Centrifugal Filter Thisapplication clains priority of U. S. Patent Application
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that fluid passing through each nenbrane flows through a respective underdrain
into a filtrate collection chanber. The fluid that does not pass through the
menbrane is collected in the retentate coll ection chanber, and can be
recovered such as by a reverse spinning step, achieving recoveries greater

t han about 90% The substantially vertical orientation of the nmenbranes
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Filtrationcentrifuge, the filter is positioned, during operation, so as
to be inclined or parallel to the centrifugal force to reduce
clogging.

However, conventional devices suffer from various
drawbacks, including lower than desired recovery, filtration
speed, and/or high price. It would be desirable to provide a
filtration device, such as a centrifugal filtration devices,
that provides improved recovery and fast filtration times at a

competitive price.

SUMMARY OF THE INVENTION

The problems of the prior art have been overcome by the
present invention, which provides a filtration device
particularly suited for concentration of 1liquid samples,
particularly biomolecules, and a method of concentrating,
desalting, purifying and/or fractionating 1liquid samples.
More specifically, in certain embodiments the device includes
a housing having a sample reservoir, and two substantially
vertically oriented and spaced apart membranes disposed in the

housing. An underdrain is associated with each membrane such
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1. Insert the sanple-holder resenvir into a Vial. 2. Pipette solution into

t he sanpl e-hol der reservoir (0.5 m maxi num vol une), w thout touching the
menbrane with the pipette tip. 3. Place the assenbly In a conpatible
centrifuge and counterbal ance the rotor with a simlar device. 4. Spin the
device using the supplier's '"Centrifugal Guideline? for the correct spin tines
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area is needed the most during the last stages of filtration,

when the retentate sample becomes more concentrated and
membrane surface fouling increases, membrane interior fouling
increases, and the fluid height decreases. The device housing
is preferably made of a low-cost material, has low specific
protein binding qualities, and is disposable.

A filtration device of this type is typically used in the
following manner:

1. Insert the sample-holder reservoir into a vial.

2. Pipette solution intc the sample-holder reservoir
(e.g. 0.5 ml maximum volume), without touching the
membrane with the pipette tip.

3. Place the assembly in a compatible centrifuge and
counterbalance the rotor with a similar device.

4. Spin the device using the supplier’s “Centrifugal
Guidelines” for the correct spin times and speeds.

5. Remove the assembly from the centrifuge. Separate
the vial from the sample-holder reservoir.

6. Place the sample-holder reservoir upside down in a
new vial without allowing any of the retentate to
fall out, then spin the assembly for e.g. 3 minutes
at 1000 x G (or pulse briefly) to transfer the
concentrate to the vial.

7. Remove the assembly from the centrifuge. Separate

the sample-holder reservoir from the vial. Snap the



Figure 3 is an isonetric oriented, exploded view of a filter housing in

accordance with certain enbodi nents; Figure 4 is an isonetric view of the
interior surface of a side panel of a filter housing in accordance with
certain enbodi nents; Figure 5 is an isonetric view of the exterior
surface of the side panel of Figure 4; Figure 6 is a vertical oriented,

cross-sectional view of a side panel of the filter housing in accordance with
certain enbodi nents; sealing Gamumeo7the wialer théastadd emkbegdro@ia@ssnsect i onal
view of a device hol defre@poddidlel HadGOEIANGR W {4 Certain enbodi ments;
Figure 8 is an angular oriented, cross-sectional view of a device hol der
whi ch shows a filtration devGeaer(ccﬂlbensaFmgmdgeamram mum vol unme of a retent ate
fluid and filtrate fluid in a §pri®en|h'mhalfrilnatmcordance with certain
enbodi nent s; Fi gure 9 |s an angul ar oriented, cross-sectional view of a
devi ce hol der contaim i—a—teverse—spi N node in
accordance with certgl wyerﬁ%éééﬁﬂhgﬂélaeV%Séﬁ'ﬂnm%E' ure 10 is aj|schematic diagram
showi ng a position of the device hol derfduring the nolding process;
Figure 11 is an isonetric view of a texXyured underdrain design in accordance
with certain enbodi nenbigstte solution intothdHamBle-Rotde! reseABIr (0.8 ATBLThdm|Vi ew a textured
underdrai n design hqsdmﬁg) dit@gaahinghd BéHRHe Witram R@dwel s 1 accordance with
certain enbodi ments; Figure 13 |
underdrai n design haV|ng rai sed cyl i ndy

d pol ygon

channel s in accordan fffr ¥ \Fi
ng rais
cg&ﬁe‘f Flance ﬂgltgafﬂt&fﬁ% dance with ceértai n enbodi nents;

i sonetric view of a

protrusions, which f

Figure 15 is a plot of the results of gter fl ow performance testing of a
device made using five different nenbr2§e-device configurations (3kDa MACO,
10kDa MACO, 30kDa MAMECSpibiBe Hddae IiNGBeanshiict © @heiber.JMIEIines fiac Cor dance wi t h
certain enbodi nent S: the correct spin times and speeds.

v

5. Remowe the assembly from the centrifuge. Separate the vial from
the sample-holder reservoir.

6. Place the sample-holder resenoir upside down in a new viai
without allowing any of the retentate to fall out, then spin the
assembly for 3-minutes at 1000 x G (or pulse briefly) to transfer the
contentrate to the vial,

7. Remowe the assembly from the centrifuge. Separate the sample-
holder resenwir from the vial. Snap the sealing cap onto the val, and
store the product in a responsible manner for later use.

anisonetric viewiof a textured
al protru3|ons mhlch formfl ow
gure 14 is an

In certain embodiments a filtration device holder such as
a vial is provided, such that the filtration device (sample
holder) can be positioned in one orientation in the device
holder for sample concentration, and can be positioned in

another oriertation (inverted) in the device holder for sample
recovery

BRIEF DESCRIPTION OF THE DRAWINGS.

Figure 1 is a vertical oriented, cross-sectional side view

a filter housing in accordance with certain embodiments;
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Figure 16 shows plots of the water retentate volunes for 30kDa MACO and 50kDa
MACO devi ces and conparable M croconTM devi ces as a function of spinning tine
at 14, 000Gs; Figure 17 is a plot showing that the typical val ues of
airflow | eakage for acceptabl e devices nmade with all five nmenbrane-device
configurations were | ess than 0.35 cubic centineters (cc) per mnute,

Figure 18 is &iglNge showiSng?t hatgther oweiAbF et ng CpPeeesec siiedssfenty bonded

the two pagets iBt0 a sifigherdeeihg aiRBNRRkokhahcHenpish r ategeageept abl e

pressure integrity; Figure 19 1s a plot showi ng that the | evels of
aver age pr S?Bﬁgélrb%’s?age (proteins that should not pass) were |ess than 5%

which is consiRigued tD e am atsepeabie beveiteaf, pexplbrdmnceiew of aFigure 20
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90% for the devices that were teste . is considered to be an acceptable
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total vol usedef psaepl & hat Mmasecreaeiad fior fbeseiLRY cestiasegfeat er than
98% when the reverse spin procedure was used,; Figure 22 is a plot

showi ng thS‘[“b?%é“ern $ilts of the average dead-stop vol ume that were neasured
when these deWigegewér e.sspum foomek@inl mutespf the exEegive 23rfsceaa ddttom vi ew

of the oveggglgﬁgjpgglléstofmp'&méjq}s’cri bes the relative proportions of the w de
flange feature conpared to the overall geonetry of the sanple hol der;

Figure 24 is diguge $i éw af verklerlerdiicaéad; acketssMsitéRndeésti¢hest tthe
relative peoporbpheas ef the wideekl apgeihgatur aceorpares {och heepyveral |
geonetry of th .sar{pl_e hol der; Figure 25 is a side view of sanple
hol der, V\hF%O%é'ée(f‘r i®Bes | ocation of the drain holes and the space needed
bet ween the w déidurandesis @ ersairicaddeqiuateedlr adrrage sektivhat ateevdurf ng

Spi nni ng Oper al9BS: noiderFi G e 26,1 AN i S0OBLAL Ll ey Of t@srgg{r? pin used
as part of the process to overnold two panels into one device; an
Figure 27 PEPaMM®eétric view of the heat seal nest, which includes alignnent

slots for the panflre BETA L&D dSCRKPb-Obh €8, THE JNVENELOBhal view of
a device holder, which shows a filtration device containing
the maximum volume of a retentate fluid and filtrate fluid in
a spin mode in accordance with certain embodiments;

Figure 9 is an angular oriented, cross-sectional view of
a device holder containing a filtration device in a reverse-
spin mode in accordance with certain embodiments;

Figure 10 is a schematic diagram showing a position of
the device holder during the molding process;

Figure 11 is an isometric view of a textured underdrain
design in accordance with certain embodiments;

Figure 12 1is an 1isometric view a textured underdrain
design having diagonal-oriented flow channels in accordance
with certain embodiments;

Figure 13 is an isometric view of a textured underdrain
design having raised cylindrical protrusions, which form flow
channels in accordance with certain embodiments;

Figure 14 is an isometric view of a textured underdrain
design having raised polygon protrusions, which form flow

channels in accordance with certain embodiments;



