FI LTRATI ON DEVI CE The present invention generally relates to vacuum
filter devices according to the preanble portion of claim1l and particularly
to such devices for filtering |iquids fromone container through a nmenbrane
and depositing the filtrate directly into another container. Mre
particularly, the invention relates;tRapoNipgyjct-tight, closed filtration
systemin which solutions, such as tissue culture nedia, are vacuumfiltered.
BACKGROUND OF THE | NVENTI ON Devi ces for filtering biological solutions
generally involve three primary conponents, Ini.e. a nenbrane filter

i nt erposed between two vessels, a feed container |ocated upstream of the
membrane for hol dirigprdsbe inseHia @n&aly Wl dt@no Rulreiitti detigs @eboring tahd prédnbRt e

cont ai ner | ocated downstream of the nenbrane fil|ter for collecting the
filtered sarrﬁP%O”s%gﬁi\Emc?ﬁ‘?' PEEYCHIgny 1 sUph ISR fPfsf'ﬁ%iW%l)Wd%%%'terCé'é{ﬂ‘i‘%fh@” @ menbr ane

to increase tiaRibfaad sdabpokitidgttictia@nireyly Blo@Adthdd Gontiinkl. RS per@cuttif, ftrRnieBitbdl across
the filter. However, in such cases provisions nust be nmade to naintain the

15pressure dirfiatertenliquigitionaseiltiafe semin 4k sohtionsheh asdistve PHigretiedie, The
filtration whdyuheterst op. The arrangenment of conponents for vacuum
filtration can take various fornms; however, especially in | aboratory settings,
ease of use, reduced storage requirenents and m ni mal di sposabl e hardware are

i nportant concerns as is aVOid%ﬂ@Ké§6@Mﬁﬁ@TM{WVB@HBNOlOgiCal solution. In
e s

certain other applications, preserving t erility of the solution being

filtered i s al so DBRREtRAkeringBABgIEX MR @hedllVideMdMréd brinffy @R YbieRtsl S
described in U S. Pat. No. 4,673,501 wherein an open funnel for receiving a

sanpl e ofl0soli.atd pemiranclfidterfintepesed deiwsemimoangreld, 2 Bebeontainsl bdatedupshieam &fp of a
bottle for call i il T - i a nenbrane
R T e e

filter positioned suc IS poured into the
top of the fuowetrezi df tigf mantbeans dilkgp fae calledting the Mltdrad wimple ctletthnt @fteh lagweutimiough t he

renbrane i1y, ANAGHUILEARINLT. Wi elbs adanked, L o.bs ponnegted to a vacuum

source is forme int ase o unne 0 vacuumto be drawn
Wi t hin the fidffereatialeacioed thé fitet Hereebryin duchwasagprbligons ang bemsdd tameiotintHar ough t he

menbrane filter. Sjnce.the essure differential ross the filter is constant
Guo o tHE bR p e RehEntire 1S Aowina b En R b Bec 49 i 1 Ter and
at mospheric pr €S S PR e bf Rhpdrdfs fo:t %&Lﬁ] mEidaestaRs vaihe iPReRodgnel , rapid

filtration is possible and any reduction in flow rate o
especially in laboratory settings, ease of use, reduced storage requirements and minimal

disposable hardware are important concerns as is avoiding spillage of the biological solution. In
certain other applications, preserving the sterility of the solution being filtered is also important.

20 An example of a vacuum filter device is described in U.S. Pat. No. 4,673,501 wherein
an open funnel for receiving a sample of solution to be filtered is arranged to be sealed to the
top of a bottle for collecting filtrate. The base of the funnel includes a membrane filter
positioned such that when the sample to be filtered is poured into the top of the funnel all of the
sample solution is directed to flow through the membrane filter. A vacuum conduit which is

25 adapted to be connected to a vacuum source is formed within the base of the funnel and allows

a vacuum to be drawn within the filtrate bottle thereby drawing the sample solution through the

30



5is due to filter fouling. Nonetheless, vacuumfilter devices of the type
described in this patent suffer froma nunber of drawbacks which nake them

i nconvenient for |laboratory use. First, these devices require the liquid
sanple be transferred fromits normal |aboratory container to an open funnel
which can lead to spills, sanple contacting nore surfaces which can introduce
| oses to the surface by non specific binding or addition of unwanted species
from i npr opemewbrf%fr"era%'e@ t'aﬁpr%%ﬁ&%ent'@l@wa%sgﬂe filber dsigadanbduethige | i qui d wei ght
concentrated, IloattlaﬁaoftaQ/QoL@Fn ch me%o@mm?lslbfe ofttﬁeEfMeraarﬁ atﬁ{o%@rlctﬁ?es%u@@l‘e@&t and hence
spilling the i ol ogi cal solution durin ouring anpl e or when connecting
t he vacuum h@é8é&s liapgsufaceraf Bimopaduingle e d ﬁ@ﬁ(t&‘epoﬁ%bb"ﬁﬁléi%%éﬂduqt'ﬁn hdpdiraterg t he
fluid to Be fidierifds uﬁrgel(l(fﬁet'hée AN BAANG M del Sitr o QOIREATI i pllert e steril ity
of the partlcu ar I cal ution due to en nature of this device.
Mor eover, theuffeafrgeaemtmr offdrakbdke smicl mbkeehenaleenemmlme‘srlategtdry gsei ffirst hei r  t aki ng
up Ilnlted | aborat ory storage space. ié since the containers
utilized in t188#5Y°e %F'%h%'f%@éé@p'aP%tfmsgeHS tﬁ?ﬂ‘ &s ngrmali bRt BE Bne- ti me
use, a signi fah egtiurABmRh c&fle&Rb ‘s@lls“@aﬁfp% cbtadifNRbrRls@thcbywridesRinfrdduber

assenbl i es and t he associated pre- and post- filtration containers. To

m ni nmize the 0&%9%@@8@5@%@%8%@&%@%&@ adﬂ'mn&ftmeﬂtgq* #edes gmampreRgly  No.
5,141,639 2 c [ nbrane filter
is dlspos@d ?ﬁggﬁggbgﬁ§g%g%% #%H#Ebt&ﬁhw@ﬁ&@ﬁg&xgﬁﬁgggﬁgﬁ&nﬁﬁﬁpcOver is forned
with a feed pedsnblyrthdyhues fromato Ofping ahdibankaspilirgerch b‘UIq@]iElaIESOIOfbntdhﬁthertrige)am si de of
the nenbrane filter, Alen @@E]of tu ected at ong}end to the feed

on
i ol e and ¢ AN RapetREr o et osendste B I Pes ier Gl BeGGhPar ner - houss ng
the solution hErQillrngQhé( ﬂuldtt@ﬁeefﬂeredr hﬁre@@éﬁ"ernha%lzeiﬁsl'( HCbHASSsify thd étén‘h?%ﬁhe@m l'et port
and a vacuum port, both of whi 25fluidically connect wit downstream
side of the mefiBfasnielogipal seytion W?etﬁ the@b@wtqr%oféh% derhe dlofeevarHee ke ggadfport and a
vacuum i s, dr t I di.t ow t hrough
t he tublﬁg an pﬂggagﬁmghgﬁﬁﬂﬁgth n%&gL@%? dﬁ%ﬁrﬁgy$ﬁgﬁ%#%%rQf@m%%ntalner As
is the case wintdhthe preataifersrudimed initafdithtion [SoceRaare dipkpsable 7 31t404d fot dve-tipeessur e
difference in this st ant bec%ﬁge of the vacuum

O R Tor e Dol B Rt s R R e e B LR BEBRHRE o' 1) VaCi

surface in theoaredoré-epdpRL figaiPtetment ai ner. Wile this device mninzes the
amount of solid waste generated during filtration, it is cunbersone to use as

t he operator nust Tawisisrdsithe amhent pfsblidvpste end fluig trgisfess, UanBathidsl 814689 over on t he
filtrate gon r ved in
the f11 &t o auniss Akl 0% DERASARIR HERUMTLY FoR SRR, DRGR SEMbEN T
submer ged |ntqmemgaﬂpwemeoﬁhemwenstm%dwdhdkadpmbeMmgmmméanmmmﬁemUhemsenple

sol ution whi gh h%%ﬁit%aﬂ's%%%ﬂge FnQr%brfﬁe'thEf"?‘k'|e‘%§gn ombiﬁﬁ’fé'&sr{n%&ed %)t.%ﬁ Sl IS housed
in an open cShi'S Ae8rerore. " the ri sk conpr om srng biofl 6gical” integrity
or sterility faed nipplegint teerettler end is dwectl)ﬁnﬁert@ﬁ)ﬁh [0.2:0:¢T0'o] <} owdha'nmdnhcbdseg preeantzhéo porti on

of claim1l i aqver rob ens ng a device
o e o o Da RS e B ST R R Rlecl BB AR B et R pel LD " P St 65T wi
wi th bot hsat tagbag cbrded wi® IRERBWNLREAMUEYS df kHerAdnibedhe MRS YWNMRit@hghashtaghed ent _
upstrean1of the filter and a vacuum port downstreamof the filter. However, it

still is I|nﬁW@@mWWFQBﬁﬂ@%ﬁFP%ﬁ§d&@mﬂwemmpﬁﬁngméo@@ﬁ?@éwcﬁ@%ﬁt%%%ﬂed to the
upper inner $N&§ﬁﬂ%t&%@%ﬁ@pﬁ@ﬂ%m@ﬁﬁbﬁmhbﬂméﬁmF@%mﬁM@ﬁﬁmﬁ@m&EﬂQE%@%&eOf filters
that can be use device to those h can heat sealed to the

with the aforementioned U.S. Pat. No. 4,673,501, the pressure difference in this prior art
assembly remains constant because of the vacuum in the filtrate container and the atmospheric

30 pressure acting on the liquid surface in the open feed or sample container. While this device
minimizes the amount of solid waste generated during filtration, it is cumbersome to use as the
operator must assemble the tubing to the cover and hold the over on the filtrate container until
the necessary vacuum pressure has been achieved in the filtrate container. Additionally, the
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tobody surface. Oher filters such as filter paper, ultrafiltrati on nmenbranes,
glass filters, and/or multiple layered filters cannot be used in this system
despite the strong need to do so. US 4,614,585 discloses a disposabl e
filtration unit with a recoverable filter and a gasket for sealing the filter.

