The coating typically constitutes at least about 3% of the
total volume of the coated substrate, preferably from about 5%
to about 10%, of the total volume of the substrate. In certain
embodiments, the coating covers the substrate in a substantially
uniform thickness. Suitable thicknesses range of dry coating
from about 10 nm to about 50 nm.

A cross-linker reacts with the polymer’to make the latter
insoluble in water and thus held on the surface of the

supporting skeleton. Suitable crosslinkers include those with

low protein binding properties, such as polyethylene glycol

13



ratio is in the range from about 20 to about 2000, nore
preferred fromabout 40 to about 400, nost preferred
Lrog1about 80 to about 200. More cross-linker wll
. inder the ability of the hydrogel to swell and wll .

diglyqisisl rekiee t<ﬁ§G§§PEQ Fve Tl’tea)p/)%re‘? yt ilcéOPés‘il“ker used in
cross-linker may result in inconplete_ cross-Iinking, _

the cpabinpeael soen pdisynersemdl esul &ke f folgrsofdbl@. Ofhereactive
i mmobi | i zed coating is then nodified with a charge-

groupdrodhf yhrey pgépher n amddern t bhienpards spuldtrdierar y donpuaaferred
functionality to the coating for suitable nenbrane

ratio ChrmatpgraRhy rapRld catdoans abSuitt ablbe cbar gpombdi 290Ag more
agents are organic conmpounds wi th quaternary anmoni um

prefeHFUPE-6ANE8EHLEd 40D A N9aPOokaD, | hibker dre naidierfrom about
nol ety capable of reacting with the imobilized

coating., hese i al, I ‘s
o0 <o BRI WIS YR LA SlieE il anpscy o
a non- polar ali tic _or ar, ti.c |inker, and IS an .
the Pt ah§ ﬁﬁggi-sépgblg”gg?dﬁﬁ¥ﬁ% P PbEe d?h?hegorptlve
leaving group Y is to facilitate reaction_ between, the
capaciiyyand’ t heeRenbFaPeS TRt FRg BAY tReAlbepatp Incomplete
causing the formation of a direct bond between the
crosstinkKein@ndi the teare ngomd pogbpder| waveaglgsolpliy soluble.
usually one that favors high reaction yield under
Tied atinvelf Inidedl  eondiihponss Etenpl medofikdawhigh grroupbarge-
Y include hal ogens such 14 as Br-, d-, I-, F-, and
modiffi_i%é onylgederi vahi vesrdehs O £ oCF356Bart CA%@3Inaatic. ) ammonium

he” chem stry of leaving groups is well studied; see,
funct%?%%ﬁ?%?plet&w B. : 991 th apd 1hg Marghyr Conpyiehgnsd ve membrane
chromatography applications. Suitable charge-modifying agents
are organic compounds with quaternary ammonium groups connected
by a non-polar linker to another moiety capable of reacting with
the immobilized coating. These compounds have a general formula
Y-7Z-N(Alk)5'X™ where Y is a reactive leaving group, Z 1is a non-
polar aliphatic or aromatic linker, and X is an anion of any
water-soluble acid. The purpose of the leaving group Y is to
facilitate reaction between the ligand and the membrane coating
and then depart causing the formation of a direct bond between
the linker and the coating. A “good” leaving group is usually

one that favors high reaction yield wunder relatively mild

conditions. Examples of leaving groups Y include halogens such
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Chem stry, 5th ed., Wley Interscience, 2001. A
catalyst is normally required to effect the coupling
reaction and pronote departure of the |eaving group.

as BroClds or *i‘?‘-seSFQa”a%%rVgﬁéonﬁé%e‘ﬁtv%t%%@dwgog? thes0,-,

nat ure ‘of "t he Tteacti on. n starting coatin

constitutes a polyneric anin a, basic catal,yst | C .
(MF9SOHEU%$$y)negagdcgﬁ%gﬁﬂﬁﬁ%ég%hgéﬁﬁﬁP%oﬁﬁPPPE @%%r%%igrsggdled’
the amne nitrogen. This basic catalyst can be anp ,
see, Q¥ opRPeTRbEgalli B- BEIEN WG oki dBL G |¢?Wﬁ%ﬁle%a¥%r@rgamc
potassium calcium bariun) or organic base
Chemi gttmt r a-5dl kyed anmotii ey hyldriexists)encEhe ROMIpol & Chicakest is
can be any saturated or unsaturated aliphatic
normalindr eeguberd fos exdeplte IGH2)ouplemeg nrésctiom Zrtd promote
10, a branched aliphatic hydrocarbon such as - (CH2)