Turning first to Figure 1, there is shown filter device 10. The device 10

i ncludes a sanple reservoir 11 to receive an unfiltered sanple, and first and
second nenbranes 12A and 123 each arranged on a side wall of the device 10 as
shown. A retentate chanber 14 defining a dead-stop volune is provided bel ow

t he menbranes 12A and 123. A collection tip 30 (Fi gureqz‘%9 that is generally
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that are ggpeiahgde duhihpg tra%ntfééat@edspﬂamltwes@eé@t Qs ,dhe gf«‘egtép support
the membrane and al | ow fluids to flow underneath the membrane and out thr ough
the drain Rbfes’®fs WheRehhe Hee (RS FPANNPERSILLSY "RAadesdat el y supports the
menbr ane, the mrgQ:&eOfZI hesmesrbpase mMapwshgetuat atwk beeguer el @rgated. These
enl ar ged pores. Siz hen co rom the retentive ct%ara(‘t erlstlcs of the

t
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that ot her festtimbleempateerns e oMetrhilD §dnerogpe fothé heafyrs etldenyent i on.
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bei ng usef ul ng?L u trgfl ﬁt%rgt%'oﬁe Eﬁgggngfa%e% %:ﬁoﬁ"{ Cigseg dPtr aFi I‘f’ra?q} on
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targeted for concentrating or desalting extrenely dilute or hydrophobic sanple
| i quids. The use of a hydrophilic nmenbrane having a "tight" mcrostructure
pronotes good retention with | ow adsorption of protein, DNA, and other

macr onol ecul es. Pol yethersul fone ultrafiltrati on nenbranes (e.g., "Am con PM
and "Bi omax PB" al so available from M |4i pore Corporation), or other |ike
menbrane having an "open" mcrostructure suitable for rapid separation, are
better-suited for devices targeted for concentrating and desalting nore
concentrat ed sarrpl e liqui ds such as serum plasma, and conditioned tissue
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The tapered, side-by-side two nenbrane design al so has an inherent

sel f-cleaning feature, reducing the anmount of nenbrane fouling during
centrifugation. The tapered, side-by-side design also enables pipette
tips to easily fit into the sanple holder fromthe top and reach down to the
bottom of the device. Typically a user of this device would use: a) pipette
tip to extract Rigerdesppedis et@ntditde valighe ehatsdmmleachgddeat edwii¥cht he bottom

of the deyi&sitls DlodBUBNSE SPERet BRaERVNESeEN s8aVidle Ofpsddn hadadipl der. The
space at the bottom of the device which contains the retentate sanple is

usual |y rePRTHEP t PGs YHE dd@ ge6p b0l fifPure adeqatgefrpdngdgurds 3 and 5,
each of theisitaepanelisg 15y nrlis opekatdesnone or nore drain holes 18 that are
in fluid commund, Lon Wit e, .ate .cha r.,.14 and enable filtrate to
pass t hrough thr}lel%g%\?i %eG hlostr]s%rbngl%(%&efecr()ltrl%cgﬁ%glcigl%gntqen Gnot Her" huosuesdl nags such as a
vial 75 (FPyur eo?) thenrrhecewbodi rEarnshbwhyo f pamelsuchnitdr apme hdéescear e
illustrategnhgn each of the two panels, although the invention is not to be so
limted. Each drain hgole 18 is preferably | ocated at the bottom of a
respective undérdPdfn 4r obve2Br 1GRRRREFC aldey s Opr é6r dIRAF stk artital |y

circul ar iwhidlosisrcdadts oalidgherdr ailbthotes tshophdebe | ocated a sufficient

di stance fromthe side edges of the panels 15A, 15B so that the holes are not
constricted or otherwi se deleteriously altered during a heat seal operation
that can be used during PERBIBED DESQRIPTAONCJRN | THRE IRVENZIAQR| y the drain hol es
18 are equallygﬁ% for. o] r,an >Q- | I e e side
panel s 15A, 15B ar gggr (—:-ff]'grggbltg}((j5 ?ggﬁ??cér gﬁgggr gQCSF‘??guFéé’C?% %%‘gbcefi t or
press fit thto Bhe dpoi¢rerlO Preflidds 2 SdmEdyr igERT¥RAT 15 bledeedlv®al the

Si ge_ panel gnt an)fl?ﬁ;ea:fé@t @mplg\?m that fq&dthaa_dgﬁeerahalr Mghﬁ?&’r&édﬁtﬁzﬁeﬁd i slg
rib-in-gro configuration erejn e i de panel i udes_a groove

formed al oﬁégo%cq &PNER0e%R h%r%lo‘#e, v ﬁg 8§rFIE)e “fltﬁf‘rrgg 4Pong°the dt her inner
edge t her eoétdrRiaguer eeimbeThd 4graxiieihd andieaidbs26p arelawoanf i gupedvisdmsh t hat
when side pa SRA raught pn al hgnmept _ wit i.de n erib 19
of side pane@lSA an the groove %8010#’ si de p%#eﬁer%fégqertlggggb g;g?%l%lg{he rib 19
of side paftl th&B andIenerglbovergosivires gadpareorregas e8traedklyt hErat de panel s
toget her. Fhé ao%_@&yrr gaatrmmse@f;i G atd Qilaaa;hebpﬁa% Obﬁw\ﬁ.defaaftﬁt hecpansal 3_ are
symetrica igned prior to over i ng,_and. throughout e overno| di ng
process; i Fl’%sgleggss?%?r é’f’gH‘f‘?or‘?tonmge acﬁgF%Irn]cJ&ee 3ﬁd t?‘ﬁusé?vdrﬁel’i t%ﬁ‘%es

aut omat ed asisshientdgdredkes vheiasidenyl pf phocéessiramop wveduséaat tlee machi ne
faul ts. The | ahyripnth aljangent ;al so LHpetE | asty r

preventi ngat%_e over rmll,det% mat erl?IaI from %_n%%s‘%%ﬁl eggnto%rﬁgg_ggm%e&\%ol ume. The
groove 19 €an $hcliifde idnemdfienoPe port58:i#E wheherlHeepdrdtr edéssiieakh of which
][ecei ves ailapéfr@sam@?i r}gbqurotvj Ofﬁlrdlféitnhﬁnig{de_ﬁ}ge c?ﬁa%@c&ef\ikgfﬁl .| sd,pré){d’ usd on, toI |
acilitate_the snap-fit between t two panel s. Those skilled in art wi
appr eci at engg o) nt%é?’ JEEPEAs T owjgtr eséctaé’da%gﬁaﬁr?ﬁtaotrloﬁr‘aésgoff?sah%ﬁe)a seal are
within theasplied dndisgopengfrifheatihwventi ofyitsidle asatesigrlisesionflspaced

protrusi ong.ppfiNg WkbrrSerdes firspacedinel lisrar pnef | QABAL dayel s 86
and 87 Figure 3{% are integrally nolded into the exterior surface of each panel
to enabl e PRRETS PBlpPettsel yThegrsfer PRRESSant %A i ghtent!FRBFES | B)t W nest
fixtures tpattafgaisedat o ol gdadde odevi celiearpl@cs tdur | hgesmrElr anei @t t achment
and automated pick;and. placement, An aUts%gaEﬁgop{r?ecesn ecrairc])rbgaust?d o nove the
panels into a renbrane “aftachfent® Hodil €, nenbrane” al'i gnment modul €7 over nol d
nmodul e, anth¢ ndpyioeesse qal fe yd¢repuice dhenddulids le@aés obridre tomedrsd i s

desi gned torfdX dHe rRaneks;bh PAcasi.n a nest 108 (figure 27), while a second
dowel 87 allows_ the panel row in one direction due to thermal expansion

to
ef fects that na’&Fec?(?EGPlHquﬁggﬁYb%%sé?nJg? fHrEegoyl StIPSBIRT obvelef 2t
finger-gri phéeatnsnertdnets eoallids ppeens orsa,t d seonfragabl B) holvHitheatevi ce
whi | e wear | e LI;C . ves 1ave been treate ith.water or a
cl eani ng s%ﬁ%%n%‘?e%n%g‘aﬁ%ylg%?lg %ée‘blav\?teet %rs?ﬁé haﬁh‘f}? Wga%%fhgs}énr (SF%%uleng dowel s
al so hel p ptevirludee dewi cenfepdraigei gewearty 591 ppiaty swpretta usks's hands.
Figure 3 shows that an overnol ding process is used to manufacture the device
10. The side panels 15A, 15B may al so include a top nolded flange 17 and side
flanges 110 that hel ps nechanically capture the overnol ded jacket onto the
panels. The flange 17 and flange 110 form an anchors that are used to secure
the panels to the overnolded plastic thus formng an integral and robust
device. This inproves resistance to hoop-stress failures and devi ce-bur st
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The jacket includes an overnolded material that maintains the sane di aneter
fromthe top 112 of the sanple holder (Figure 2) to the bottom edge 113. The
bottom edge of the jacket includes a integrated wide flange 88 (Figure 3) that
nmechani cal ly contacts the inner dianeter of the receiver vial 85 (Figure 7),
and holds up the sanple holder in the vial. This feature facilitates high
speed spi nheRRradFer ard o@govadeas c dRUARf urpEi R 8190 bl nighe heeForistor

stresses genghsdedily thedggevigenpd o the shouddenial sugnai vee Via .
Fi gures 23 and 24 show the relative E{raggortlons of the |ntegrated wi de flange
g

feature 88 ROHEH & T Hie °dvEPared tryA ol 9Eo9XRpr eCh si de
Vi ew showssthgdcd heextultds okththe aMedelddtatitge bemdante 88e( Edegth:rren84)tc( e.g.,
0. 250 inch e r.ol 1 e . 144
inch), whi %%b?usegﬁllﬁggt%\%oggaﬁg ggFoget er | (gfqgngle g\%%gé g‘i‘% dgré of the
wi de fl angét88oneeds ﬁbebeir@tlnl gaslte 659df inhe eutxacedivametiaira lof ﬁﬂ;e sanpl e

hol der 116p4fd guiss 24) 419&1@'3%‘3!5/9cBH@ig@fé@S%%%ha'fn%mgggﬂé'ai§l Yefligi riduted and
transferred to the sup ort rimof the vjal 85%b ure .. The width of the
8

wi de flang@ §838‘ﬁ‘6'iﬂvc? n%“t A9 ePRSte }Eh%m H¥asto fO‘E‘Hé d‘)h‘t”ecf1 BRSTEt%r of the
sanpl e hol derolgcatise médmsmnaustarbesseinougte space IHolsFi glir eh@5detiode fil trate
to drain o i e The transition 118 of the w de

fl ange fea%r%eé%q?F%g 91(2(55) %ee]]i%ns at a location on the overnold seal 119
whi ch is appr oxﬁrrratC@lryaeqUalembedUn@tkﬁal f adsd dimgmbrene of Lihe dE3A cels The

transitionceesMass ifieon tdie QV@e@%Iegt§@@-l uBbErdieNt sopsdty gsadwal S0 as to
mnimze stress cq}ncentrat ons he outer dianeter of the wi de flange feature