Thus it is appat®my riueae niahi@awfé@@@brrﬁa&geh In t%éaﬁp@ cbREindio AvBRLPYERy daetum filter
devi ce that 15can acconmpdate a w de varlet% l@ﬁllters and integrally sea
n

themin the Bbepe sFmAGROIioN whigh cgdd gt thet ditgnethe RAPERNGTIE Cysed In ~ The
present i nvenfh b oS HERord, e gl o‘f@&ﬁb@dﬂ*@r@%ﬁlo@l@ﬂllnltégmgr%ﬁénﬁ?@@ hé?%htén@(? prior art
by providing a vacuumfilter device according to claim1 tering

sol uti ons which |H&Eﬁ@ﬁ@oanWWth@em@mﬁhﬂymhawwm©1hmbx$mnﬂmm0ﬁmaduéﬁesed on
opposite Sld d cei v, sed
cont ai ner i n%gjbl\g %opr(%\/ld ﬁade\g%a 3}6%%%6(9& Idér§ Oﬁe ﬁﬂ}ﬁ%@%a%quh%r(ﬁ G t@et aicned wit hin
t he body by dw¢wﬂﬁmﬁsﬁmmajmeahnm@neMmmHmmnmﬁEMyw@&ﬂbdewayp@m@hnﬁ&ammseal|ng
pressure to th face | ter it against.the filter
Bupport i n_t e puRg T pdHepEater by st ok TG PHB B kaRaiFHuel®: hr ough
the filter b@‘@aled aéét%éalédgtottﬂﬂﬁjpbatlrtr@muﬁf@d’btcalhﬁﬁbdy Thelirsigatd tpgsef ement i s

mai nt ai ned in ace by a conpressi formed of a rin applies a
dosi rod compredeiine # o e F Tl o EVGr brishe VTN COREH GE4 R el arent | <
captured Wit bbdy sbh@eb@déf fitldis EURE a®filtePdpOT u|tr@|t@5@ﬁﬁé@&byane§ RRssk@ls 4g/oel enment and
filter in place and ger a conpr iSIQn seal her asyegts of the invention

i ncl ude pr owméli“B'ﬁéay?rSﬁj '*ebgrcﬁ"i"}?bbeausﬁ ingthis WStPrﬂée%pit%tbe 31954 NSe Ao dp &0 4Si gned with the
vent of the devi ss.disdihRs b BiYRBAN CHrafdnAit Gl Bl AtSilthiQhd ABasRdt kB BERtthd eat ure on
t he conpression el enent that ensures the port is in alignnment with the vent of
the device. T device al so |ncludes a vacuum port conmmunicating with the

downstr eam si de oi the filte ﬁnd hence. t@e filter container. en connect ed
to a vacuum sour ¢S 'tt'%%’pi‘ﬂ%@é@& & NRROrSH st 1PN I PYed XA g Tlter 0RSE A t o dr aw t he

sanpl e solsut icen kdceimédar asamm@n&mmrmamtebrra@@a tite8n thi bddg bf tRdfiked Nt 0 t he
filtrate contalner To mai ntain the pressure fferential necessary to

continue thed%w of sanple, a passageway communicates with the upstream side
of 5t he nenbrane, and hence the sanpl e container to provide a vent to

at nospheri c pressure. accordanc a preferred enbodi ment of the
i nvention, two identical IaboraﬁHMVAEBinﬁﬁgﬁgNTWHr exanpl e 50 m centrifuge
tubes, are screwed onto opposite sides of a filter body. Two passageways
formed in the filfkerprasedinvendemayaiceraasdnerdsadvantages pyd igitetiang ¢hheprimes bt e si des of

the menbrane %Olglng%% bdolRY @tlerydeW)et J\%ﬁﬁ%@h@ Qfimt h& flﬁ;éﬁﬁ'gr; &!uﬂ&ﬁ%«/{uﬁ@&uq@i afile

passageways |s a tovacuum port communi cates wth the downstream si de of
the filtexw amdihevirsdapivediotsalishesetarmeesitetdes of afitoratashivngiouis edapfed to ressirbl i ng

sanpl e to be a@fo@é%oﬁt?ﬁei*ﬁ%m[uﬁjﬂ tfsgéléqqglatﬁaﬂ&lpb (mér sqglhﬁé%i Nl th'elb%dg%gg The ot her

passageway conmmuni cat e Feam s d t he sanpl e
cont ai ner) amdnwgmwesaﬁagaem@mﬂmt©&thH5phemwemmgewsmmdoﬂwmeasuﬁasof

the filter maintaining it against the filter support in the body such that all fluid entering the
device must pass through the filter before entering the bottom container. The sealing element is

25 maintained in place by a compression element formed of a ring that applies a desired compressive
force to the sealing element. The compression element is captured within the body during or prior to
assembly, the sealing element and filter in place and under a compression seal. Other aspects of
the invention include provisions for forming a port in the ring that can be aligned with the vent of the
device. The invention also can provide for an alignment feature on the compression element that

30 ensures the portis in alignment with the vent of the device. The device also includes a vacuum port
communicating with the downstream side of the filter, and hence the filter container. When

connected to a vacuum



When a sanple solution is placed in the sanple container and both the sanple
contai ner 15and an enpty filtrate container are secured to the filter body, a
vacuumis applied to the vacuumport to create a pressure differential between
the two containers. This pressure differential causes sanple fluid to pass
through the filter fromthe sanple container to the filtrate container. As the
volume of fluid in the sanple container is reduced, air enters through the

venting passagpuliie Pr@ssﬂ@'d%r@htl&l thﬁm@%@&:ﬁ&#ﬁ%d@dmftﬁ@ia%ﬁl%'sélut|o@ﬁ?6rﬁ)§u§s§r&% filter so
that filtration continues nouninterrupted until the sanple is ltered. In

certain appl icedainepieuoht theefilter s inkp-the fitjtete cprtapairTe msitartee @%@Wéd'ﬁ@ﬁﬁ'iﬁ"oned smal |
di i th
| Mensi on pa%ﬁ“%%},ﬁy odn%uggﬁi‘ﬁ%ggarﬁéfe des sgg%hﬁ&mmﬁoa?éérv&tﬁﬁﬁ u&ﬂﬁéﬂgé’d e

passageway. This be a eit Insertin rophobic liner into
t he passagewd rraﬁnbian@@ndhengetbemmwwmdiomvnda@tven{@ acwosafmnwewgrea hydr ophobi ¢
surface treatm&*ntI aO, L8, Rar da § tﬁ ntetrna} 2 tﬂ?FES 250f t he
passageway. “fﬁ"oé@“cﬁﬁ(v& SPﬁee 5%8 et SHF NETUoR MY B Y 'R nvent i on wi i |
b_eCﬁmahapgar ettitaiferspfor éxamplé 60 hiaventiiggedetiosiateadrettedsanta dpbdsaisidea kfertilterbogyonj unct i on
with the draw ngs

) INTHE W ure 1 s odi nrent of the
N vonton | o P ERispocyPispmett i I G boak PaTioa Ol Wik TR OBty of | one
enbodi ment 0f3|dé§'t§th8rrr%§1§r'é\ﬁe én@\élﬁﬂ%tbl?%tH é&of?é?me%gr@gne%cbﬁ’@eﬁh%%ﬁésb *:s@/é ew. Figure
3 shows the enbodi nent of gure | anar view. Figure 4 shows

anot her elﬁbod@%‘éﬁpmbwh'(thﬁ@ﬂfbwte@)wlthth%dop)’ﬁ igan sidg @fxﬂ@rﬁltt@r@rﬁﬁ ip plagieplodded vi ew
connected to a vacuum source for enabling sample to be drawn through the filter and be

collected as filtrate. The other passageway communicates with the upstream side of the filter

(and the sample container) and serves as a vent to atmospheric pressure.

When a sample solution is placed in the sample container and both the sample container
15 and an empty filtrate container are secured to the filter body, a vacuum is applied to the vacuum
port to create a pressure differential between the two containers. This pressure differential
causes sample fluid to pass through the filter from the sample container to the filtrate container.
As the volume of fluid in the sample container is reduced, air enters through the venting
passageway to maintain the pressure differential across the filter so that filtration continues

20 uninterrupted until the sample is filtered.