departife (6H8) tBe, BhviHPMBEbLEPIr ONPi SsICH@ShbRRERY| €88, serve as
tolyl ene, xylylene, or a conbination of an aliphatic

catal ard%g;%gﬁfi'ngThanu@}tlﬁ;{}%{tﬁreamm o gru £ NGA KYBien  the

s pre y a trinet ammoni um group, but can al so

i nclude ot her al r _aryl groups such as t
Start T baRs P Ry DR B L ARTOR X £ BASRi 6A21Y5S
of _any wat er-sol ubl e or%anic or inogggn'c aci
|

. d.
is usexhhpi éssed sift aBPENE XORFEPOR L bt CAPg afser of the

~ limted to, chloride, bronmide, iodide, acetate, ,

amine prbproaate, Thydr dgen phosphbyet ChApdPegesuFFaPRy 1norganic
citrate, bicarbonate, nethyl sulfonate, 15 sulfamate,

base etgdré&xadpsesfofl ishiitiabl ecchamge-podifyivy cohpoundsbarium)
i nclude 2-chloroethyltrimethyl ammonium chloride

or orgghierechel i ne=tthd-alle) , admbhotmehlyyirosdinigt)hyl The non-polar
anmoni um

linker can be any saturated or unsaturated aliphatic

hydrocarbon, for example (CHz)p, where n 1is from 2 to 10, a

branched aliphatic hydrocarbon such as —(CHz),-C(CHz3)2—, an

aromatic group such as phenylene, tolylene, xylylene, or a

combination of an aliphatic and aromatic. The quaternary

ammonium group -N(Alk)s+ 1is preferably a trimethyl ammonium

group, but can also include other alkyl or aryl groups such as

ethyl, phenyl, benzyl, hydroxyethyl, etc. Anion X 1s an anion

of any water-soluble organic or inorganic acid. Examples of

suitable anions X include, but are not limited to, chloride,

bromide, iodide, acetate, propionate, hydrogen phosphate,

hydrogen sulfate, citrate, bicarbonate, methyl sulfonate,
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chloride, 3-chloropropyltrinmethyl amoni um chl oride
(CPTMAC), and 3-bronopropyl trinmet hyl ammoni um brom de
(BPTMAB) A preferred charge-nodifying agent is
3- bronopropyl tri nmet hyl amoni um brom de (BPTMAB). The
sul famdemree ofcrodifi catidemplies. ohe peisebtlege SRargacredbiving
groups on the cross-linked coating that react with the
compoutttly ge-i ndideyi ng -ctrtpowedhyiasimethe lhi ghmenodgh t ochloride
ensure that the solute primarily interacts with the
(chlorBRIAyaNne sur faces byd€har ge 2 it &fidet h phsr i@t hexanpl emmonium
PEI has hydrogen-bondi ng donor groups (secondary

chlorl nes) M, eB, PBYy i edugechheadiheh duff %ﬁ@%%éé”(@@TMﬁC and
ey are not converted intd and/or covered

uat er nar f f

. brom?r%%r? R T L S il ) §$‘§?§%&eiﬁ° SRS eTree
20%  a nost preferred at % 30% e to th

charod O VA pes ST PO f epbat - UFTL - UHEL BRYIRE!Y { st cPgonium

constraints), it is virtually inpossible to achleve a
broleﬁxﬁﬁﬁiMﬁBhndlflcatlon much hi gher than 50% A

preferred process for form ng the coated substrate

Honpiesese t e mbdpsichtidh, Prispar ithg sotentage offt heactive

coating polymer and a cross-linker, and adjusting the
groupPrbs0 thizatc pod yrefnkE@adbky ihgaattsm M tdact osdthi nkes ; charge-

2) Subrerging the porous structure into the solution

modlfﬁﬁn thmdbuRenoviing the POrough 1bnshyucty echE@M that the
solution and ni pping off the excess liquid; 4) Drying

solut%?%r?ﬁggyﬁ StH%gfgé%§Ow?%ﬁe%%é”ﬁéﬁb%éﬁé'g@rf%be by charge

nmer gi ng the porous structure In solutlon contal ning

interggklons. For example, PEI has hydrogen-bonding donor groups
(secondary amines) which may reduce the yield of eluted virus if
they are not converted into and/or covered by quaternary
ammonium groups. A preferred degree of modification is at least
10%, more preferred at least 20%, and most preferred at least
30%. Due to the relative sizes of a PEI repeat unit and BPTMAB
(steric constraints), it is virtually impossible to achieve a
degree of modification much higher than 50%.