88 is the S&AEThSTRHTETGut ePEIPSABEERTY atf tHE (B L R or fﬁelgﬁﬁ%‘?%‘j Ho der. This
feature enabbesrit hehes angileranel derd ticedre invas t eta@nds spunsiblé hewisale recei ver
vial as shg ov!ur}mg{fl ggEﬁé’lent Paggedﬂr de {)ange 88% pf;ﬁ’ | deueauah Jrateri al

support to evice In p i'ng centrifugal spin operations that
may be equalfakke afbhigh ettt eflehadnd OPODD Gshr Wghertihferiz avie Itsowr? tdfat t he

flared featHseqenakd ed deviseprbeePeSPiiht aly@RuLLl 4gakaspeRibpads as high
as 16, 000 for one hour w thout danmage. Wien the flared feature was not used,

sone devi c8% FRsHScaPly2 At ied ®and col | apsed into the bottom of the
receiver vial. Badrese analgsi3 oéndlevl £esstshowetkatrpatst hefflanedalgkonetry was
needed to keep, e Waldgcof atttE%r}{kalafa%ﬁg' gﬁaéf?’zﬁraal% PO Pl & apd; al
distribute the contact stress between t evice and the support ri m85 of the
vi al s bel of¥tirApicadt | @rpireraiany esks of (fiming all3) or Trdtiafpcetstkness of
t he over nokdeghyaldnhaat pT-rIEertJQE gp themdevd e R9 siGegurethy BeRES. tthde
suffici entg thick in org éo pr event FJI'['[I %fractures due to stresses
that are geR@rat'€dHy tR F CRF G0 AP Png R TS f G5 - SHPROPF octites. A
sui t abl e t hemress ats Onﬂelms/ahschemlc\hhmnamwal icapl8fei stpeegsied ot 0 t he
sanpl e hol dgL R BSLAD! ld%fm?l | dh%&ﬁ' rlaggaréyet%%%s A ggﬂgsﬁeeai When
devices are spun 1n a centri speeds that generate 16, or nore, the
mass of t hUER}P %fﬁé&%\hﬁﬁ%%&@%??l%ﬁt o @465 FERBPF - Hisop
stresses Imertlﬂslﬁrfearaﬂcﬁ allqloeberfluhastbeselcsw r\ﬂ&ii.&ﬁue&'tﬂ Rhghnenpughe 4he side

nit line. The knit line refers

wal | of the ol ra.ct 8s al

to the joi ﬁ?év\ggfe %r}h qEwo ot ho °e rﬁsll’to8n ws gfh ol RSETE T ABRt ISR S % fused

t oget her ddnagepuatelovenppbdtpr olcesxsembrane, The overpvbdedhpavkebrdrid (Fi gure
3) may be prdesysing, dladeerb%r&tomgoleqeﬁest@aid'ﬂﬂe\é%s e\m'afieeana@k@s dgiie%f ent
device configurations to be differentiated neans of “col or. or der
to ensure FRS GIATEELSEoTHSt I FeRtitice Chtaﬁéc Fistoics: §5‘ﬁpf“émﬁﬁ%ﬁer nust be
t hi ck enoughet embse&M@dtit tde: Fogue asl i €s def eepmnés 0Bft hati svaulidrempalde caps to
open - whi undesira b | as defor tion and ruturethat woul d
al l ow | eakgge i ?ﬁe samlg{.'e Ff"%"al‘}‘e’\?&n f% i's afsoqgndlem Falré’® oS orthe

| ow pr ot ei Rabiewi nEp IMHNGr i zHliseld deagiadéelogtamrsenid but Abé emmbedpuintmert - a wal |

thickness gfgate |easts Q- 83RahB&M V@asttfe(}‘ﬂngft Pa PSS Y AAMBions 16 Mgn the wall
t hi ckness 89 (Figure 1) is increased, the internal volunme (Figure 1) of the

sanpl e hol B8Y 1#dSPedifcelSed (HRdetPThbPR |WIEFSIa A mItEUGE Efes of"?%&s t han
0.45ul are conmmercially undesirable. Having a device that has a sanple vol une
up to 0.5ul is considered to be desirable and of strategic comercial val ue.
In sone test cases, increasing the tenperature of the nold base from 90F to
125F was used during overnmolding to nore effectively fuse the knit |ines

t oget her and achi eve greater strength. Care nust be taken to ensure that any
addi ti onal heat used does not cause the bottom of the panels to nelt and
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The two panels of the device need to be thick enough and stiff enough to
support the overnold pressure at the nose of the panels and at the center of
t he panel s. Experinments using current geonetry and styrene-butadi ene nmateri al
reveal ed that a wall thickness of at |east 0.0585 inch was needed to prevent
unaccept abl e deformati on and col |l apse. This thickness and a suitable wall
strengt h wakikhesdedh etba tEvdught tlheaprirasia teertdadupprrtee dedt ernst exfe core pin

102 (Figur @xé’r@le@urdnri? tbhe Rhacessnot sverdmldifagcrans! arkntockite ool et ed
devi ce. The surface of the pin that is closest to the nenbrane surface 103 was

relieved td°dfs e HRaP EHE e até°Rever cones into contact with the core
pin 102 (figur sw@pbléhenaneiramicisveihayete ohidiepdrenBr ames canrbpodamaged when
the ”E”braxﬂgm&rlo 3, N9 CONLAGE W é@i&?reu élf‘usl a%rcafhlb&a%ﬁﬁé}ﬁ?f&.as the
parts are ejected from the overnol d. 0 prevent nenbranes from bei ng
pul | ed awafedensmasadel scahdusesat chelddaf it heasiemf acenegorehescor éepin 102, the
pin was fabgicaied Wticaenimhol g 1041 {hat1enapl enaib-{xam bhe: tbek cavity to
be evacuated through the center of the core pin. This unique_core pin design
enabl es thgr%ebr’“nlolllcﬂor’f& SPTREVAELL" | AT aBRdifEr tb’{‘?'éts'éloé‘?né’telé\‘/%‘fl%%ssuri ze
and bl ow t her at¢-aicdead tagertane fokf cohctherpaing or desaltibpeekakemdlIventi on
nmust be gi 0t I i ng .pat i e oV vity. During
some exper%{%#es ?1{1%\@3%%@%‘?‘55 léat q\kﬁg%&?heﬁéenmpseer éﬁjgglhggg?ﬁ@liolvée/r nol d
mat eri al , BSWPERSUr Ry A het t elpeghdt'ur enigfrosiisuphsee noPHoRRtGOF, JoRs

i ncreased bycaid 16r35460801 easy FabiGodgbfon t Be agididdional ohigat anbhabcid oved into
t he panel s caused thgmto begl n nmelting and col | gpsi ng onto the core pin. In
the nost eREFEMPIELEEESt he B é(-eﬁBFH%‘d“;gﬂWel SHfERI 3 EhSugh“EBPES et el v

cl ose of f theydrai'aricbes. PHN samk CosiemakherPBetataefd ectvaiwabeesuffanci ent to
al | ow panel,s i g e away fro [N gﬁg Vi ow

pl astic Iegﬁl%ﬁﬁ) o ?Fgé/og%%lrorﬁﬁe ext eg}%%’kemg?{%eofljn e aggeneﬁ"%v?ﬁgsgalnlle cases

t he | eakageoR®is' sidldroghsughuthatsuitébdevi ées werkli &t jJeraghtgond g ity. In

the worst gasesrih@tphaskbe fhovedal ltrhecvay eprt addhendratindol &5 and
partially filled them i s was_considered. t e undesirabl e because the flow
d

h Thi s o.b
t hrough t h8SH? i1 % of'e%® waS FEREF 7 tERdSa™P1e 13RI dv et  afF% P& Gt heat on
t he pre-nopdeshapanreld candbeiowst cdmseubycubpumi ng thermal cooling of the nold
cavity and cor i, Sj | v, gat t. pkastic_i.nj { on port
92 (Figures 1 %%&rﬁggge%cgf hgg?%yﬁalr%dwqezﬁgghﬂglg?gg_llﬁlaﬁrgo&v!cg%g%%at es
create hi ght|evelsIf aMeldE itdwhesPeRe pPashe clonmitcld igenercaneefrbk®® heat .
These sheabrfipnsisarebe o eduerde iyt UsiNdopd ¥al ¥ecigatdnbrahieChshasaged ar ger
cross-sectional flow area. This increased area reduces shear heati affects
and enabl eS§*?RetBY et BT He i tifar}tﬁrgénﬁof‘edéﬁgf‘?flef9F?%Ee.r than §iff ve gates
are usi ng botton ectfi ohhav| tonkimardi.r edt flrendll-ewapbdnetdredi gpirastips piod yner from
the hot [ URDBfed Nt &l heoaekdofiayl tVeacto GERLEYS. t he, haSt am!ang'ﬁereé lts, this
fl ow of polyner shoul d be directed towards a solid surface in the nold cavity
such as a Eereepiiplosflprgurefads afdring (Engadiéugsyiomhi s APowrekRls to be
broken up bpRéSdtrdHaneRbosW OP Sahd® HAvemanmabeht ab° f o mabksyagdoget ting,
whi ch coul °r°ﬁ‘%sh n th sucrifgceb of fi n'hihed parts. The adverse affects
of overnol di hg"Fredt" Cahalreo-heoverE8RESby pl acing cooling lines closer to
the part's surfidcee tapdrby, i acteadbng itdeetwal newotaney dasige ehAsbhkagoxre pin.