In certain applications, the liquid-tight feature of the above mentioned small dimension
passageway is enhanced by decreasing the surface energy of the passageway. This may be
achieved by either inserting a hydrophobic liner into the passageway or inserting a hydrophaobic

structure or applying a hydrophobic surface treatment to all or a portion of the internal surfaces

25 of the passageway.
These and other aspects and advantages of the invention will become apparent from

the following detailed description taken in conjunction with the drawings.
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Fi gures 5A-C shows a cl oseup of various enbodi nents of the sealing el enent of
the toenbodi nent of Figure 4 in cross-sectional view. Figure 6 shows another
exanple of a vacuumfilter device in exploded view Figure 7 shows another
exanple of a vacuumfilter device in exploded view Figure 8 shows a further
exanple of a vacuumfilter device in cross-sectional view. Fi gure
9 shows a section of the exanple of a vacuumfilter device of Figure 8 in

cl ose up 15cross-sectional view DHNAHEEBADESERI PTI ON OF PREFERRED EMBCDI MENTS
Figure 1 shows a vacuumfilter device 10 which includes a filter body 11
having a pair of Bigirgl vaaaeﬁwee@eM@t&emgmmm”m@mé@ew havi ng an open end. The
open end of each pt a cl osed
sanpl e cont ai ner péur%grgnog@%l %&O%é gﬁﬁﬁégﬁé&{aﬁ@}g@@n@u@%g nedia to be
filtered andC@&tﬁﬂeedVEWltrate contalner 16 for collecting the filtered sanple
(filtrate). The hplders 12,13 re tched to threads (not
Shown) “of i he cont i v Tl bRRED Lo BEE MBI, he body 11 by t he
mat chi ng t hr eadedFipat tiskons aodthdr Bebdtohalesisheliddild transesemmivaitior hexdaded 16. O her
means such as. bayonet | ocks, snap collars, clanps, such as Tri-clover(r) or
Ladi sh cl anp&®may al so be used to hold the containers 15,16 to the hol ders
12, 13. The Sa”D'?g&éﬂ@ﬂﬂﬁ%@éé@&%h&@v%@m%%ﬂk@h@@%&ﬂﬁkémﬁ MBS tHaei ng
|dent|cal but they can be ferent, such sanple tube into a 50 m
filtrate Wubembqhembﬁfwwséquwee#eﬁvweew the contalners 15 and 16 is that they
couple to the hol fl.ui | ders 12,13
are bonded back- tg@gagé%eggguémwexa 53&%ngc&n9ﬂ%r53ﬁ%éﬁ §mmggvgﬁltable meldlng
techni que such asriglier7asemns enonrk dianpld & o ationafiter B4 e@riabxgndy viett her wel di ng
met hods can be enployed, such as, but not |limted to, spin welding, adhesives,
| aser wel di ng, ovevePai advithermyamelerst axecuuhditardevise dTasgsectional view. The hol der
13 (Figure 2) in I BX ndi ng
ribs 19 nol ded i nwﬁg%tﬁw%gg%% the a}rw‘(g éf% \%CL? f'l%gd%\;ce Oﬁ%&% iefj% The ribs
19 have smacesm@&%Mn&mmWhen1through whi ch I|qU|d whi ch has passed t hrough a
filter 18 may flow to the conponents 5downstream of the face plate 17. The
ribs 19 act as a support for the porous filter 18 which is placed on top of

the face plate 17. A CoﬁﬁﬁﬁﬁﬁjﬁﬁkéﬁﬁﬁlP@@F?h@ﬂ%@&D%%Bbﬁmkﬁﬁéted above the
e

filter 18 and forns a conpressive se upper peripheral surface of

the filter 18 SUCIalﬂtfgrg3%“&\}8:’%\%%}@&%“&%@& ﬂﬂmﬁcﬁﬁno Jd!a% 5 ﬁ@?b@?égﬁ&mégr%yﬁf do so

by havi ng passed t an around, the ression
el ement 21 i@MﬁWat@dmwm®wmm12ﬁh%mmhﬂmgbop&mamdﬂheommpedObEM1M®mH@He$OhoIder 13

above thezose g@?er\?e a%g?gmw f(ﬁmqmﬁ&;@ﬁ Io%gc?&% %]Cﬁmglﬁeralgfoqg%m g%&ﬂ%gl uoh gre 3)

formed throug entin t he
function of \kduehulius nexdjaltabe@idred rancf mld;sieeﬁltrateb(mtdmebeﬁ fomcoll%hreg tb@ﬁlte@m of the

hol d 12 abuts .th hol 13 d t t he hol d
S e deace r Bars il torbo S 0 8 B el b d il b st SRl Car s of (he
hol dﬁrI élj.Z. Thte cguainets 15etg s@gew\bﬁgﬂﬁd -swd’m%ﬁltcetde deapﬁ@ltlaanammrﬁdlémpdrﬁ‘tﬁk of15\rll\hen t he
t wo (0] ers e to e e solution can ow .t hrou a
series of opifwéesgfﬁéﬁ PRERbE 5T By s Ay s Bp s T P EL PRt IaE, and o her

open Sum?r th |Cl|\é?p§ tsgdgcé% Wf@l@\(/jeﬁ@t‘)r Llﬁelsif?Mﬁdsl Yialdhe ué‘edﬂ@ﬁ@?%@‘@@}t()an@s 15116ttbe | ower
portlon (0] ol aer Pr.ovi des t he ul communij cation lin et
downst r eam si§eo8F st Re! 3 Thetsé‘F‘plféfSéH%COﬂ'?Fé'o'f 19 NRINET SNV mas P elr@WE er abI Y,

the device alygQndyQnh Bd NiBerdi B mw%anﬁ@eamb@ﬁto%%oswﬂmratattubbhﬁne@m@nl ng 22 of
requirement for the containers 15 and 16 is that they couple to the holders 12 and 13 in a fluid
tight fashion. The holders 12,13 are bonded back-to-back (see Figure 2) at interface 32 by any
30 suitable welding technique such as ultrasonic welding to form an integral body. Other welding
methods can be employed, such as, but not limited to, spin welding, adhesives, laser welding,

overmolding and non-contact thermal bonding.



not he conpression elenment 21 (Figure 3) will be aligned wth the venting
passageway 25 during assenbly. This avoids any m salignnent which m ght

occl ude the passageway 25 during use. As shown, this feature 28 is in the form
of a tab that extends outwardly fromthe outer wall surface of the conpression
el ement 21. This alignnment feature, such as the tab as shown, can have a
correspondi ng alignnent piece 29 in or on the body 13 into which the el enent

21 is inserted soTﬁﬁﬁﬂbr@HEQWQQMH@WﬁwﬁgmﬁQﬁE1FHNB¢ﬁ@eﬁﬁﬁmhﬁYQﬁwdmmgmand use.
In the pr esen mgllaguthgglgt{e ﬁ({]ﬁmpaﬂp éérzogﬁﬁce)?la?qg T% rltgshlbﬁa\%l ‘g&@{@e IP' ece 29 is

a slot that is desi he al I gnment The
al i gnnent p|é@mtmgxmaMmmhw@whmMMpmakeimmmyeﬁ@a1éweemmdQMmammm@ﬁmer mechani sm

fo Drevent tg SO 855! 00 phereile B £ LT beg, BNhEDISH g LAk 5T the

body and overconpress t in a slot
29 is shown Iph'aeri @uoed th2 famquaBe, 17bﬂ|toora¢mgss@aee§mng ¢lemaniP(eis foeared shommthe filger f eat ur e

can be used S rovi de,a radi al ne f the hql der and the
oo ession af andRtheAgoiE By bEre yeR bR St M e S MEL o hose
devi ces may Hedystethgsie fltatchorisr ot dwsorbyaawm@lmé@p@mrou@ﬂ Ir gigmenah arofad, $Hnaown one
preferred enb is tou t such a evi ces di anetri cal

P een Lo odlR 1Bt masmiiagsy Hekh b 5 Pty Bhe ot fid PPREBIRE be. t he
same or diof f @eplednt 3 bidbvethe eaalirgtelshent 281 The biom&n Ut a@b@pﬁg 2za(IFlggﬂ@r3§amtmeand the |ike
as would be well 5known to one of ordlnaﬁé¥sklll inth } A vacuum

port 23 (Figlreddy S?‘%‘”@BWW@H‘""EWW'W@ VERlye Resspcypy %Eh@elfWPttP@P WhehiSd is in fluid

CO”““”'CatlOQXM@h&hhmﬁmdpMﬂﬁﬁmﬁﬁﬂWﬁéQﬂmﬂﬁﬁﬁﬁﬂmhhlﬂ?ém&ﬁheImQﬁﬁ&&%1¥§ nmay
include a filter matrix (not shown) with the central bore 24 of the port 23.

The matrix i $nased g Sd%oadﬁéﬁﬂth%WP@GM:’)@SQ?%C@W‘]'G?OV%JH? b¥len Hripdudssig puas2bact eri a

or oil residugsed s Qmtenherding 13 e fatdmate vy vﬂ%e%@@r‘réb‘éﬂ RREHALLANNA 0as wel |
as to protect the vacuum system from bei'ng contam nated by the filtered

sanpl e. THe wéritihaiyopadsatielbde bmdediodetemmannle rolytinecasifigne thiguoh a ssfiexdhe hol der 13
above the fagg,, b@%ﬁamﬁfﬁe@ﬁ'@ﬂlt@r’eb Eﬁ e fdr %n@nds%nd d?hefr!) gup‘ﬁ)@rﬂ@%ﬂb%s‘&@bé’“ th the

upstream side o pl‘ ovi des a vent e QOI’lt al ner
15. The i ncl g8iahnused. Atpagsagasay B%gthpwga@émgf hgigeri18 priovigrsrincaititd commumieatipr oper

operation of hﬁ»{be‘e gNﬁ%‘db\ms réén{r%ﬁ 'ﬂﬁ& éanﬂﬁ&ﬂt‘r'a?@?oEt{aﬁerslénp' e container 15 1is

a cl osed vesse he ove eV|ce I'S O urd-tight construction.
The venting passage‘#me;blyaﬂhb asvicefatst lemﬁmlm@m@ntfb&uré&@@lﬁatrwe (persEd &
differential ,across .18, While a closed sa e contaj ner woul d be
Sbi e o star {REHEPRLE BrebA Eibeasdl b ot i Gt s SN al 'y

accept abl e peEdeAbIFENELavOEEnytiigliGeiehSehidfmiftt bictuak thepassd@shay ex@lriay Ose. t he cl osed
sanpl e container starts the filtration process with an internal starting

pressure at &egivupHep featuisrd sduthefompe ajehdhatimtands apyprdeemtes ukgewdlacuum port 23,
the pressure sﬁpfaog Sirtﬁgéom%lesg @ﬁmlerﬁe% {95 %hlg Ifagn;n%rlttfe% uréléuoh as ﬂ%ftéb %%hgryn lcfn (P
have a corresponding alignment piece 29 in or on the body 13 into which the element 21 is inserted
25 5o as to ensure the alignment remains during bonding and use. In the present embodiment shown
in Figures 2 and 3, this alignment piece 29 is a slot that is designed to fit the tab 28 of the
alignment feature. The alignment piece 29 can have and preferably has a set depth or other
mechanism to prevent the compression element 21 from being extended too far into the body
and overcompress the sealing element 20 or filter 18. A tab 28 in a slot 29 is shown in Figures 2
30 and 3, but any geometric male-female mating feature can be used as long as they provide a
radial alignment of the holder and the compression element to insure proper venting during use.