A preferred process for forming the coated substrate
comprises the steps of: 1) Preparing. a solution of the coating
polymer and a cross-linker, and adjusting the pH so that polymer
readily reacts with <cross-linker; 2) Submerging the porous

structure into the solution from 1); 3) Removing the porous
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char ge-nodi fyi ng conpound for a specified period of
time; 6) Renoving the porous structure fromthe
sol ution of charge- nodifying conpound, rinsing with
wat er and drying. Turning now to Figure 1, the o
structiraicfupe ¢folaitiarhr ane impp&é@orﬁﬁgcéhﬂ t pXERFF ailfquid; 4)
enbodi nents is illustrated. In the enbodi nent shown, a
Dryingm ctbpor guscald r abtghchorecultar weffhet polnpstsmiliedang;  3)
menbrane was first nodified by copol yneri zing
Subme hi 1R} hWraer ydardwle asic-uet Jwd enenr bi sehet ybanm denvaintsg the
surface wusing a free radical initiator and W
chargd@Gtddiady) Gy %%ﬁﬁxnﬂﬁﬁbféﬁe%x”%ng&QQeUn bBEsosBNEr time; 6)
have a ‘pore size rating of O. pm and are

GO i all vai l fram ri I pe: e -
Remov%@ igﬁ%iegd%ﬁﬁﬁ? §ﬁ?ﬁﬁﬁ%ﬁﬁia%ggﬁgrEﬁgha?gégg?ﬁgedegy charge
.. low protein binding to its surface; . 19G binding to
modi FYH{% GRAAREHY | 5 P g0MS0 Ly T S T v SH T £ APbr oxi mat el y
2-3 tinmes higher than DURAPORE(r) nmenbranes, but 6-7 ,
TYHRg oel tFan FRAWSSI | bn PREndSTHLREETS| Ml af | rembrane in
hydr ophobi ¢, hi gh-bi ndi ng nmenbranes that are
accordmomreer ¢ildlh y caviieliabl embydemandsfiedl rersne V- In the
coated with a solution containing polyethyleneimne
embodinRElt) asidown cr 08s- iirkeporpolsyettirerie. gl yooblecular weight
di gl ycidyl ether (PEG DGE). The coating was dried and

polyetttifBchat m&@OPheNpekat ure rfser 2bdidlrs rpysedopblhmerizing
water, and further 17 nodified wth

cuneSpRLOTDPLERAL| 4P, B MBI B S T 50 o
usinghygro§£gg' radical initiator and UV activation. Such
membranes modified in this manner have a pore size rating of
0.65 um and are commercially available from Entegris, Inc., and
are designated MPLC. Such membranes are characterized by low
protein binding to its surface; IgG binding to this membrane is
40-50 ng/cm?, which 1is approximately 2-3 times higher than
DURAPORE® membranes, but 6-7 times lower than Immobilon P and
other similarly hydrophobic, high~binding membranes that are
commercially available.

The modified membrane was coated with a solution containing
polyethyleneimine (PEI) and a cross-linker, polyethylene glycol