This can ushabionbe aocomlebaing Dtoughpg, LYPLEM 00l LMD [Lpds Sugh as water
or propyl ene glycol solutions. The adverse affects of heat can al so be
over cone bPeTRTHY fordiPAserisnd AN EREEIAERR hi gher val ues of thernal
conducti vity. Mattey | abpéhad haveabi-ghesider mekigondusbi vétapbmid | pepabte heat to
be drawn a fromparts re .effectively tha en terial s having,a | ower

t her mal co)réllg%s(’:t %‘\)/i F?séé% l?sigd.mfﬁegtehei nss'-’)eénrptlée g‘ro\e%l?srua rl°§/n ftg’set endd EI“%%O t he

nol d cavi t yeaendidrl pca rersfleet tnemtofavdye fdegira .- pr §ypbral hore efdecef vel y t hat
when one types Ofevi&e!wddidised: Tpigalditel RIBr & AR RELMRAE HSipgdretal s,
such as beryllium copper and al um num Figure 10 shows how | eakage t hat

i
may occur FRATEHE TFos¥ UG hePPanBRS c R HBULY o BPeadfitig™a I othusi on 93
on the outer surface of the panel, which acts as a seal. This seal feature can
be integrally nolded into the panel's outer surface and functions like a
mechani cal 0- R ng seal. Wen the overmsl ded cavity is closed over the panels,
the cavity wall makes intimate contact with the integrally-nol ded-seal

feature. This seal hel ps prevent |eakage of plastic into the drain holes 18 of
t he sanpl e hol der. Preferably the core pin 102 (Figure 26) is nmade of a
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It is also very inportant to control the follow ng factors during the

overnol di ng process so as to ensure that a good device is nmade: A. The design
and shape of the core pin nust hold the panels securely in such a way that the
core pins surface 103 (Figure 26) does not cone into contact with and damage
the menbrane's retentive surface. B. The design, shape, and sel ection of
materi al s #®Yiqshe Torke) prAVAESE ERZLr éhfzhétevaleqaat & coigl} ner i simklieved

during conkéiuous 1A caaa&eoeer HHONSH £ AR |o@a(i@16u@%91§@0hhﬂ6hW!:brhtéﬁﬁsu| t in
t hermal defornmati on of el.s. C. Thgﬁdea ction of

) an s&aﬁe and E
materials Fof TRETHE pslaﬂ‘pr]rﬁstlsalu?éla ¥urgTehese undedfr & %‘?T%tc?fi ons do
not occur dolumg:.continuous nolding operations. Stiffness was successfully
achi eved by inglu tQy oke ngs desi pQrt.g whi ch
stiffened the o%ve:y %% &gs? hngen%i rrée Itrﬂdfl:ed | at ergjlqf ?ﬁ% gégfohwéﬁ%g&&nd 105 of
the core ptpB10ORChi@Es ben%tpéngn%@ﬁléhdh%lﬁsffl%néhgh Baepugh fheichose of

the panel schithuhitheioner wptdedtgad psonardie Seatnbbe panel gnintondie nol d

cavity 96 sp_as to revent he ane|ls from bein om t

B bt i on- SAH VR BaE $FdutPiguBIeThel SFTie HSLSHRE: dheaPinbal b tiaur e 10)
bet ween thénsuppohér ahbgsiegt sdohelss i a whel prrénp|keireantl s areh tttee recess 99
in the overpol ded pangl, Stf&ﬁ MsQL 289s o TR S J1eedeth 14 Ay %‘éer!E the

panel s from novi ng away e injection-valve gate during over

oper at i ons€aclg, OfFWéleclte'ar aﬁeel@apallmuem fjb?elfl‘cantlﬁéltweénnpﬁetﬁr*e@mﬂ@ed panel s

and over mpigitcaVity magh Reagar efdild yieond rptd edand keflatle@ admidrumin
order to p event updesi rabl e | eakage of the overnol ded mater !fé@l gﬁq t he

exterior waPtt8t Phandl SESRECHHRE HWERETONS 8FCtTe SEalcAnf&rf ween the

panel s andprélﬁembelynmbdstamiq/llr_ms:nrb:elaer yn carefaHdertdont r ofheddtairensur e
ood shut u W | e 1o drain

%ol es 18 (E%%%%e%%hoe ?mﬂ%g%e rrém%lrhg%gggerrgéa fz%d\tcaéln k%g) (F%eurée G

Adj usting e#€epr 6fesS parareter sl Used 1PBr Wvekhdt dithg nBglpt odirde nafcr enent al

| Mpr ovenentsnd ot dprav estiH e isedericabl ol £k age: He POYRIG MAtesd@l across
t he seal |nte face bet weenpganel S nd the overnold cavity. Thes process

par anet er s°cohsPEETBF o) tPaki £t op® t BipSr AGrBI d WS A5 PER ng bSh

t enper at ur eem:tcet he pmelfd rbhde, tladdidin hedeof 1Hacke prepsdiliye s@ace@gfmni di ng.
However, ”PK&S&@&U&SEHS”L? tg,tihese process paraneters is not a substitute
for proper mensi oni ng the seal interface between panel s and the overnol d
cavity. H. The %ezéléﬁdpgﬂabe b2t Wk gre prafaidhlensané icRat 2rhet®ee i s

Su;fl ﬁ' ent csﬂueﬁglmg ket V\ee@%t heleurérace&eég?» fH gbhrrﬁcozﬁ)on@f bhﬁt}@@fe IOI n 102
and t he nmepgbranes .12A rel at are attached to t panel s, so
SRR R - SER: v Bl S Rty LIS S )
process. Apye cenbak;er mayor eSatt ennl,sem ocursengaaEge Jtabytrhethetseaﬂ.l Ve |layer of

the menbrapey,_ WifGh FBY CRRREORL S, h%h%\é%&ﬁ' leaBR 5 %gagsgﬁe@f ﬁbfuai&v' ce. .
The size and shape of the cofe pin rnust al So ensure here 1I's recess

pocket 1072( BFeRife Yh)fasimed sdrrecPeft lervareduce thereRé. t pd 105F bF %Che core
pin 102 tofsupporaléme €nReeotRatunandd Ebhgurdeted&sb)(Fifatei 9) int egial |y

nol ded intg the t of each _panel . _To, mak 0 e- nmol, el s, an

i nj ection %?%V?/a#goe TJat’ e%nezgds?rteo 88 L5341 osnuecg1 %t%atqhg'%ﬁosg ig—'l‘g&ure 23) of
t he panel slhkats tPreowdrdi ninttol @d igomensuveth e deesanstir 46Bur alhemil@glﬁ ty of the

overal | deykcg;qfl agidg 1t5ﬁe aval vgea %grEQ@e n@csseopfa%n%a%e@nq%eéneé@ét Ic
material flow into the nold and preferentially positions the material knit

lines in tR® BRdER®IrEih %?r%t?ﬂ' RN IndtOBadP8s $PENETEPER AhePt $HE nenbrane
i s attachedandl | D8 ,ngtd heokni thd i S tmareQeuUrcoaktthbe. memrhianeasyt actirent site

conpr om ses, Igﬁ%grudr%\glggs I’géﬁptl oq:opergrolr mancetPH?atl pr Qcesses ugleed to

attach the me ane nmateri al® can causeé kni |nes pen-in an
undesi r abl eymegtrigigildli alionedf buies to ¢eancdiddnnd atnldetbeai—lghout the

overmolding process; it assists in retention onto a mold core

and thus facilitates automated assembly and makes the assembly
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The nenbrane coupons are di e-cut using an automated, matched die set in order
to achi eve the coupon-to-coupon di nensional accuracy that is needed. The
process of automated die cutting, pick-and-placenent, and heat sealing of
coupons is very inportant to the manufacture of these devices. Autonmated
processes hel p reduce surface damage that can occur to the retentative |ayer
of the menb¥edrsscoupons reAut bRl edoprocdssendaalss - hel psTheo Fedveenithe | abor

content of EyHHAGt WisRY #RIE HBViILLSa COMP R § DowiStRgp TapUALe MR act uring
processes. The adverse effects of operator to operataqr vari a bilit é are al so

reduced whEh altvErBCEESHartd St f nd SFocbRIERS usdge %%p edge 89
(Figure 1)veluriche gawplgecbebdep dewi teckhhiuldheberspeeef pcatityn:desmgﬂed to form
a conti nuous ur over nul di n ter

hol der rrus‘%rl bJee ?eq dgg%sso’ne%%oge glfn V%]?J (F?gﬁ?leé %grggs%%ﬁ?% hat one
snoot h andPewrginstantthsegiriongesyithce hsgher rﬁe@trllﬁulgneneer éacihhtate good

seal i ng quahd tdRp-2He BQB&;@é’r@CEk@t%e%ahQﬁs samplasalkdencansdnt g Vil  cap.
Since the overnol ded design requires that a split nold can be used, the

parting |i¥el¥ of PRIREHAIEY t’rﬁﬁt\/e%tké%u‘ii%slt%lspo 3t FETRIP 90 d8GPed< tavidly from t he
pl asti c knptedd neit i sa desagnahel psthin ptreyesdidite ald ggumnrt «f tresi dual

nol di ng st kni a tlpg es IS Lure enabl t he

sanpl es hol[rg\zefnectggnéugﬁlal ng?u ghgrgrggé eégessééa%l grotc%rufsrll uga sp? nnﬁ%g Hi gher
stress capabidiicisesfepndted egher spin speeds to be used, which enable shorter

filtration ti n&&ﬂgﬁm@ﬁta(‘&’t!u%\i%d gsdhesg combimed teaspr es.pr QMtQ«%ra'illLW que
val ue proposgl on. to custoner A_labyrinth seal feature 9 and

(Figure 4)™? hedPFP cdifey 'f:l’é"s?’b]r?erd FHfBa‘feheoédgeeaccﬁ BALRH: pz}r?ele‘i‘%b %)
facilitatepatdlgnment potctel § woepanedrs 1d¢o aad b38glkegur @o3p dur i ttge asserrbl Y,
and b) confrgl ﬂ@{@ul%gvﬁgé\ttgﬁe Yrdesicl, a%ﬁ '&9{6 St g&?@%'& gurgn
over nol di ng nenti oned above, an exenpla yrinth s eat ur |ncludes
a raised g‘é%iﬁﬁw orrtdaehnpae oﬁnﬂheap‘aﬁeﬁ?t canitdrandnelacenR®itgur ™) and an
i dentical jecoassed gsprERidy éan(ﬁs@uneeé) QN hbee ottlner sigle of ithe centerline.
The shape of this featur%ls preferably s tric ab ut the center_ axis of the
panel s, whi'THP %S0l 3 GHEM I ATV 1t o e t w0 PUIES tHAEUW1 1 be
assenbl es bwioncine meiles. Jid s ihebpsceeduqeal ey cosspodttmvi mgdtesmol d t wo
separat e Paelse LAChNG L0CsBIE Assatl cFIe sal of oAl Ui S sl 50 £ cal oS a

tortuous p tween the inner volune of tw as s and The outer
space surrbefldi P tHéIpanel ) e kot §6G8PaiHel§s aéé&WSoFFetW@dge of the

panel s whepo t oo vier rmlsddhseetpaechuevwﬂockaheaagi Eastdid sQvar Bekdcpl agtdic to flow
and seal the two panel s ajget her.. Thi ght ortuo#% at h hel pg preyent the
overnol d pf&stT<¥r rfo’S RYCTHI G % he PPnfAYe I%r‘?eo e FHE°sAnpt &IHTl der .