One or more of these devices may be used so long as they maintain proper



sannple Pfiltrate) where Psanple is the air pressure in the sanple container
and Potrate is the air pressure in the filtrate container. Initially, P

sanpl e=Pfil trat e=Pat nosphere, however, as fluid is drawn through the filter 18
to the filtrate 25container 16 the sanple volune is being reduced. In a closed
system this reduction in the amount of sanple in the sanple container over
tinme tl tot2 translates to a reduction in pressure, as governed by the

pr essur e/ vol GHBMPR] At SHRRP FrefemakamrApn e 519 Usyirihefionmept depassinpl e(  t 2)
Vsanpl e02) ) wWhgk®dly opp%?é?im;@aoﬁ'aﬂiler\./ﬂ?éﬂ%lbr?bercﬁﬂs&tfr%mtegohwﬂﬁ%rﬂ%? m, bhihg the sanple

container. As the pressure in the sanple container is reduced, the AP is
| essened t hersengordifgiantfisizehyle plo g anerepromgolipnregnt adhs likasvorE Padl Psanpie wil |

equal Pont, reskhiing &&né%@ﬁﬁﬁmﬁaﬂb i nsure the maxi mum AP and hence the
greatest flow rate, tLe sanpl e contai ner 15 needs to be naintained as close to

Hu: sphere as posshagum Ml 8 (Gaus 2)isforaehindhesidlens! of hehaddaentd ang ispakgageway 25
connecting t mle & i W t i ric sure.

The venting EQE@%g%&gvﬁ@@&ﬁ%Wﬁﬁﬁ%ﬁéﬂé@Emfmgd@gﬁ%ﬁgﬁgﬁﬁgﬁgﬁgﬁﬁﬁﬁgg&ﬁﬁth an

addi tional f i(ot erow(vothindtecentyal bow &4 oftig rort 28 dhe oty &l ugeddb prekénh e trieatiorent | ng
passageway z%f 509ta h&f€ ugt} gs%a&%r‘a%?oirrgs%@eé f %énféqréqﬂﬁé ﬁItPeIt c}unﬁ v%g%hco%ergt@ﬂ .
preventing the i ngress of mcrobes or cont am n $" Nt o0 the 5device during

nor mal use. aswell asTdy@oteah thk usuomsyefemdropeinpg@hiabineted byl theefiitefed edm@didin) posi ti oned
in the ventingmﬁassa ewa

i ncl ude por odS"HSHPIS GW®%§3§W%%ﬁﬁgﬁéggge%V%Eé%%§$bﬁnggggiﬁgbgkg23n4:!E?rsuch
as POREXO f r ifiter 1®BndTs ©rfloid @bremidinidaii sngyith &Hel upst@astside of teelfilfer t8and provides a vent
for the sample container 15.
The inclusion of the venting passageway 25 is important to the proper operation of the

15 vacuum filter device 10 because the sample container 15 is a closed vessel and the overall
filter device is of liquid-tight construction. The venting passageway allows for maintaining the
necessary pressure differential across the filter 18. While a closed sample container would be
able to start the filtration process, it would not provide commercially acceptable performance
over the course of filtration.

20 To explain, the closed sample container starts the filtration process with an internal
starting pressure at atmospheric pressure. As vacuum is applied to the vacuum port 23, the
pressure differential (AP) across the filter 18 is defined by AP (Psampic - Piitrate) Where Psampie is
the air pressure in the sample container and Pirirate is the air pressure in the filtrate container.
Initially, Psampie=Piitrate=Patmosphere; however, as fluid is drawn through the filter 18 to the filtrate

25 container 16 the sample volume is being reduced. In a closed system, this reduction in the
amount of sample in the sample container over time t1 to t2 translates to a reduction in
pressure, as governed by the pressure/volume relationship (psampiettty Vsample(t1) =Psample(t2)

Vsamplet2)) Where Psampie and Vsample relate to the gas within the sample container. As the
pressure in the sample container is reduced, the AP is lessened thereby slowing the flow rate.

30 If allowed to continue Psample will equal Pritrate resulting in no flow. To insure the maximum AP
and hence the greatest flow rate, the sample container 15 needs to be maintained as close to
Patmosphere @S possible. This goal is achieved by the venting passageway 25 connecting the

sample container 15 with the outside atmospheric pressure.



treated with a suitable hydrophobic resin. Alternatively, a separate filter
such as a hydrophobic oM LLEX(r) filter device is attached to the passageway
25 to provide fluid conmmuni cati on between the sanple container 15 and the
out si de at nospheric pressure. Figures 4 and 5a-5c show an alternative

enbodi nent in which the sealing elenent 20a is bonded or otherw se forned as
part of the conpression elenent 2la, To the extent that the elenents are the
sane in Figures 117 veitihepassipewaie arabiie ithigHpdsht girphilitpevitiseadditendfeht s t hat

15have been %@éh@@vﬂ@pﬂirﬁglorQ%E\%iy'ﬁloadHg?ﬁet\@ﬁtin@Eés@ége&véi}FZﬁt@ﬁr&feﬁ’t@@l@tioﬂU”ber and new
elements wll be assigned a new'reference nunber he seal i ng el enent 20a

(Fi gure 5A) 1fay lagingast eitheslavigesnd prevepiiiednsgeisdf nutrebapeitcotaanamsdnane cal |y such
as by a dqvetgjids 45t tnorﬁ'\gl Js@rmed in the bottom of the conpression piece 2la

into which a corresponding shaped tab 41 formed on the sealing element fits.
It may al so be boiideidclds@ntohahyidtcabobimdilterdnot shovwihapmitidizdad the henticppgesagssayon pi ece

2la (Figure 5B) .or  to.a e . hottom 43 as, sho in Figure 5C. In either
erbodi ment - of BatstrePryiet GBS R Mt bR el dar BB 5% Bioahes! ve such
as room t enpepahdlFids PololSPNESH aSRIREX@S it o hickdRGre kubkg -all AntRkRatdvel y, it can be
bonded by a heat seal. One can use solvents to forma solvent bond between the

two pi eces. Reasdwitlalsyitablehlraphebioesn. Altarmatvelyopicas ete dltee buah eomiydropfsbifor m t he

sealing ele t ol d. | - - . 43) of the
conpr essilgnn%{rHTngggfgﬁ'C%ég%Cg%t{; %&%@ae@%é%%%%%ﬂ@?%ﬁﬁ@ﬁ tg,ﬁ 5b, Sc are
shown wi t h vastyednghquamble b@sairdd15 48 the 4Gsideldraogphanit blessunary so as to change the
seal force to best suit the application. In Figure 5a the profile 44 provides

a focus during cohipwesspirbadndhaeal dtagativs embediaantis wihish Fiegaalieg lement @b | e 45
whi ch distri i rce. Profile 46
of Figure Sc p%%?@%%g%ﬁ@&f@ﬁ‘gggﬁggﬁﬁe {O@p%%é&geﬁg&v%ﬁ#gﬁﬁ]\gﬁ;et%r@([:hgﬁ%er essed can
create a | at eleakntpalelthe samstirflegueds hehefsaine eaferenge nvrgbec oitfpe @ssli Daments that  The

cavant %! IR AR FELATCLSD BB R0 TPbAD: MBI b 8TCS Dy
forgi vi ng assedidoky a pevocésscé oumtBr. The sealing element 20a (Figure 5A) may be retained to the
compression element 21a mechanically such as by a dovetail slot 40 formed in the bottom of the
compression piece 21a into which a corresponding shaped tab 41 formed on the sealing element
fits. It may also be bonded to the flat bottom surface 42 of the compression piece 21a (Figure
20 5B) or to a stepped bottom 43 as shown in Figure 5C. In either embodiment of 5B or C, the
sealing element can be bonded by an adhesive such as room temperature silicones, epoxies and
the like. Alternatively, it can be bonded by a heat seal. One can use solvents to form a solvent

bond between the two pieces. Preferably, one can use a thermoplastic elastomer to form the

sealing element 20a and mold it to the bottom surface (42 or 43) of the compression price
25 2a
The sealing element 20a of Figures 5a, 5b, 5¢ are shown with varying profiles 44, 45,