diglycidyl ether (PEG-DGE). The coating was dried and cured at

room temperature for 24 hours, rinsed with water, and further
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The resulting nmenbrane has a high density of positive
charge on the surface as indicated by high adsorption
of negative dyes, for exanple Ponceau S. The nenbrane
Is stable in caustic_nedia and could be fabrjcated in ,
nodifigdwivdely aRgeremorgepyéssinpf hydampensssi (R Pl edBFTAB) in
heat - seal ed or overnol ded. The foll ow ng exanples are
50% agimohadedlhé&rneinn aftopt A8 paripdse nedf willthysoddtum myghgxide.
are not intended to limt the invention. Exanple 1. A
TOx6" rebattiafy hydmnbphhki zedspoh yet hyih enbementyy anef wpdaditive
pore size rating 0.65 umwas coated wi th aqueous
chargeSObHt i @Re CORLHRING 26 Win¥iclatRel yehylargl Mawsorption of
(Sigma- Aldrich), 0.35%of polyethylene glyco
.di.glyyei.dyl i - i ch) , f; ' in
negatl%d?&)%isde.m%z%{sasr&o @2%1&3&%?%% %s ??%p@gggyfangn&%?%eﬂ%le
.menbrane was ,allo to dry overnight..]t |s
caust i BERNEn RO | ROLAC whEh SEVEF AR subtered' 142 106HE  ©f
of 50 wt % sol ution _of 3- bronopropyltrinmethyl anmoni.u
devicegp onil§e CEBPPRABP Sadd & 1EATSSU] Eﬁa%f%ﬁobé%/r ﬁ]veermOlC{gd'
menbrane was left in this solution for 48 hrs, and
Thendentlratiew NaGHWESS paricodinsdludedaderiee 1 ARICnttaieh PHPose
at 13. The nmenbrane was then renoved from sol ution,
of illoknsediwint hndvatrer noand rdrenekd 1® Bxanmd el vendriaine.
prepared in Exanple 1 was used for adenovirus

purification. Adenovirus was first extracted fromthe
infected cells by nultiple cycles of freezing and

Fxamplkhaw ng. ke gellul ar dehiitSoes; F&M0¥8dyBY¥hylene membrane
centrifugation leaving the viable virus particles in

with ptol}ee nggénﬁta%qtng %"p@g n@ﬁlaaztasm@rcbati{eqﬁtxﬁgtw ta'?;[ueous solution

containing 7 wt.% of polyethyleneimine (Sigma-Aldrich), 0.35% of
polyethylene glycol diglycidyl ether (Sigma-Aldrich), and 0.03M
of sodium hydroxide. Excess of solution was nipped off and the
membrane was allowed to dry overnight. It is subsequently rinsed
with water and submerged in 100 mL of 50 wt% solution of 3-
bromopropyltrimethylammonium bromide (BPTMAB) and 0.1M sodium
hydroxide. The membrane was left in this solution for 48 hrs,
and concentrated NaOH was periodically added to maintain pH at
13. The membrane was then removed from solution, rinsed with

water, and dried.
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Benzonase. The supernatant was further clarified by
passing it through a m croporous 0.2 um nenbrane
filter. The solution was diluted with the
equi libration buffer, pH 8.0, NaC concentration
Examplegomd  THEMBARBCHUPFEPARSS usidl fioFadhdi t foniy tHed  for
purification nenbrane. Virus solution was slowy passed
adenowtimughit hel eenbeaneAdhapvagssr bg st Fd reitr i< teadied ekrom the
allowing nuch of the cellular debris to pass through
infectdwe &éller byTheulmembs angchas tdfenf washeng wankl d&hesing. The
buffer, pH 8.0, NaC concentration 200-250nV to
cellull 8Ny Yy Weaklk¥mbound pgekydrs.ri fidgaaliloy, Idwev Mig ushavasiable
eluted off the nenbrane with an elution buffer. pH

virus et Nald s concentr atlhen 110 +MMs Md s teoncaM s at F&fited with
s assessed by Green Fluorescent ™ Protein (GFP) assay,

whi ch was devel oped in h Ei g
enzorliy ofFar GOl A HordLtehet. (BBCTod Thier o Evodeopars ™t

correlates with th oncentration of.Vvirus articl es.
throu%%eanﬁPSﬁQB?ﬁﬂu%hé' at'd NﬁégﬁﬁQﬁr1ﬁlﬁffh g% a ton was

. assay. Virus retention and elution data is presented in
diluteq gureitis. 1hene efuthtbFehtores BELERE, sorBti veSnedi a NaCl
of the present invention is the high yield and purity
concerdfrairiostuc &6 Omtenditia usame Operf fivar swah Fpgd For eesgopgoning
to captured adenovirus fromthe cell lysate while the
the pe@liifdcbarisn ndesplanthe pericent agelotioxi rwss r edowdnedpassed

fromthe menbrane. High virus recovery (> 70%

throu#mdtﬁétﬁﬂnﬁﬁakﬁ|SJQﬁﬂaaaﬁgﬁﬁstEhé At UsE ¥e Selléapl ellowing
or

much of the cellular debris to pass through the filter. The

membrane was then washed with a wash buffer, pH 8.0, NaCl

concentration 200-250mM, to remove any weakly bound debris.

Finally, the virus was eluted off the membrane with an elution

buffer. pH 8.0, NaCl concentration 1000 mM.