The shape antb | beatuon ofiat henalpbes bodestokd o th@n@mt@lbay\/\moeldsptem fically
desi gned tgQ.Nelp achieveethen QW 3L hQ,“Sgi dleads 5 0R,YOlHUTRS  pagcept abl e
fluid flow, and acceptable nold dura The core pins use ormthe
drain hol e&*S@iresl déshgHeleRni 9h & elqy@gfl@esa%mt'o@r@ammaellw sWedfr af t

i nproves ta@rmﬁ rsarﬁilrla@gt i'rhancbxemabheng heopé ns 5ps&a§éipy sepadrat ecfd om t he

nol ded pan The reates a tapere ol e su at the nore open
si de of thg % el aF‘é% ecfltaﬁtyhgalﬁﬁe?g pdgu n o’l‘ls?ﬁe ;*bar@ The drain
hol es are sti I IFlsulsst aﬁwtﬂawsy thatulaar qmrmpbesngseptrpoﬂss The holegl nar rows as

fluid mveaamaéte\e@r Qhrehee%eghqbgeﬁerge&@ a&ﬂepytlaz( t1e dew cgy s rhe
tapered hole helps inprove the fluid flow through the drain hol es y maki ng

use of veniRToittsr gctqPalpPLded. flange WeradcoHite alckapgess ééPsthasche s | ani nar
fluid flownédtouglalan afdpiiuee, sierevdigionashl IjaS:keﬁU&ir'lt@n tp{éadp@ﬁélst hat the
Cr oss-sect rea.of _the |UId eam narrows,or n own_ as Newtonl an
fluid pass{erggt 1aan 1gna8rgl |8’e‘ge ﬂf?dﬁﬁ ownbeaé’ocr}r’ggsngggge FF e v9nen t he
surface ofsewqwotl‘ee fprneolvs thetber eaathakdest plestfiaui thyd oferldegs 1 ow

separ at i on; QESHHS, 2 beaeétaaa&ccu%@@c@ﬁppéverseqersq%ahhggté' MoghS | ows.
Reduci ng recircul ati r‘}%iefl uid flows can hel p reduce the formation of entrained
I

gas bubbl e¥t15F% H&ifiugeg EPFeQﬁylﬁﬁl?Hfﬁﬁm?qeééﬂrFB f oARFRYS: Folfivi SREDF t he
filtrate in the receiving vial is undesirable because it can cause fluid to
wi ck back into the sanple hol der when the centrifuge stops. The
retentate chanber 14 (Figure 4) definesta dead-stop volunme where retentate
sanple is collected and can be recovered. Preferably the retentate chanber

i ncludes a three dinensional discontinuity that protruded out of the interior
wal I, such as a mound- shaped protrusion 25 (e g., Figure 4 & 6) to hel p

P
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angl e, which typically nmay be between 35 and 45 degrees. Again through trial
and error, a height and shape of the protrusion was determ ned which achi eves
the | east variation in dead-stop vol une. One suitable height of the
tear-drop shape 25 is 0.020 inches. Tabl e 2 sunmari zes the results of
tests which conpared the performance of a centrifugal device in accordance
with certafievigmobpaedtesnof shewn pesenithispaadt imressivrRsa wmarent | Yl

M1lipore Me&iocesodeyice. (F-:[é@rg' ffear,enfe MEMabane GRS i gyratd ogs VY€
considered for this test: nmbrane, and 50kDa nenbrane. The results

showed t haPeETEafvedoft SfdFFELEe f PPERR Pt he SASEEF2RUENTRASPER Y haATS he

M crocon(rhadevefes, palsynexpethed hbecausegiodr triel t nehpasaduay athabl tharenbr ane
area. The S. Shove hat .t he M croc i.ces continued ofllter wat er
until the ry‘lgqes%&conglu%feoﬁfv\ég re Veﬁmgﬂ\%& "gaecr?rlai r%emal n%gupsaf ream of the
filter. Theaypresasiludevi cesolymitvirened t cadivlties, wat srynemsi | bheadiessiggned dead

stop vol urreowpynre%cheqyrznesscg?i@nmr&tr@tyﬂom@ﬁ £be Ripsentedeyi ce can be
used to filter ‘and concentrate sar‘rgees to a specific dead stop vol une w t hout

having to WOty Hbvllt 5% ety X6 P’yﬁ@%%me%l cTWecq&n ME5RPEBRT SR RAFI e
recovery. the ovet meHirg rprerdeed @nte, rdie I’r@b&@t&ts&cthth&'CO’dl&éﬁﬂalUSl ng a
reverse- Sthaﬁp%%éP& Y‘Q%e'tﬁ t he d%Y Eg E? LFI gur 809_1, i OtpI d |n a device
hol der 75 such as a vial “or other swtag ousing in an |nver]t manner and
i's subj ect therrealdr d¥pRgrtmce oSuchhas reenpid¢digaeirtn, Jeomsitny .t heh¥adt ent ate

f1uid from:&hﬁrdnﬁts%%t ahe gbarers doand) i fban t Recdeyhgerliplde), . 75. As best
seen in Figure 9, the device holder 75 is ere&fggge réocyl indrical in
0

cross-section, W% hCSSHHNEE dWdeeendddn ¢ d2e¥ tHE ARt & devi ce 10
in both a ﬁﬂtd@’a(t—esiplmd’a)dﬁla(r@egwie 8) Rnabpakeeverse- spbishDEei(dn gure 9).
Preferably EQe 8 Lhier dgvicg 10 @55? anggIay V\H!}t:é the %ev ce QQI der 75. The
devi ce hoI can include a shoul de IS pre era Iy annu ar, and
serves to P@Wﬁlafl@@ﬁllloer Thﬁela@f%ﬁmﬁt‘fétacbéﬁﬁm o teemehsl deseviesdmas to

provide a gte&nblAatmow B¢ therext eﬂ;sﬁo@l Wi @hetJaeeéxﬁégtlersttaievmgeefﬁawsertabl e
into the haol ei.ther_the spin node or reverse spin node). Thus, in

the spin nﬁa‘g ’Pﬁdﬁ Fé SNLEROTo P IRFg @781 0f 1HISS tdr 2B8VEER I r emmi ns
out si de of 11he Mbtderckbt awrdinn tdhe tlevetsge spi rthléDdEEampfleFI}gLMCEI tdee bottom
portion of g_lg %evl)ce wH LemRi, Dgsout sl dejof . t.he tﬁgl %glg ‘Pg When t he
filter deV| IS so 03|t|oneﬁ in the device , suf icient volunme
77 bel ow tﬁea¥|¢5tFer80dé\’i‘léér§07 sho®) dis eyvgdnteocterithe sevfirei eneh lagui d

product obtained HIMFuGal eUBEERISP] NTIPEIAdrONiameter dRELAESHHMK@Nd shape
of the sho éder withinthe vial is ver% tcgﬁortant tg the formfit and function
n

of the dev FIHBIRi Jhest IR o ¢ FUYATUS obtfi g catt B hcHi%ved when
a continuousrei rgiumf érdent i(alignreag B degiigh | Belsed.enlbher aadcspoatianuous
shoul der dgehaHlohaiS elbnd el d SYRLS ) %%a&rlsflug?%lquqae@ g @rg,possible.
This | ower capacity reduces the abi erformfiltering op eratlons at

hi gher speéBlt PattdngeAirpf uge. used On 159?6 GéW’éeSLWoﬁad?@r %r Fe@‘e?*?/e]r) vi al

pref erabl yai &6d uthes @e@ﬂgy&o 1oMyichidgan1 ngw,t egil Lys nBeint @sled 0atdiey hol der 10
as shown. Ihe ca shoul d betdl mensi oneg oth ¢ g{tktle devi ce hoJ[ der 75 when
the filter “d8vi 879D i §*ABT Pbsi thon&dFA t 8 hdl"GEF tand PRS T¢Bp 1HE il ter
device 10 mhe«ﬂllqnmesltpdm Prohedg i hllbélemtmld@nmentts hessplhy nodeumlaswisdrown i n
Figure 8. Jg)4bat enthediRGegan $0, ﬁc'eﬁﬁ!ﬁ ﬁaf\} ffﬁrkir%[ Gyl gl i cal
portion 81 that has an outer diane er ) er t e’ i nner diameter
of both t h&PHEYIRAF tHHBd&L e oP" afite t Hem IdtléF‘e m:% thep ovanBoad seetivd | ar ger
cyl i ndri caknperd Itﬂﬁt821nﬁbair$1]615e agaw&;emwébaneﬁ@rcéparager thaaaebhee aig er

di aneter of Ehe flrst mallg I|n g ortion 8 dln%rreterthof t he

| ar ger cyllndrlcacl portion |gure ? rg?eraeb ?lﬁ Sival | enough to
fit insideacherthddiecef drm, deflt75a(1<li| gunetﬂc)n bﬁt ths Iféluge egouglatsotias not to
fit insidesthgrd idigerdeNiceidO {ff gure 8). Preferably there is a recessed

vol ume of revolution 90 (Figure 1) forned into the inner dianeter of the

sanpl e holder 10. This recess forns a pocket, which facilitates the
insertion, retention of, and snapfit of the vial cap 80. Centrifugation
times are not particularly limted, and generally span between about 1 mnute
and 10 mnutes. The filtration device anad the device holder 75 can be provided
to the end-user in a packaged kit form together with instructions for
assenbly and use. Incertainenbodi ments, sanpl erecoverycan be acconpli shed by
inserting a pi pettor and t|p |nto t he hou3| ng, and nore specifically, into the
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A suitable process for manufacturing devices in accordance with certain

enbodi nents is as follows: 1) Ml d panels in advance. 2) D e-cut nenbrane
coupons from nenbrane roll stock. 3) Position coupons onto panels and in place
on the panels using heat, pressure, and time. 4) Visually inspect the

resul ting subassenbly to ensure proper alignnment of coupons on the panels,
overal | quality'hsf Jelk&etoiupohudas arhmysrnodded tiatsilisdnddasf mdirtadrd f orei gn

debris. 5)¢Rag@mbhesRanaleysubassemli esod Nheot her ALBB (ﬁnqwee ddqand B
(Figure 10) cawtlgs of the aver nold, 6) C ose both the A and B sides of the

over ol d $6*HY S o br FRg Wie PSS ‘?qﬁeo tbht aCi® aRGt583I A8 194byr ISt h edge

of the panghsket’/)irddiselets tsherceneaped whd® fhengver 8®l drcquid y3) ntisauch a

manner th ec}?a)nlb%l(ilﬁa@% Ba2Le PHehedlnta dhecbottomel Lhe yer, pl d and

fixed in place e attac rane coupons are not danmaged, and c) the
di mensi on Bequfiewent ¢) of atlia\eh1’<>|lrﬁllSshlpdé?\hecesaenpéerrthqirtd&lrneld1 18)6 Injakt the over

mol d pl asttgid nf@ade r@dhq%\glcteg h%hoe @eahg pﬂﬁfngm&gepmmwst hay aw for
ect t

device fromnold cavities in ﬁ device fromthe core pin.
11) Veri f yCthe iTig8gPyt yi6F It ‘éth%%'?l}fn Oeﬁ a&ifrresr?rreﬁr%éeg@nﬁé?%dab
gas- pr essutlkee diodyel natoutidftshoulder of a receiver vial.