46. The profile vary so as to change the seal force to best suit the application. In Figure 5a the
profile 44 provides a focus during compression and sealing as compared to Figure 5b profile 45
which distributes an even compressive force across the seal area. Profile 46 of Figure 5¢ has a point
30 force biased to one side which when compressed can create a lateral pull to stretch the filter during
compression.
The advantage of using an elastomeric or pliable sealing element extends beyond the

ability to seal difficult to heat seal materials. It also provides a forgiving assembly process for
8



materials that vary in thickness, are nmulti layers of simlar and dissimliar
materials, materials that are brittle such as glass and materials or
subassenbl i es that have 3D geonetries such as colums of porous nedia
containing bind and elute chem stries or affinity |ligands such as 5anti bodies.
Figure 6 shows still another exanple in which the conpression sealing el enent
and the conpression el enent have been constructed of a comon conponent 20b.
The seal i ng fotegels thervagealhickigpss, eretmeti leysps o aimflziced desintilive melelisematBalis creat ed

by the pliabl S WE heae pliable
bell ows 71 \M%@tnggérg@rﬁﬁ?h a%% a'ss d%%te?%ss%g;& %’f’%@ﬁl{ E@aﬁnﬁt erl I%?tﬁ%a 1 ?:) retains
its nmenory t hkavnaisypf mnwamemgomtammglbund}gwdfebmmemﬂth®qnbﬁiratbli@ndbz@mkmms 71 has two

ends surfacesnt%gdIe 73 which are rigid and planar to mate against the hol der 12
and on theé upper Surface of the filter 18. The end surfaces 72, 73 are rigid

so as to distri bUFlQuréBl%oﬁlgallllaﬁl@hef@(aﬁn@lethhfoﬁEH@CMm@@efs@ﬁ&aﬁH@%Ieﬁw@ﬁlbhdﬂ@ear ea on the
filter 18. Fi ows still another e conpression

el enent 44 aﬁg#@rﬁ%ioﬁl@ B‘ﬁﬁﬁé\éesqGS?\C%‘é%HCie{;i@?%F tCO'Q%‘e%{rng L[ﬁ%‘:éef*"‘lcﬁﬁﬁrf%{‘t“'e‘efaf into the

hol der 12. | tedify th tetidpelrfRBVi i REred istchaled biGe SRIPE&ASH ve el ement 20c can be
fused to holder 12 as shown or it can be a seParate el ement such as an o-ring

or flat pli a@@céorgﬁﬂkmnp@@mcp@me@ﬂowm Hlipkteos!l ovest/é whexl asepmblyic h. Figure 8
shows sti I | anot her Fl gure 2,

oo an Hive T RREe SRR Sat iRl Bk &R T et fsh e e 2a

f | eXIh_bI e 200(pfﬁbfe&ﬁ&dmbl?&Eas‘wgé%ds@(}faoéet 72mey/ wihievage rﬁg‘tﬁarﬁrpandimdf matse?dlnste el ﬁmant S,
1IN this | nst e WO, an tom seal s or the
msert 60 Dot R 2 rtonte B piEte o e ks TR BRSBTS R i ned on ¢ he
insert 60 is dRtriv@dthe eRNgG&chifaMAly GEroR UL SiSg brbadn thehﬁeréﬂ‘BUDSphere can

comuni cate wth the sanple contai ner 15. A hydrophobic filter (not shown) is
contai ned in the pagsagewaytil2sather example Frvenico theooratrengioagbiyentiind theay be an i on
exchange Tat ' r t0g a

mydr ophobic. ChPRrsBl ol Rethe ooy SRR GO AR e et o
medi a such ama%@tcmpresme@terd@ntdﬂ@can béBfus&jchnlqmr tithschsvnar anne)lela siracken t 0 one of
ordi nary ski I% irﬁ the a 21? I avak tabI e Qt? Ay %{ of sources such as
M I1ipore Corrpor tS\JCBr?S '}O@'ﬂglof% P@ge% S 4UIER dt g C@%mla—t@rg’\ ﬁ*k{cﬁre Bi osci ences AB
of Upsal a, S\NedenF|gt@eB:B@WEetlllgnCSHrwmmblbmvbﬁfiHﬁﬂ)aoasfalﬂterHSasrleF@IJrﬁe,dJnménhl n the

base 13. The hbed g in thl'rsblnstan(ge C@ |ns .toE fb[?it 52 and a bottom frit
53 to retai n"P¥ié RRMBREERNGPEH VISR B AontEn “Pem The insert 60 al so

has a seripes o@ﬁprésl@%l@lfr@erp@()olt mg;xnaomwe@re redRd éé@ﬁvhg@remérhtﬂﬁw tBibinstalatwahdicidretai n the
frits 52, 53 6? W |ohmf3 orm top and bo}/om sealsl?or the |n)éer960 between the face plate 17 and the holder

12. Also contained on the insert 60 is a vent device 51 which ensures that the atmosphere can

communicate with the sample container 15. A hydrophobic filter (not shown) is contained in the

passageway 25.

25 The chromatography media may be an ion exchange material such as an anion or
cation chromatography media, a hydrophobic interaction media, or an affinity {ligand or)
chemical mimetic) media such as Protein A or Protein G. Such products are well known to one
of ordinary skill in the art and are available from a variety of sources such as Millipore
Corporation of Billerica Massachusetts, GE Healthcare Biosciences AB of Upsala, Sweden.

30 Figure 9 shows the bed 50 as it is retained within the base 13. The bed 50 in this instance
contains a top frit 52 and a bottom frit 53 to retain the chromatography media 54 in between them.
The ingert 60 also has a series of inward projections or selves or rims 55, 55a which retain the frits

52, 53 and media. They may be fixed or



they may be bendable as in 55a so as to allow for the |oading of the frits 52
and 53 and nedia 54. Alternatively, the nedia nay be contained wthin a porous
pl astic device (not shown) which in turn is held to the insert 60 the

proj ections 55 or 55a. The vent 51 has a passageway 63 through which air can

travel . theJ Ry bé bdnBabldRYn b%y Bfas BIWoW RF theldadif@ammutité 5P eR063l MAd fidis 81,1 ng
bi ol ogi cal specinens including but not limted to m croporous nenbranes,

ul trafiltrat ASANTHAD FaMEdia MaabRITIaNPGYINGYR REENDPIATIE 8VIcsNqt ERAWPE B RBAT
menbranes.  PrefefigMeYnsah 66 OB BfoRUFNIBNHIBAERs veH 51haf | E&E%@W@r@:’) WRAURK ARES OF
nanofiltration menbranes are used. Even nore preferably, mcroporous and

ul trafiltratidhpend@idr anes are used. | oRepresentative suitabl e nicroporous
menbr anes include cellul ose, regenerated cellul ose conposites,nitrocellul ose,
cel | ul ose3acet at elhe fisr peyteshaneeriatyraonudilngep olfijesinhieielsgidaisheniesna mduding but

pol yaryl sul phan ' [ f kde. | fi - r ahi gh

nmol ecul ar vveimghlfﬁﬁ tpe)%{?o%r%é ﬁlﬁﬁédﬁeﬂgrﬁbgwe%gﬁgﬂlﬁ SS}FOE)ET% %%hy’ g%@ﬂ@%@ﬁ]ﬁm%b%bgllhene,

nyl on and ot heerspodmaaivintbed;and2T PEferablyemiproprraus treenbf dnag rultreditreltbn podmprapes osuch as

poly (TFE-co-P | ycar ho e r rii fil nme ch as
EMPOREO nenbrngrlr?@g@ad\yaﬁhglﬁgrﬁ%e f '%m”%ﬁ/l %}y e%l\/iﬂg%egljpe)%%alglé, Woﬁﬁglésofqg({ %%;fﬁ:tﬁa%#]enbr anes
are wel |l knowembmandshees @ed. and are commercially available froma variety of
sources including MI1lipore Corporation of Billerica, Massachusetts. If

desired tfese nmenpepResatiay shigMe Beepobierdnrbnboind @B 8Iuiodh@berBdaophi | ic. Such
techni ques are well known and include but are not Iimted to grafting,

crossl i nki ng “8KIo% nfAIpOet y REPIeRYIoRg colIRyRIRGSIle PAVEUIRPRRSSINCHIAIBY or coatings to the
surfaces of thEHERNBFABES polyarylsulphBRR REGRI@hL ¥&ridH, bdif _fir‘stsﬁéhte#sglﬂa@dfh

e
nanofiltration nmenbranes include Ogollysul Ehones, i ncludi ng pol yet her sul phone
and pol yar yl $wlepho meight pgliativeneyawi cgestierdetigeiecad pameprdeel tylop ged otthese nenbr anes

Lypi cal Ly i nghifife? FHEROYhod Y Ahortni8 pdyroBR0ARpbY TFeLAPcyel @ highly porous

structure. Typ materials for these support yers inc e various

non- wovenlsmatrelyGadiogateue vardige filBd spmhrabesandeas P GREGhyeremeanco evaiells/pmody| ene, or
gl ass or m creop {.a [ | pol yner as the
menbrane itse Iﬂﬁe%@ﬁ%%raag%g%%gg \%g'l fe &eﬂg%%?ﬁﬁheﬁgteaqg%{e?gﬁ%mg'?e

commer ci al | y agailallé tadoh e vdrielyrof soucas ingudingddillisoaiC @ ps ateow ot BilescdMbdsagasats.Cor por at i on
of Billerica, h i nor i ial | ass
fibers or natdg%}/l%gg]%ge%%%%q%f @}gﬁ%\t’%%g?nﬁreea‘e?%erg%* ﬁ%@%ﬁ@h@%gssu?@%% n@%\?\el | as
filter structasvet kicwatndndudabidt arinotliofietto gsftife crgsslikep bitsirigly folymsr)zingnon- woven
filters, etc, |n so applicatipns, cormhi nation of filters nmay provide

i mproved %er#@%ﬁ%@&erﬁ > %%?@i%f%éhe SP@?CeSp ei”l:embf&P?Sy dirty sanples, a depth
filter which funcii L1t X i ' ith a

m croporous fil tgirelp%ge%tag\% ﬁJsltéaglFrgtIoh gﬁ%ag%ﬁ%&%&enﬁgaﬁ%qﬁ%ﬁ?é@%@lgﬁr@n%suCl ei ¢ acids
such as DNA éaniddifNApolygihasdptondas polyarpatpbonerypolpénylideedfiuatidenandaelluiose. conbi nat i on