Virus concentration was assessed Dby Green Fluorescent
Protein (GFP) assay, which was developed in house. Figure 2
shows how the area of green fluorescence (observed under
microscope) correlates with the concentration of virus
particles. The majority of the data was obtained with 3-day GFP

assay. Virus retention and elution data is presented in Figure

3.
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adenovirus application. Purity of virus particles was
anal yzed by gel el ectrophoresis, which is shown in
Fig. 4. It is seen that the nenbrane of the  present
i nvention, PEI-BPTMAB, provides high purity of eluted

I rus ;suspension, which is, superior. to a conmerci.gl
ﬁ%ﬁb? n€§%5 i?aFHEFEafga §96a5P§§ Bronou %%doggﬁﬂganHFesent
_ Exanpl e 4. Menbranes were prepared according to, Ex nRIe,
invenylerij hg G iabve ¥dRdEnta M i AT bEY BRFMRT G GL adenovirus.
reaction m xture, which produced different degrees of
Open hpdif ilcatTion. Bi geressrshivhste hagrtekeddagiedevefryse from the
nodi fication with BPTMAB has a direct inpact on the
cell psrscenrt aghidt et edsalirdisbaz28 Wadicstel dibmed degscehtage of
porous sorptive nedia conprising a substrate having a
virusf regbvexkar Mlonsi €ieec apemd rs@eQndiient evhahssirdeoveatyh (> 70%)
si des bei ng porous, and a porous thickness between
indicdbem ppaid, subsisaf e haing hydrophickie andhavispgtaple for
sorptive material substantially covering the solid
trix_ of.,t etingstrate and said first and second

adeno@?‘us appPrLil ? . . . L
extern Surt aces, said sorptive materi al conprising a

. crossljnked pol r havin ttached quaterna .
PUrity fion L URREFRNaP P JoFhP BBUKZS] Hondpol &1-oFFARBPOTESLS,
~_The porous sorptive nedia of Claim1, wherein said
whichsipsthewe Eonbt9sed- alhi éFopordushaknbhRaneemgrargect the
porous sorptive nedia of daim2, wherein said
present invention, PEI-BPTMAB, provides high purity of eluted
virus suspension, which is superior to a commercial membrane A

as indicated by a less pronounced BSA band.

Example 4. Membranes were prepared according to Example 1 using
variable concentration of BPTMAB in the reaction mixture, which
produced different degrees of modification. Figure 5 shows that
the degree of PEI modification with BPTMAB has a direct impact

on the percentage of eluted virus.
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menbrane conprises a polyolefin. 4. The porous sorptive
media of Claim3, wherein said polyolefinis
pol yet hyl ene. 5. The porous sorptive nedia of claim1,
mherein said substrate is an ultrahigh nol ecul ar
wei o] yet.hyl ene nenbrane. 6. The porous coated
What I di #%4ﬂ a|n11 wherein said crosslinked polyner
conprlses pol yet hyl enei m ne. 7. The porous coated medi a
of claim1, wherein said cross- |inked poly IS
lnpBi Pos@ui t30EPEHE? gBeRBAI fOATRY lagelh aszE&ﬁﬁrﬂF@. Mpving a
an organi ¢ conpound having quaternary anmoni um_ groups
cofnestedebyesadl romeokad | ankegcanyd a exdicenpl capalsl,e both
of reacting with said cross-linked polyner. 8. The
pPOEQUSsChatied medicunfl @hdi s porvher eihi ckaiets orlgainieen them,
conpound has the fornmula Y-Z-N(CH3)3' X-, wherein Y is a

reagt hvedeavi g 9bedpg M@r@pmppz@ob@a ahiphagi & Osorptive
aromatic linker, and X'is ‘a negatively charged 1on of a

mﬁxv\ke§9g5}b %bascdaqlt ?ﬁ)ll-gpecg LPYS C%%teedsgfﬂﬂamgftrcilxa'd'@ the

ecte fromthe group
3 TsO, and SB-,
2 g?e"ﬂ1 ssﬁﬁgnf51¥%t %ndlgga?%é§pgﬁgﬁg§%gateg§faces’

medi a of claim®6, wherein the uaternary a
OREE AT TS TABAFEEA (O i bl el g ot Bylymer
having attached quaternary ammonium functionality through

COHS%j

3- bronopropyl tri net hyl amoni um

a non-polar linker.