Figures 23 and 24 show the relative proportions of the
integrated wide flange feature 88 compared to the overall
geometry of the sample holder. The side view shows that the
width of the wide flange feature 88 (Figure 24) (e.g., 0.250
inch) is wider than the width of the overmold seal 115 (e.g.,
0.144 inch), which fuses the two panels together into one
device. The width of the wide flange 88 needs to be at least
65% of the outer diameter of the sample holder 116 (Figure 24)
to ensure that stresses are adequately distributed and
transferred to the support rim of the wvial 85 (Figure 7). The
width of the wide flange 88 should not be more than least 80%
of the outer diameter of the sample holder because there must
be enough space 117 (Figure 25) for filtrate to drain out of
the drain holes 18.

The transition 118 of the wide flange feature 88 (Figure
25) begins at a location on the overmold seal 119 which is
approximately equal to one half the diameter of the device.
The transition curves from the overmold seal are intentionally
gradual so as to minimize stress concentrations. The outer
diameter of the wide flange feature 88 is the same as the
outer diameter at the top rim of the sample holder. This
feature enables the sample holder to be inverted and spun in
the same receiver vial as shown in Figure 9.

The wide flange 88 provides enough material support to
keep the device in place during centrifugal spin operations
that may be equal to and greater than 10,000Gs. Experiments

have shown that the flared feature enabled devices to be spun



12) Transportdevi cestoani nstrumentand successfully pad print graduation marks
onto the side of the device. 13) Package the device into a suitably designed

fl exi bl e pouch and carton. A suitable process to concentrate sanples using the
device includes the following: 1) Renove the sanple hol der device and receiver

vial fromtheir Eapkages. 2) Insert the sanple holder device into a receiver
vial. 3) PrpefeRtihSdmptrisoladdvnapnhdabhassaifpl0®0rsl der one hour

r _ese{ ;/oi {_(ﬁiﬁ}?hﬁ 5<E|émaf§ti§r§.i nm_s@rvaut:as) %E?@”Fﬁw“g@i REst h@trr:amucqneﬁmé h t hle
prpette t1R. u ap that IS attac (0] recelver vial over e_sanpl e
hol der devg%‘él,cea?ndﬁﬁéﬁf’?ﬁl?’ nEo pract Y 421 6PaRS LB GBDdPLEE™ ikt ween t he

cap and thehsanpled viesl déal. 4faPlace drdysanpbe dwliters deviwee andgt reservoir
into a compalihy %eec%}oelrt'nrfyu%%“%%%%&eft@ t)%e%g%tee%%%“%ef t&%hr&itaqr a‘r’! tha

simlar device. the device in the centrifuge using the supplier's
"Cent ri f ugl r@tiadel dheRos Figrley hercoraleet Hpithibihesthpadcsperes $o¥eithe

appl i cati oBet¥erAfdrRY LOMRIeetandd thidi SupBbRAI BOm PEOCEBSLhE EYDYEs tHELSANDI e

hol der and_res rv%:.r fr.ointhe centri nge. . Separate the vial fromthe sanple
hol der devF® ByPS5ift ¥AG T S Wi SEh@foliP€o¥ide reservoir without spilling the
contents of thea&heampllé halhdeknessresethv®isveriplBedceal heasaupd etdwl @er

reservoir ppsi ge, fdowngd n g, NeN recelyeds Viglpui Lhprt. allqy ng gny, of, the

retentate volune 14 to faﬁ out or {])e(?ost. képll’] tﬁle
order to prevent splitting fractures due to stresses that are
generated by the wvial cap 80 during centrifugal-spin
processes. A suitable thickness is 0.044 inches. When a vial
cap 80 is pressed onto the sample holder to establish a liquid
seal, hoop stresses are generated. When devices are spun in a
centrifuge at speeds that generate 16,000Gs or more, the mass
of the cap combined with the snap-fit feature create tensile-
hoop stresses in the sample holder. If these stresses are high
enough, the side wall of the sample holder fractures along the
knit line. The knit line refers to the joint where the two or
more melt flows of plastic meet and are fused together during
the overmold process.

The overmolded jacket 111 (Figure 3) may be made using
different colorant additives which enable different device
configurations to be differentiated by means of color.

In order to ensure that devices do not fracture, the wall
of the sample holder must be thick enough to prevent the: a)
elastic deformation that would enable caps to open - which is
undesirable, and b) plastic deformation and rupture that would
allow leakage of the sample fluid - which is also undesirable.
For the low-protein-binding material of choice - styrene
butadiene copolymer - a wall thickness of at least 0.035 inch
was found to be suitable.

When the wall thickness 89 (Figure 1) is increased, the
internal volume (Figure 1) of the sample holder is reduced to

undesirable levels. Sample volumes of less than 0.45ul are
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sanpl e hol der and vial assenbly for three mnutes at 1000xGs (or pul se
briefly) to transfer the concentrate to the vial. 8) Renove the sanpl e hol der
and vial fromthe centrifuge. Separate the sanple hol der device fromthe vial.
Snap the cap on to the receiver vial, and store the product in a responsible
manner for |ater use. Fi gure 15 and Table 1 show the results of water
f1 ow perf ofpratR%CiRddy| npdgsingbihie HEBERGreat domMédef thaer ihgdg pr osxasle These

resul ts deppnsid atg that ot bl deMd cesnsigsrsst uhl b | it 81 ethitdheanat efr sanpl e as
i nt ended, and concentrated the sanple to a specific dead-stop volune. The

devi ces doShotteaic \‘R/of‘ﬁ%r%%ﬁ]p V@195 filter to dryness. Instead of filtering to
dryness, the sampl goms ceaeem:‘arsabed ﬂn@tr@akheg dead- dteipevakupe atf tdre bott om of

the sanpl e, ol dgr. deyi e ap e hkeptale Ganbe.tebvEd UG @ pette or a

reverse spin operation. so s [ ré open ne
structur esmoéﬁjchf§SCth‘eelBO0IﬁueIGV|té@s krhleﬁlelan¢astt@lgefch9w rédce eblayetkevi ces

havi ng | esgropen G’Péﬁ@& St chQTeurr@us%JC'BeaStéié‘éH C%% C&E\é@s}éﬂ RgaEEMYANE havi ng
3kpa MACO. The ability to concentrate sang e solutions to a known

concent r at POH VA Gre h(?ratdéléﬁ st’9FSvBPENEARPE hbbE PARETT sk of "Ur§3 My % he sanpl e
delivers inpandlantandabbelipsdaisendichsiaguiddssirderece, custoners are able to

concent rat e theil. SHIPLERSLD Ber RUSKIANNGL Nicgh,do8R N0t o egyl g d hem to

cont i nuousl y noni tor the concentrati on process entia can turn on
the centri bkl forowwhs geci fUrR®rFertihed ook rmphe, PyRd kuravaat Hred narsw afi t h

confi dencechbapatdied ranzanRl esheWdehtbe sﬁn@ﬁ@tﬁaﬁt&@, A% xpesh hefes Wiempt her
devi ces are used which do not have a dead stop feature, users take the risk of

dryi ng out StHeTHt SIS YwhEh s(?éﬁ%%ﬁ*b‘ﬁﬁﬂ?élet HEtEEeRhI AE¥R WY t Hftsanpl e and
t he subseqaemilianaliy&esss oMWD Teawr AvQSRet iSth Deas HheRB@@d BE3prevent

unacceptable deformation and collapse. This thickness and a
suitable wall strength was needed even though the panels were
supported by a steel-core pin 102 (Figure 26) during the
process of overmolding panels into the completed device. The
surface of the pin that is closest to the membrane surface 103
was relieved to ensure that the membrane never comes into
contact with the core pin 102 (figure 26). The retentive layer
of the membranes can be damaged when the membrane comes into
contact with core pins and can be scratched as the parts are
ejected from the overmold.

To prevent membranes from being pulled away from panels
and scratched by the surface of the core pin 102, the pin was
fabricated with vent holes 104 that enable air from the mold
cavity to be evacuated through the center of the core pin.
This unique core pin design enables the overmolding of devices
in a manner that does not over pressurize and blow the
attached membrane off of the panels.

Special attention must be given to the design of cooling
ports in the overmolded cavity. During some experiments it was
observed that when the temperature of the overmold material,
as measured by the temperature of the base mold at 90°F, was

increased by only 35 degrees F to 125°F, the additional heat
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that flowed into the panels caused them to begin melting and
collapsing onto the core pin. In the most extreme cases the
pre-molded panels deformed enough to completely close off the
drain holes. In some cases the heat effects were sufficient to
allow panels to slightly move away from the overmolded cavity
and allow plastic leak and to flow over the exterior wall of
the panel. In some cases the leakage was small enough that the
devices were still of good gquality. In the worst cases the
plastic flowed all the way up to the drain holes and partially
filled them. This was considered to be undesirable because the
flow through the drain holes was restricted.