\lM.aJ;,gr gngbglr O&B%sg _rrBanrfaE]e!sttﬁlroal,y?r%l%esa &Bp?o\r/tefayierttha?%%/er%rra”)(/) %reme(a rof arrf%hﬁ/ p@oﬁé oporous
structure. Typical materials for these support layers include various non-woven materials such as
25 spun bounded polyethylene or polypropylene, or glass or microporous materials formed of the
same or different polymer as the membrane itself. Such membranes are well known in the art,
and are commercially available from a variety of sources such as Millipore Corporation of Billerica,
Massachusetts.
The use of inorganic materials such as glass fibers or mats, ceramic filters and the like
30 is also possible as well as filter structures that are not microporous (e.g. depth filters), non- woven

filters, etc. In some applications, a combination of filters may provide improved performance. For

example, for particularly dirty samples, a depth filter which functions as a

10



Sui t abl e pol ymers which can be used to formthe holders and the conpression

el ement include but are not limted to pol ycarbonates, polyesters, nylons,

Rl FE resins and ot her fluoropolyners, acrylic and nethacrylic resins and

copol yners, pol ysul phones, pol yethersul phones, pol yaryl sul phones,

pol ystyrenes, polyvinyl chlorides, chlorinated polyvinyl |ochlorides, ABS and
its alloys and bl ends, polyol efins, preferably pol yethyl enes such as |inear

| ow density PEfikEERAT 8 aeENbinataf e A STEPOBE f%tcwweéﬁ@c},-/ I pdiitssisedfopol yet hyl ene,
and ul trahi ghyoRl REllcEIIVRELRIDNACHY RUR Y LB RREMAORS) BETBESaIdBErigOf | _

pol ypropyl ene and copol ynmers thereof and netal | ocene generated pol yol efins.
Pref erred polcynrinalomyith ghe pymrepiefitsr layeis ghare it endloapnesd Mgty PROFS |aveisl ypr opyl ene
and their515%989hyners, pol ystyrenes, acrylic and pol ycarbonat es.

Suitable materials to formthe conpressive sealing elenent include but are not

limted any resildugsme flmek ABEIOIERDE GselBLGHitid holderd did thddmbleysidh@fememal i ng. These
to a thernnglastlc

include but are not limte 0 r,. copolynmer or

t er pol yner, ﬂﬁﬁﬁgwt6?”%Hmﬁgﬁﬁﬁwm§ﬁwﬂﬁ%§ 55?6dW@E%E%ﬁ§EW%ﬁV€@h , thernopl astic
el astoners syghoRFmEANt LBNEMNE ethad@b MRS shd cdidBmBRSRIySIRMEL as 20ur et hane, _
especially closed cell foanmed urethane, and rubber, both natural and synthetic

! b ! .
such as sili eg¥deruipbRBes, Plyaryisulphongepelyslirees BY inMghlerises. Korprtedriny nvent i on as

shown in Gi gukigRed /BRGNS td S107BAE bieRdst 8 cfephd, PRSI, BINAR Ienedsltfhdffeal 3 and a
hol der 12 are individually nolded of a thernoplastic containing all their

respective ell@rdsnhaity pehyethyipreatoy densitipolvethiseng, lidh density mygloylens, andelreflahng but not 25
limted to t 17,

openi ng 30, s A e e o s Pl st 2 a8 RS

conpr essi on eh&ngaloceps g¢nsratsd pelyadied y nol ded of a similar or identica

t her nopl astic as t%e GOIders 12,1§,and it conﬁaiqs the desired features such
as the opening 22 g7t AP GHHERPONOSEISUR 8frigHlanpelvethylenep iPelui@PY 6% M50 havi ng an
out er diaget@@mﬁmggkﬁmgkgkgxmgmuﬁap&@aﬁa@mgnner di aneter of the cavity of the
upper opening of the holder 13 is 30 also obtained froma comercial source.

A filter 18 such agablemaiersistaismetht conradsive pqabindeslatisnioodlugeiboirarefot Bhitedany ca,
Massachusetts_i. j Lk | i (=15
substantialIiaﬂgﬁgrg%%ﬂ?ﬂ%&b%gﬁpﬁgapﬁﬁgggﬁﬂg'%F%gﬁ%%&{%@agggﬁE@&ﬁPathe upper
openi ng of t WemmplagismollBer mopdlymenorfiéralymeh &ened @unfodnred nauothdsctfoamedi sk i s cut or

punched. The fjlter 18 | |, in ' f hol der 13
resting on tﬁéhﬁ%ﬁgW%%ﬁ%ﬁ%gﬁg%%gWﬁ%”%gkgqﬁgﬁﬁggéf%Q%%%Q%H%ﬁ%%g%gﬁ%n seal i ng
el enent 20 i sretmsertedayn tapd ofl feanmed Lirthaomn tracubbaf, tobth hbter alypp eyntietic fuace  of

as silicone rubber.

A device according to the present invention as shown in Figures 1 and 2 is made in the

following manner. A holder 13 and a holder 12 are individually molded of a thermoplastic

containing all their respective elements and features as shown in the Figures including but not

25 limited to the vacuum port 23, the vent passageway 25 the face plate 17, opening 30, guard 26
and openings 27 and alignment feature(s) 29. A compression element 21 is separately molded
of a similar or identical thermoplastic as the holders 12,13 and it contains the desired features
such as the opening 22 and alignment feature(s) 28. A silicone O-ring 20 having an outer diameter
substantially equal to the inner diameter of the cavity of the upper opening of the holder 13 is

30 also obtained from a commercial source. A filter 18 such as is available from Millipore Corporation of
Billerica, Massachusetts is obtained either in a cut disk form of a diameter substantially equal to
that of the inner diameter of the cavity of the upper opening of the holder 13 or in a flat sheet form

from which a disk is cut or punched. The filter 18 is placed
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the filter 18 utilizing the preferred alignnent features 28 and 29 to ensure
that the opening 22 of 5the el enent and the vent passageway 25 align. Hol der
12 is then brought into contact with the interface surface 32 of holder 13 and
the two holders 12, 13 are attached to each other, preferably by one of the
met hods descri bed above such as ultrasonic wel ding. Wile being brought into
contact with holder 13, holder 12 also applies the desired conpression to the
seal ing el eanthamderamﬂmgeﬁ;mé bartdeellieﬁﬁmg ort the rﬂgperrmréaob pfdhd facetpilgtet!7.sSkal about t he
peri phery of thefllt % % L? La deqtetﬁg]n oenin f30 must do
so by havi ng “PHEEEE" T h&P‘S"t‘r AR 2P SLHE I P eshtdi*Aet's 15 and 16
are then atfaghsg 1%<amltz@§thre%?e@e%a L mgﬂlf%ﬁﬁé B 1916 oM 168 SR of OF Use,

or optionally, 1t steril |ze suc ganma ra latioh before use.

I n oper at ponthewlesf@ntwh@h@mnmasmewav 2bellgﬁ|Hotderr@ds th@ bolipls Fite eootadtwith he sanpl e

cont ai ner 15 [ t e t n end of
the sanple céﬁ%?%?én%rrfé%%éfggﬁged%P}g'fbtdtwwgﬂﬁ%%ﬁw%% gﬁ&}eé;%e%h JPneF %%E)GP%

container is b$qweaéiiled1efiag3ida®tibeﬁhbovslurChas:dtrast)nldz\Iv@dlrrgaWhlaalbelﬁgt; bmtg;datlﬁt@ Ti ght I y

at tachi ng, r t y 11 creates
S ru o gnesRadiiRaBE S 2355 3R I e Pt b b B 5t ached.
preferably S(ereeraﬂcbnd ccmtpoeselheelmﬂndterformaIlagatlgi$Seat dveutsher feapreryaft tha fisedBi ng

surface 31 of t rtion of r 13, tipnall an, el astoneric
cackor oy bevnBatl Nk AR b SRt oD e e PR B Bl a0 O
guard 26 20ancundfiicals. Coramges Blant 06 %d\éhd&aohétﬂoﬂ%@@é@ﬂ@/hcﬂ;ceéﬂ and Ferdegteeri | e

filtration of tlcﬁ/sfue cul t he filter body are

e, the fil te c ner and
pre-steriliz&d°pi'grHse: c?rEﬂl?B‘T‘”ingm?Wéerﬁtt?r@@Eéjtsﬂ'i as cgtamﬂ]laﬁ%fj %ﬂ'@jb%?rﬁtuée procedur es
the specific matrj iSlpe'rﬁlorPra%hrﬁ@@@tﬂlutl'oﬁ‘totb@%t@éﬂ |§'@ép§)8l@ﬂirﬂﬁe §aﬁ1pF‘eQHlﬁ%!alhé995taﬁH the
sanpl e cont ai ner. device 10 is then flipped over such that the sanple

cont ai ner 5191 ajtaghed detleentothe poléar d2 with the pressacef thepsample certaineed s bﬁﬂwelﬂl as shown
in FIG1, E rQI tRJuBm 2@&2%&%&8@??@% aifPth8 s AGH (Re PAiEPrah g2k Shown) and

a vacuum | S a . . te container 16 1 s evacuated of
air and the 6@@@9&&@% Iseahesis hy wwwreéh@@nrdialmﬂgﬂ@/toﬂf@dllﬁ@é@ﬂy 1Thr@atm1qaffwht@btsed sanpl e

sol ution is then, Q%Eag?a‘!hlgﬁ ?rLQﬂhl}%% o'ahtaﬁﬁﬁggra‘ﬁ%@% ﬁﬁ?t B e‘greﬁ@ Hﬂé’ﬁqﬁﬂeﬁ through

t he nenbrane guar nmenbr ane I on ows t hrough
t he openi ng 30a@daltbe sidhdeotd salag shrfabe 31t the iowert forior @flthemeﬂti@1&d]mmahean 16. To

mai ntai n the & 1 al V\ZE air at
at nospheric Sggetgrﬁ%lré gsé%trr{a i ?ﬁ%‘%”%&%“”%' %ggaés'?}? tNe%'b@g 1% 19&g¥oeglghe %%?ngl aces the
vol une of20sanpd edialdlangei 0o prhvade thassesary Iseadnlfgfnstd;rimntrmnbmfame culture, the

filtrate container and the filter body are pre-sterilized prior to coupling them together. For bind and

elute procedures the specific matrix is preloaded in the holders prior to coupling to the sample

container.