2. The porous sorptive media of Claim 1, wherein said
substrate comprises a microporous membrane.

3. The porous sorptive media of Claim 2, wherein said
membrane Comprises a polyolefin.

4, The porous sorptive media of Claim 3, wherein said
polyolefin is polyethylene.

5. The porous sorptive media of claim 1, wherein said
substrate is an ultrahigh molecular weight polyethylene
membrane.

6. The porous coated media of claim 1, wherein said
crosslinked polymer comprises polyethyleneimine.

7. The porous coated media of claim 1, wherein said cross-

linked polymer is modified with a charge-modifying agent
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brom de. 11. A nethod of purifying a virus, conprising
passing a solution conprising said virus through a
menbrane to adsorb said virus, said nenbrane
conprising a substrate having a first external side

an e ter .S t ' ' S
an%°§P%%§gﬁg ?ﬁi?ﬁﬁgéé%bggnléhqn$ﬁ§%g§§%?§13u'Q?%a eammonlum
bei ng hydrophilic and having a _sorptive,materi al

oSt | A st Ry R onCE A Lof KERe o @ motety
substrate and said first and second exgernal s%rfaces,
saf¥PaBtpt PHerRAEELNE] VeERpFRLPNGTRSEr ddBKkEAKBY L YIS L -

pol ynmer havi ng quaternary ammoni um functionality

8t hTbaighorausomaedleat nddiker ¢ £ washiimg 7s aivih emerisy agrel g e hganic
buffer; and eluting said virus off said nmenbrane. 12.
Theospbhnd afa<c! ahe I riwies eiyRzsaI(QHeY OXS; | wikeadtin Y is a
polymer is nodified with a charge-nodifyi ng agent

COpRLESEDE aNaPYANGe c@TPOoENG haYi Ny B NakY iphatic or
amoni um groups connected by said non-polar |inker to

a ' .ca l.e _of agting W ' r 0ssz . lsake
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organic cogggind has the formula Y-2Z-N(CH3) 3+X ,

whBFEFR™§°; ©r8&¢firve leaving group, Zis a

non-pol ar aliphatic or aromatic |inker, and Xis a

Mefaei perpushargsgdi ewddR @ hrvHaidl éht Witk sbl bl @ member
acid. 14. An ani on exchanger conpri sing porous sorptive
mededected from the group consisting of Br-, Cl-, I-, TsO-

and CF380s3-, and Z is (CHy), where n is from 2 to 10.

10. The porous coated media of claim 6, wherein the
quaternary ammonium functionality is imparted to said
polyethyleneimine by 3-bromopropyltrimethyl ammonium
bromide.

11. A method of purifying a virus, comprising passing a
solution comprising said virus through a membrane to
adsorb said virus, said membrane comprising a substrate
having a first external side and a second external side,
both sides being porous, and a porous thickness between
them, said substrate being hydrophilic and having a
sorptive material substantially covering the solid matrix
of the substrate and said first and second external

surfaces, said sorptive material comprising a crosslinked
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conprising a substrate having a first external side and
a second external side, both sides being porous, and a
por ous thickness between them said substrate being
hydr ophi lic and having a sorptive materi al

zﬂgéggggkaﬂ inIzﬁﬁéﬁgkﬂg¥ySghhgnﬁﬁﬁﬂﬁﬁdgfﬂdﬁélity through

te and s Irst and second external surfaces,

said sorptive npterial _copprisi | hked. . .
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functionality through non- [
and elutin% said %ir%s %?fp%E?% m%b%%%%é.zs

12. The method of claim 11, wherein said cross-linked polymer
is modified with a charge-modifying agent comprising an
organic compound having quaternary ammonium = groups
connected by said non-polar linker to a moiety capable of
reacting with said cross-linked polymer.

13. The method of claim 12, wherein said organic compound has
the formula Y-Z-N(CH3)3'X", wherein Y is a reactive
leaving group, Z is a non-polar aliphatic or aromatic
linker, and X is a negatively charged ion of a monovalent
water-soluble acid.

14.An anion exchanger comprising porous sorptive media
comprising a substrate having a first external side and a
second external side, both sides being porous, and a
porous thickness between them, said substrate being
hydrophilic and having a sorptive material substantially
covering the solid matrix of the substrate and said first
and second external surfaces, said sofptive material
comprising a crosslinked polymer having attached
quaternary ammonium functionality through a non-polar

linker.
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