The adverse affects of heat on the pre-molded panel can
be overcome by improving thermal cooling of the mold cavity
and core pin, and by using a valve gate at the plastic
injection port 92 (Figures 1 & 23) instead of using narrow-
edge gates. Narrow edge gates create high levels of shear flow
in the plastic, which generate more heat. These shear flows
can be reduced by using a valve gate, which has a larger
cross-sectional flow area. This increased area reduces shear
heating affects and enables the overmolded cavity to be more
easily filled.

Valve gates are using in injection molds to direct the
flow of melted plastic polymer from the hot runner into the
mold cavity. To achieve the best molding results, this flow of
polymer should be directed towards a solid surface in the mold
cavity such as a core pin 95 (Figure 10) and 105 (Figure 26).
This flow needs to be broken up into turbulent swirls to
prevent material flow marks and jetting, which could roughen
the surface of finished parts.

The adverse affects of overmolding heat can also be
overcome by placing cooling lines closer to the part’s surface
and by including thermal cooling lines in the core pin. This
can usually be accomplished by using typical cooling fluids
such as water or propylene glycol solutions.

The adverse affects of heat can also be overcome by using

mold inserts that that have higher wvalues of thermal
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conductivity. Materials that have a higher thermal
conductivity will enable heat to be drawn away from parts more
effectively than when materials having a 1lower thermal
conductivity are used. These 1inserts are usually fastened
into the mold cavity, and help'transfer heat away from a pre-
mold more effectively that when one type of steel is used.
Typically inserts can be made using metals, such as beryllium,
copper and aluminum.

Figure 10 shows how leakage that may occur in the nose of
the panel can be overcome by adding a protrusion 93 on the
outer surface of the panel, which acts as a seal. This seal
feature can be integrally molded into the panel’s outer
surface and functions like a mechanical O- Ring seal. When the
overmolded cavity is closed over the panels, the cavity wall
makes intimate contact with the integrally-molded-seal
feature. This seal helps prevent leakage of plastic into the
drain holes 18 of the sample holder.

Preferably the core pin 102 (Figure 26) is made of a
harden steel material. Although using a core pin made of P20
steel, hardened to a Rockwell hardness of 32-34 Rc, may be
adequate to successfully make a small number of devices, the
core pin may ultimately deform, which compromises the housing-
burst strength of devices as measured by housing-burst
pressure. Accordingly, preferably the core-pin material is an
H13 steel hardened to a Rockwell hardness of 53-54 Rc, which
is more durable. Thus, the material hardness and geometry of
the core-pin design need to be carefully controlled to
successfully make devices on a commercial scale.

It is also very important to control the following
factors during the overmolding process so as to ensure that a
good device is made:

A. The design and shape of the core pin must hold the

panels securely in such a way that the core pins surface

103 (Figure 26) does not come into contact with and

damage the membrane’s retentive surface.
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B. The design, shape, and selection of materials for the
core pin must ensure that adequate cooling is achieved
during continuous molding operations. An inadequate
cooling will result in thermal deformation of panels.

C. The design, shape and selection of materials for the
core pin must also ensure that undesirable deflections do
not occur doing continuous molding operations. Stiffness
was successfully achieved by including into the core
pin's design support grips 106, which stiffened the
overall design and reduced lateral deflections. The end
105 of the core pin 102 must be strong enough and stiff
enough to push the nose of the panels into the overmolded
and properly seat the panels into the mold cavity 96 so
as to prevent the panels from being pushed away from the
injection-valve gate 97 during overmolding.

D. The <clearance 98 (Figure 10) between the support
alignment dowels in the premolded panels and the recess
99 in the overmolded panel must be minimized. This is
needed to prevent the panels from moving away from the
injection-valve gate during over mold operations.

E. The <clearance gap 100 (Figure 10) Dbetween the
premolded panels and over mold cavity must be carefully
controlled and kept to a minimum in order to prevent
undesirable leakage of the overmolded material along the
exterior wall of panels.

F. The dimensions of the seal interface between the
panels and the overmold cavity must be very carefully
controlled to ensure good shut-off qualities, which will
prevent plastic leakage into the drain holes 18 (Figure
3) and into the membrane area 12A and 12B (Figure 1).

G. Adjusting the process parameters used for overmolding
may provide incremental improvements toward preventing
undesirable leakage of polymer material across the seal
interface between panels and the overmold cavity. These
process parameters consist of: a) resin stop temperature

during molding, b) temperature of the mold base, and c)
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use of back pressure during molding. However, making
adjustments to these process parameters is not a
substitute for properly dimensioning the seal interface
between panels and the overmold cavity.

H. The size and shape of the core pin must ensure that
there is sufficient clearance between the surfaces 103
(Figure 26) of the core pin 102 and the membranes 12A and
12B (Figure 1) that are attached to the panels, so as to
ensure that the two do not come into contact during the
overmolding process. Any contact may result in serious
damage to the retentive layer of the membrane, which may
compromise the overall performance of the device.

I. The size and shape of the core pin must also ensure
that there 1s a recess pocket 107 (Figure 26) with
sufficient clearance at the tip 105 of the core pin 102
to support the dome feature 25 (Figure 1 & 6) that is
integrally molded into the tip of each panel.

To make good pre-molded panels, an injection mold valve
gate needs to be positioned at the nose 92 (Figure 23) of the
panels near the drain holes to ensure the best structural
integrity of the overall device. Placing the wvalve at the nose
of panels enables plastic material flow into the mold and
preferentially positions the material knit lines in the
underdrain structure, and not across the area where the
membrane is attached. Allowing the knit lines to occur at the
membrane attachment site compromises the devices retention
performance. Heating processes used to attach the membrane
material can cause the knit lines to open in an undesirable
way, which allows fluids to leak around the seal.

The membrane coupons are die-cut using an automated,
matched die set 1in order to achieve the coupon-to-coupon
dimensional accuracy that is needed. The process of automated
die cutting, pick-and-placement, and heat sealing of coupons
is very important to the manufacture of these devices.

Automated processes help reduce surface damage that can occur
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to the retentative layer of the membrane coupons. Automated
processing also helps to reduce the labor content of
manufacturing these devices compared to using manual
manufacturing processes. The adverse effects of operator to
cperator variability are also reduced when automated
manufacturing processes are used.

The top edge 89 (Figure 1) of the sample holder device
should be specifically designed to form a continuous rim
during overmolding. The inner diameter 90 of the sample holder
must be formed on one core pin 102 (Figure 26), which ensures
that one smooth and consistent sealing surface is formed. This
ensures that a good sealing qualities are achieved between the
sample holder and the wvial cap. Since the overmolded design
requires that a split mold can be used, the parting line for
the mold halves should be positioned 90 degrees away from the
plastic knit lines. This design helps to prevent the alignment
of residual molding stresses, knitlines, and parting lines.
This feature enables the samples holder to sustain higher
stresses during centrifugal spinning. Higher stress
capabilities enable higher spin speeds to be used, which
enable shorter filtration times to be achieved. These combined
features provide a unique value proposition to customers.

A labyrinth seal feature 19 and 20 (Figure 4) is
specifically designed into the edge of each panel to: a)
facilitate alignment of the two panels 15A and 15B (Figure 3)
during assembly, and b) control and prevent the undesirable
ingression of plastic during overmolding. As mentioned above,
an exemplary labyrinth seal feature includes a raised geometry
on one side of the panel’s center line 20 (Figure 4) and an
identical recessed geometry 19 (Figure 4) on the other side of
the centerline. The shape of this feature 1is preferably
symmetric about the center axis of the panels, which enables
one mold cavity to make the two panels that will be assembles
into one device. This helps reduce the cost of having to mold
two separate panels to achieve the same assembly. The seal

feature also creates a tortuous path between the inner volume
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of two assembled panels and the outer space surrounding the
panels. The tortuous path helps seal off the edge of the
panels when the overmold is closed, which enable the overmold
plastic to flow and seal the two panels together. This
tortuous path helps prevent the overmold plastic from flowing
into the inner volume of the sample holderx.

The shape and location of the drain holes 18 on the
panels were specifically designed to help achieve the low
variations in dead-stop volumes, acceptable fluid flow, and
acceptable mold durability. The core pins used to form the
drain holes were designed with a 5 degree draft on each side.
This draft improves the pin’s strength and enable the pins to
easily separate from the molded panels. The draft also creates
a tapered hole, such that the more open side of the hole was
placed on the inner portion of the panels. The drain holes are
still substantially circular in cross-section. The hole
narrows as fluid moves ocut toward the discharge surface and
out of the device. The tapered hole helps improve the fluid
flow through the drain holes by making use of vena contracta
affects.

Vena contracta effects describe 1laminar fluid flow
through an orifice, where Bernoulli’s equation predicts that
the cross-sectional area of the fluid stream narrows or necks
down as a Newtonian fluid passes through an orifice. Fluid
flow becomes more efficient when the surface of the hole
follows the streamline of the fluid flow. Less flow separation
occurs, which reduces occurrences of recirculating-fluid
flows. Reducing recirculating fluid flows can help reduce the
formation of entrained gas bubbles in the fluid stream, which
can lead to foaming. Foaming of the filtrate in the receiving
vial is undesirable because it can cause fluid to wick back
into the sample holder when the centrifuge stops.

The retentate chamber 14 (Figure 4) defines a dead-stop
volume where retentate sample 1is collected and can be
recovered. Preferably the retentate chamber includes a three

dimensional discontinuity that protruded out of the interior
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wall, such as a mound-shaped protrusion 25 (e.g., Figure 4 &
6), to help localize the dead-stop volume at the centerline of
the device, and reduce variability of the dead-stop volume as
the angle of orientation in the centrifuge changes. More
specifically, the funnel-shaped configuration at the bottom of
the sample holder and the discontinuity assist in 1localizing
the retentate fluid into a smaller space at the bottom of the
dead-stop volume. Localizing this fluid into a smaller space
facilitates the more complete removal of fluid from the device
when a pipette is used. If this geometry were not used in the
device, a user would have to move a pipettor back and forth
across the bottom of the dead-stop volume using one or more
passes. In addition, the funnel-shaped configuration and the
discontinuity also reduce the variation in the dead-stop
volume that occurs when the sample holder is oriented at
different angles in the centrifuge.