The device 10 is then flipped over such that the sample container 15 is oriented
25 upward with respect to the filter body 11 as shownin FIG.1 . A length of tubing 28 is connected
to a vacuum pump (not shown) and a vacuum is applied to port 23 and the filtrate container 16
is evacuated of air and the pressure therein correspondingly reduced. The unprocessed
sample solution is then passed from the higher pressure sample container 15 through the
membrane guard 20 and the membrane 18. The filtered solution flows through the opening 30
30 and collects as filtrate in the filtrate container 16. To maintain the pressure differential, which
serves as a driving force, air at atmospheric pressure enters through the venting passageway

25 and replaces the volume of sample solution that passes through the membrane.
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The present invention allows one to optimze the filter or filters used in the
device. Unlike the prior devices which relied on heat seals to hold the filter
in place, the present invention uses a conpression seal that allows one to use
filters that otherw se couldn't be heat 5sealed into the device and therefore
weren't available in that device format. Filters that are damaged to heat such
as many ultrafiltration nenbranes or which contain materials such as

humect ant s t hat iThkpigsant inentibh atpwe are thomtimtve thediked oi fiters hsed indesderiebl e filtration

format. For le, the use of. viral retentjve filters such as Viresol ve(r)
11 tors avai CARFReprgdrtEr Thparie ebfisbiar foRosR i &FF o FRelsachusett s can
now be used iiferdtibh §se@@}ébrﬁ@e§s@n abd ot I8 dnetd\Re HREOMRToMhe@ise\ebil @'t bEREARN | al s.
Being a closed systemit provides an added safety advantage when doi ng so.

Addi ti onal’l y sedladdntesedeyfee pid thesgfere weran't avaighlein that ¢iae fobshded in pl ace such as

| fib , h fil d f. [ | ul ; bonded
Lo ovens and  TaEReRde SRR B ek SR ol TS By ERr O s L OR RS o

devi ce. The useriaf sutbdupkeantsatye ingidit fanbibesas neake l3ed id gnadeviiablb fillatidrhe present
devi ce w t hout thF limtation tqat each | ﬂer be capabl e of bei ng heat bonded
to the devi c&ak a&:eexa@f)'ee%w%@ hap! re*PH(évea leseteh phYESEVER L8 aYFIRES 1y al | ows
for the use @bmailpotd Cdrgration offilleti®r MERBINEEAE bAMoivIbe UBR ilBMIdERse to allow for EXanpl es
of such filters include but are not limted to the filter bein

an
ul trafil tiat iMSHeRERON drematpiast Baingin dpsesimusiemih Provdes aa addemiairdy 2 %QﬁtNh%‘ut of f
suitabl e for g¥hddés retention; an ultrafiltration nmenbrane that is either
susceptible to heat bonding or contains a hunectant that inhibits heat
seal i ng, a mi cr opguidibeslrthetypeariditdiathatreguldn tiheatdorded & nirfce Bycb s Qlags-fibarg oii cr ons
whet her sy j ris | I ' jSELIL Ut ; ilter,
such 26 one Rad S FRUPTUTREE of o DR s Eadllanl it 0l R PRI o1
cel | ul ose andaafily béréained within ths pabsent devie lda sseed mutiiple freerkd filersaanbe drpe bitke, a
filter for.me f | . b fl. filter £ anes such
ns Evporer), e AR R nloBRhal bR PR kb by EheFHe

M nnesot a, i onewa duyace hegagledthéri THeer serg Unobntiars eaentialhi atlovar fordlsd usenf any ifitaror anes;
nultilayeredf stﬁfs.ot @hg sanme or different filters; two or nore | ayers of
virus retentive fTEEPL B¢ FREd on top of each there, one enbodi ment being a

th I t f th , h rpodi t beipg t
| ayers wher o ot TRASUeha) ApBHERRUL SR AR B En e A Bet gl o 0 ™

char act eri st infmbRhe PreRfabi 0f8 thahadwrioa@ul vighiaiod Biitasislopfilis @Retichani ¢ strength; a
first upstreﬁg%hllier belnq a. de er and the second downstream filter

th fil:
bei ng an It FalipmmpphyaRA tha & Ei”gefféﬁ%c%'}%'eﬁ%?% beRdNg of opipag @ HTSFAAA £ | t er
bei ng a gl assbith CheaddoalBla irbloRlis ABGhrbRASRLAR dawnghi EAM hidcher being a

m croporous nenbrane; a first upstreamfilter belng a depth filter and the
second downdeteSYMMattcsr aBMAlYS i PP SFOBIIBIS. Feerbribgheuchasors Pl ob? filters

havi ng decr easi N8R 8 TARSE HaNS bf KAMSUE Bol@iBscank il tuRs tibeRRAepth filter,
foll owed by a second microporous filter having a pore size fromabout 1 to

about 10 m creaiits Pelid aed hhiikeda fishiogradeaaplessedt of eniier epsorenifiedbpor ous menbr ane
having 2 ROr Goih7fotdiof T ARG OerforBa3Afthentr TSI Aot virSGEALS Of filters
arranged to have an increase In pore size downstream such as m croporous
menbr ane f ol IMywesptdhy icaicgly askardedfitess suchhasppiodias catisniamefprienesrmiilayeiethon- woven
filter. t he i t] | LEi : i he device
(A eE% PR o PG AL RO Bl e oo

top of each there, one embodiment being a three layer system of the same membrane ancther

embodiment being two or more layers where at least two layers have different virus retentive

30 characteristics such as nominal molecular weight cutoff and ionic strength; a first upstream filter

being a depth filter and the second downstream filter being an ultrafiltration virus retention

membrane; a first upstream filter being a glass fiber or mat filter and the second downstream

filter being a microporous membrane; a first upstream filter being a depth filter and the second

13



10 15 20 dains Wiat is clainmed: 1)A vacuumfilter device (10) conprising; a.
a filter body (11) having a top and a | ower holder (12,13) disposed from one
anot her, each of the holders (12,13) adapted to receive respective first and
second fluid containers (15,16), each container (15,16) having an open end and
a closed end, the open end of the first container (15) being attached to the
top holder (12) and the open end of the second container (16) being attached
to the skirt dofnstrbsen illmmlmingfaowhldeworc(ui&)smbrea&;fa selfestohfetemma\mngﬁf@dsas’m@im@ attached to

t he 10respecti_ve, hol de ht, man each of
the hol ders. (13 CCAFR st g T UBLPHPE BBl LiBoigoRro 4 a”and ai r
tight seal \Mhe\rhg%’polésfzgﬂtbrﬁlatfwﬂ"&oéﬂoﬁtmﬁr)lcr(afsendla)tlh}ﬁi Mnsttr@arﬁayeﬂfd‘rméotcﬁa body (11),

each of said containers (15, 16 formn i t acl es, mhen coupl ed
Lo satd 1111 OBy CeTy ey & prerear orepodda Eabul R SRt ST P er body
(11) bet ween fitdiearianded @ tvd Fncledde i orb Bi2d ddvhairebrfl sich aé Migropdréusimefbiahgl cont ai ner

(15) nust pa t rou e filter or to entering the second fluid
cont ai ner (1%%““gbya 9§€Eﬂhﬁ$HW§m€téfééﬁ?@ﬁﬂpﬁﬁ ﬁﬁrough the filter body (11)

Gownst r oam i de of "eRaegep Pl BTl SERAGERTE dbidte FIERAATE, L% o he”

connect ed t o leadivgio trdntes oustscand firog naddsaio mekelthegui d from the first fluid container
(15) throygh the filter (18) and into the second fluid container (16); and e.
a vent paésagemay (25) in the filter body (11) configured to permt gas in the
at nosphere surrounding the vacuumfilter device (10) to be in direct fluid
communi cation with the first fluid container (15 on an upstream side of the
filter (18) and not to be in direct fluid communication with the second fluid
cont ai ner (16);

15

20

25

30
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characterized in that the filter (18) is conpressively sealed by a
conpression elenent that is formed of 30a sealing elenent (20;20a) and a
separate conpression el enent (21,2l1a) above it. 2.The device of Caiml
wherein the |l ower holder (13) is hollow, the |lower holder (13) having a
sidewall with an inner surface, upper apdgmkower axially spaced ends, the upper
end being open, the |lower end conprising a bottomwall and a skirt extending

downwardly beyond the bottomwall, the 5bottomwall having an upper inner
surface and @Whﬂyg&mgyter surface and a fluid flow port located in the bottom
wal | fromthe i'nnér Surface to the outer surface, the filter (18) is

conpressively sealed by the conpression el enent (21;21a) having an outer
surface, a to? surface and a bottom surface, the conpression elenent (21;21a)
bei ng wi t hi n 't he® MsHmbilier et (1sPaRiEng13) and having a di aneter substantially

equal to that of 3 difpgeb8 (19fhaliftfa ok a BlvEleWRE! (1213) iREoskPWGH ool der (13),
and wherein the bottomsurface is in conpressive contact with the sealing
el ement (20; 20a) t hafothss, Gap efdrpotolsisi (k! % edapied o \wkaive respedivplist &dr f ace of the
(21: 212) i £hin-the Toner haraer (o ana boaded 1o {Re Y Anr S P dbaal 1 of t he
I ower hol der (13) soloas! doeepe eree elbd dregr e satainer elbpbrngtatiecied R1kgtob n conpr essi ve
Compressi ve contact TR 2 AL [RRT b sl cpldnd Tt b R At T2 qer
(12) having an open stidpf tanwartholdedd3), eacpatrtvd edeh gndspeing bitdchahip thend t he
vavaum PoLt (231 o\ AGLAREARI 6 P R buBRTNR riR D07 o o, L {oner
b. each of the holders (12,13) including a sealing element for creating a liquid and air
tight seal when said containers (15,16) are coupled to said filter body (11), each of
said containers (15,16) forming liquid tight receptacles when coupled to said filter
body (11);
15 c. afilter (18) sealed within said filter body (11) between the holders (12,13) so that
liquid in the first fluid container (15) must pass through the filter (18) prior to
entering the second fluid container (16);
d. avacuum port (23) extending through the filter body (11) and being in fluid
communication with the second fluid container (16) at a downstream side of the
20 filter (18), the vacuum port (23) adapted to be connected to a vacuum source for
drawing liquid from the first fluid container (15) through the filter (18) and into the
second fluid container (16); and
e. avent passageway (25) in the filter body (11) configured to permit gas in the
atmosphere surrounding the vacuum filter device (10) to be in direct fluid
25 communication with the first fluid container (15) on an upstream side of the filter
(18) and not to be in direct fluid communication with the second fluid container
(16);
characterized in that
the filter (18) is compressively sealed by a compression element that is formed of
30 a sealing element (20;20a) and a separate compression element (21,21a) above

it.

15



3) The device of claim1l or 2 wherein the sealing elenent is in the formof an
O-ring (20). 4) The device of claim1l or 2 wherein the sealing elenent is an
el astonmeric seal (20a) nolded to 25the conpression el enent. (21la) 5) The
device of claim2 wherein the conpression elenent (21) has an opening (22) in
its sidewal | ot o pHeQMligeoifddith @ we&ERUNI cati on between an interior of the | ower
hol der (13) above the filter (18) and the vent passageway (25). 30 6) The
devi ce of cl ai m e {merheidsr <t1P.>éSEqﬂ%rtlé%lgwemoléwéh%ﬁ@v'r(gzaﬂdewalsvv@r?@'rwrer nor e

al i gnnent fe%&r‘f’afo@%gé@%hd I‘B\WeraanaW’stp%ed%h’Jfﬁ‘]G‘é%ﬁéf eﬂdhﬁm?%@?ﬁ #e tweneral ement  (21)
and one or nbre ma %nrrent f eat ures equal 1 n nunber to that of the

al i gnment f e&PORTS(NE P bGtﬂ?@)W rang hék”(t:@ﬁ?nd@wpwaé#'@%@ﬂd tiiezpjton welhd® on or in the
i nner wal l Ofbotwﬂf’\%an%‘éﬁﬁ%%%igﬁﬁnrg%nls%)rfaé 8s 1R altérg rfao{e Qﬁd é)ﬂmo%g(tzz) with the

vent passageway % vi ce of any one o ai s wherein the
filter (18) ilosatad ipithauzsttprawelhtrinoihe fnnprtsgifaced) thapderdeiidcee of any one of clains 1

to 6 wherein the i8) (AT r ntion
filter. 9) The éif}llet(r:gm % %mprésﬁvéé}'%ﬂgd gtﬁé‘“@&” I%&E/ere%@%ﬁr]gzt@%%ﬁihéﬁfaﬁl @ & is of a
di f ferent vi maface et@rstifaonarcheiotat arfast the compledliorkemedid?t; <le) teing aiiyn tbee of cl ai ns

L 0,6 uher eh G iod: oy GRS Bk LAl 201,00 PRI AR payRoo 2 nom na

wei ght cutof# sui or Vi TueY f et i"on. e device any one of
clainms 1106 innbresideival dfttes [6wer belder (183 )and ghdreio the bottotrserdack islit @mpreeseh bei ng an

o al) Lt g IR hehg RO EH Al AL RBLES) 111 1,
is selected ftrredimart (h®, group consisting of a glass mat and a chromat ogr aphic
bed. the top holder (12) being mounted over the compressive element (21;21a) within the

lower holder (13) and bonded to the inner sidewall of the lower holder (13) so as keep the

15  compressive element (21;21a) in compressive contact with the sealing element (20;20a)
and the sealing element (20;20a) in compressive contact with the upper surface of the filter
(18),
the top holder (12) having an open top and at least a partially open bottom, and the

vacuum port (23) being formed in the skirt above the open end of the lower holder (13) and

20 extending through the sidewall of the lower holder (13).
3)  The device of claim 1 or 2 wherein the sealing element is in the form of an O-ring (20).

4)  The device of claim 1 or 2 wherein the sealing element is an elastomeric seal (20a) molded to

25 the compression element. (21a)

5)  The device of claim 2 wherein the compression element (21) has an opening (22) in its
sidewall to provide fluid communication between an interior of the lower holder {13) above the filter
(18) and the vent passageway (25).

30
6)  The device of claim 5 wherein the compression element (21) has one or more alignment
features (28) on an outer surface of the compression element (21) and one or more mating
alignment features (29) equal in number to that of the alignment feature(s) (28) on the

compression element (21) formed on or in the inner wall of the lower holder (13) so as to align
16



13) The device of any one of clains 1 to 6 wherein the filter (18) is two
filters, the first 15upstreamfilter being a depth filter and the second
downstream filter being selected fromthe group consisting of a m croporous
menbrane, an asymretric m croporous nenbrane, a nicroporous menbrane

cont ai ni ng om@c?@ﬂ@m@@wmhﬁgkﬁﬁbmgggggggy and an ultrafiltrati on nenbrane
havi ng a nom nal weight cutoff surtable for virus retention. 14) A nethod of

maki ng a cl osed vacuumfiltration device, conprising the steps of 20providing

a first hol d?};i) (ﬂt%)de\%é%f %&%ﬁ%@%@lﬁr{gqy%@f&iﬁ)ﬁe %Ilt%rdflé%) listae\firus(rrlftgati’on ftef OMTRT ession

el enent (212 , a seall wo containers (15,16) for
attachnment to the first (12) and second holders (13) respectively, the first

hol der (12) @f‘Vi ﬂ%d@vi&io‘ﬂﬁwg’%hé of a2 1%‘6%%@tpéﬁh@? (%éﬁs&w&'ﬂt&%rboﬁrbginb QWE%t axi al l'y

spaced ends, the upper en el ng open, t ower conprising’a tom wal |

and a ski st est¢ngordilterg downwar dl y beyond the bottomwall, the bottom 25wal |

havi ng an upper inner surface and a | ower outer surface and a fluid fl ow port

| ocated in the bottomwall fromthe inner surface to the outer surface, a

vacuum port @©23) THeakeneadf ildamiBhwbersik padh valsostentivrhitteiopela déferdntoifal teteptidnower hol der

(13) and extep %ﬁﬂgthrough the sidewall of the 17 |ower holder (13), the port
e

(23) being a&g% ‘0 be connected to a source of vacuum for drawing fluid

fromthe first holder (12) through the filter (18) and into the second hol der

(13), and a nt 2 for in the si | ] he | r_ hol der (13)
(32 and 2 AC" AR 1Py 0TS L DRSS b e B
at nospher e, 5Splirc nogintilweighti cLitb@suitbtlshr virmd reteitie open upper end of the first

hol der (12), placing the sealing elenment (20;20a) on an upper surface of the
filter (18), placing the conpressive elenent (21;21a) on top of an upper
surface of tHé sEeldenig obbrgrendf claR@;120@Wherg tachitieg 18 id towarthreasfittraeechdéing he second

hol der (13) in en er end of the fir h er. (12), applying a desired
Compressi v PoAaTeERTratEREhEE Rafed Ve e s Bt BEt: e For ce to
t he conpression el ement (21;21a)

12)  The device of any one of claims 1 to 6 wherein the filter (18) is selected from the group

consisting of a glass mat and a chromatographic bed.

13)  The device of any one of claims 1 to 6 wherein the filter (18) is two filters, the first

15 upstream filter being a depth filter and the second downstream filter being selected from the
group consisting of a microporous membrane, an asymmetric microporous membrane, a
microporous membrane containing one or more absorptive beads, and an ultrafiltration

membrane having a nominal weight cutoff suitable for virus retention.

14) A method of making a closed vacuum filtration device, comprising the steps of

20 providing a first holder (12) and a second holder (13), a filter (18), a compression element
(21;21a), a sealing element (20;20a), and two containers (15,16) for attachment to the first (12)
and second holders (13) respectively, the first holder (12) having a sidewall with an inner
surface, upper and lower axially spaced ends, the upper end being open, the lower end
comprising a bottom wall and a skirt extending downwardly beyond the bottom wall, the bottom

25 wall having an upper inner surface and a lower outer surface and a fluid flow port located in the
bottom wall from the inner surface to the outer surface, a vacuum port (23) formed in the skirt

above the open end of the lower holder (13) and extending through the sidewall of the
17



10and sealing element (20;20a) to forma liquid tight sea

with the filter

(18) such that all liquid exiting the fluid flow port of the first hol der
flows through the filter (18) before doing so, and bonding the first hol der
(12) and second hol der (13) together while naintaining the conpressive force

on the seconghRPhMERF (16118 port (23) being adapted to be connected to a source of vacuum for
drawing fluid from the first holder (12) through the filter (18) and into the second holder (13), and

a vent passage (25) formed in the sidewall of the lower holder (13) upstream of the filter (18) so as

to be in contact with the outside atmosphere,

3 placing the filter (18) into the open upper end of the first holder (12), placing the sealing

element (20;20a) on an upper surface of the filter (18), placing the compressive element (21;21a)

on top of an upper surface of the sealing element (20;20a), placing a lower surface of the

second holder (13) in the open upper end of the first holder (12), applying a desired compressive

force to the second holder (13) to apply a compressive force to the compression element (21;21a)

10 and sealing element (20;20a) to form a liquid tight seal with the filter (18) such that all liquid

exiting the fluid flow port of the first holder (12) flows through the filter (18) before doing so, and

bonding the first holder {(12) and second holder (13) together while maintaining the compressive

force on the second holder (13).

18
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