The height and shape of the discontinuity 25, such as a
mound-shaped protrusion, was determined as follows. The
sample holder was placed in a receiver tube, and oriented
differently in two degrees of freedom. In the first of these
degrees of freedom, the center-line axis of the device was
aligned with the orientation of a fixed-angle rotor used in
centrifugation. Typically the fixed angles are between 35 and
45 degrees from the vertical position. Through trial and
error, an optimum height and shape of the discontinuity was
determined which achieved the least variation in dead-stop
volume.

In the second degree of freedom, the sample holder was
placed in a receiver tube and placed in a fixed-angle rotor.
Under these conditions the sample holder could still be
rotated on its center-line axis at an infinite number of
angles between 1° and 360°. Therefore, two o0f the most
extreme orientations were chosen; a) a front orientation where
the two membrane planes are positioned as vertically as
possible, and b) a side orientation where the two membrane

planes are positioned as closely as possible to the rotor
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angle, which typically may be between 35 and 45 degrees.
Again through trial and error, a height and shape of the
protrusion was determined which achieves the least variation
in dead-stop volume.

One suitable height of the tear-drop shape 25 is 0.020
inches.

Table 2 summarizes the results of tests which compared
the performance of a centrifugal device in accordance with
certain embodiments of the present invention with a

® device. Two different

conventional Millipore Microcon
membrane configurations were considered for this test: 30kDa
membrane, and 50kDa membrane. The results showed that the
present devices filtered the water much faster than the
Microcon® devices, as expected Dbecause of the increased
available membrane area. The plots showed that the Microcon®
devices continued to filter water until the dryness condition
was reached where no water remains upstream of the filter. The
present devices continued to filter water until the designed
dead stop volume was reached. These data demonstrate that the
present device can be used to filter and concentrate samples
to a specific dead stop volume without having to worry about
filtering to dryness, which can compromise sample recovery.

In certain embodiments, the retentate is recovered using
a reverse-spin operation, wherein the device 10 (Figure 9) is
placed in a device holder 75 such as a vial or other suitable
housing in an inverted manner, and is subject to a driving
force such as centrifugation, forcing the retentate fluid from
the retentate chamber 14 and into the device holdexr 75. As
best seen in Figure 9, the device holder 75 is preferably
cylindrical in cross-section, with a diameter wide enough to
accommodate the filter device 10 in both a forward-spin mode
(Figure 8) and a reverse-spin mode (Figure 9). Preferably the
filter device 10 fits snuggly within the device holder 75.
The device holder 10 can include a shoulder 85, which 1is
preferably annular, and serves to form a smaller inner

diameter portion of the holder 75 so as to provide a stop,
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limiting the extent to which the filter device is insertable
into the holder 10 (in either the spin mode or reverse spin
mode). Thus, in the spin mode of Figure 8, the top flange 76
cf the filter device 10 remains outside of the holder 75, and
in the reverse spin mode of Figure, the bottom portion of the
device 10 remains outside of the holder 75 as shown. When fhe
filter device 10 1is so positioned in the device holder 75,
sufficient volume 77 below the filter device 10 should remain
to receive sufficient liquid product obtained during a reverse
spin operation.

The design and shape of the shoulder within the vial is
very important to the form fit and function of the device.
The highest levels of centrifugal locading can be achieved when
a continuous circumferential ring 85 design is used. When a
discontinuous shoulder design 1is used, lower levels of
centrifugal loading are possible. This lower capacity reduces
the ability to perform filtering operations at higher speeds
in the centrifuge.

The device holder or receiver vial preferably includes a
cap 80, which can be integrally mounted to the holder 10 as
shown. The cap should be dimensioned to both cap the device
holder 75 when the filter device 10 is not positioned in the
holder, and to cap the filter device 10 when it is positioned
in the holder in the spin mode as shown in Figure 8. To that
end, the cap 80 can include a first smaller cylindrical
portion 81 that has an outer diameter slightly smaller than
the inner diameter of both the device holder top and the
filter device top, and a second larger cylindrical portion 82
that has an outer diameter larger than the outer diameter of
the first smaller cylindrical portion 81. The diameter of the
larger cylindrical portion 82 (Figure 9) is preferably still
small enough to fit inside the device holder 75 (Figure 7),
but is large enough so as not to fit inside the filter device
10 (Figure 8). Preferably there is a recessed volume of
revolution 90 (Figure 1) formed into the inner diameter of the

sample holder 10. This recess forms a pocket, which
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facilitates the insertion, retention of, and snapfit of the
vial cap 80.

Centrifugation times are not particularly limited, and
generally span between about 1 minute and 10 minutes. The
filtration device and the device holder 75 can be provided to
the end-user in a packaged kit form, together with
instructions for assembly and use.

In certain embodiments, sample recovery can be
accomplished by inserting a pipettor and tip into the housing,
and more specifically, into the retentate chamber 14, and
removing the filtrate therefrom.

A suitable process for manufacturing devices in
accordance with certain embodiments is as follows:

1) Mold panels in advance.

2) Die~-cut membrane coupons from membrane roll stock.

3) Position coupons onto panels and in place on the
panels using heat, pressure, and time.

4) Visually inspect the resulting subassembly to ensure
proper alignment of coupons on the panels, overall
quality of the coupon attachment, and the absence of
dirt and foreign debris.

5) Place the panel-subassemblies into the A 96 (Figure
10) and B (Figure 10) cavities of the over mold.

6) Close both the A and B sides of the over mold so as
to bring the panels into contact and seal the
labyrinth edge of the panels.

7) Insert the core pin into the overmold cavity in such
a manner that: a) the panels are pushed into the
bottom of the over mold and fixed in place, b) the
attached membrane coupons are not damaged, and c)
the dimension requirements of the finish device are
maintained.

8) Inject the over mold plastic into the mold cavity.

9) Open the over mold and withdraw for device from mold
cavities in A and B.

10) Eject the device from the core pin.
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4) Place the sample holder device and reservoir into a
compatible centrifuge and be careful to
counterbalance the rotor with a similar device.

5) Spin the device in the centrifuge wusing the
supplier’s "“Centrifugal Guidelines” for the correct
spin times and speeds for the application.

6) After completing this spinning process, remove the
sample holder and reservoir from the centrifuge.
Separate the vial from the sample holder device by
lifting it wup and out of the reservoir without
spilling the contents of the sample holder or
reservoir.

7) Place the sample holder reservoir upside down in a
new receiver vial without allowing any of the

retentate volume 14 to fall out or be lost. Spin the
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sample holder and vial assembly for three minutes at
1000xGs (or pulse briefly) to transfer the
concentrate to the vial.

8) Remove the sample holder and wvial from the
centrifuge. Separate the sample holder device from
the vial. Snap the cap on to the receiver vial, and
store the product in a responsible manner for later

use.

Figure 15 and Table 1 show the results of water flow
performance testing using the aforementioned filtering
process. These results demonstrate that the devices
successfully filtered the water sample as intended, and
concentrated the sample to a specific dead-stop volume. The
devices do not allow the sample to filter to dryness. Instead
cof filtering to dryness, the sample is concentrated into the
dead-stop volume at the bottom of the sample holder device and
the retentate can be removed using a pipette or a reverse spin
operation. The data also show that the more open membrane
structures, such as the 100K devices, have a faster flow rate
than devices having 1less open membrane structure such as
devices containing membrane having 3kDa MWCO.

The ability to concentrate sample solutions to a known
concentration volume or dead stop volume without the risk of
drying the sample delivers important value to users. Using
this device, customers are able to concentrate their samples
in a robust manner which does not require them to continuously
monitor the concentration process. Essentially, they can turn
on the centrifuge for a specified period of time, walk away,
and know with confidence that their samples will be
concentrated as desired. When other devices are used which do
not have a dead stop feature, users take the risk of drying
out their samples which can compromise the usefulness of the

sample and the subsequent analyses.
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0: 097 0.092 0.092 0.056 0055 0.056 0.061 0.052 % Protein Passage 0.163 0.223
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MCWO Time Avg Ret | StDev
3,000 1 373 7.5
2 281 19.6
4 173 5.1
8 96 7.7
12 71 6.0
20 42 2.6
30 26 1.3
10,000 1 236 5.3
2 136 5.0
4 76 8.6
8 38 2.6
12 22 0.8
20 14 2.6
30 8 1.0
100,000 1 46 1.8
2 31 2.5
4 27 9.5
8 21 4.3
12 16 0.5
20 17 2.9
30 14 4.1
30,000 1 128 6.7
2 66 1.2
4 40 1.2
8 24 1.0
12 18 1.3
20 16 0.8
30 14 1.3
50,000 1 83 2.4
2 43 4.5
4 29 1.9
8 19 1.0
12 17 0.5
20 15 0.5
30 14 1.0

Table 1. Data that supports Figure 15, which demonstrated
water flow performance of Amicon Ultra 0.5ml device made at
PTI, using membranes having five different
(3kDa, 10kDa, 30kDa, 50kDa & 100kDa) values of molecular weight
cutoffs (MWCO) .

These results demonstrate that the vast majority of the
devices that were made delivered the 1levels of performance
that were targeted. In most cases the recovery of protein was
greater than 90%. In the cases where protein recoveries were
less than 90%, an analysis of the devices indicated that the
retentive layer of membrane had been damaged. In some cases

the damage occurred due to contact between the membrane and
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the core pin. In some cases the membrane coupons were
improperly aligned on the panels to the attachment process,
which- allowed protein leakage to occur. In other cases the
damage may have occurred due to manual handling at the site
where the membrane was attached or at the site where
overmolding was done.

Figure 16 clearly shows that the device filters water much

faster than the Microcon®

type device. The data also show that
the device spends filters sample fluids to a known dead stop
volume which helps to prevent dry out conditions, whereas the
Microcon device allows sample volumes to be filtered to
dryness, which in most cases is undesirable.

Figures 17 through 22 present the results of tests that
were done on devices that were made using pilot molds for the
panels that consisted of one 4-cavity mold, which was used to
simulate as closely as possible a production molding‘ tool.
Similarly the pilot overmold tool consisted of one 2-cavity
mold, which was used to simulate as closely as possible the
production tooling with the exception of the panel handling
system. For pilot operations the panels were manually loaded
into the overmold tool by hand, whereas in production
operations panels would be loaded in to the production molds
using robotics.

These figures present the results of performance testing
on samples of the devices that were made using pilot molds.
Tests were done on devices that represent the five membranes-
device configurations that are of interest. The testing
consisted of: a) air leak tests, b) percentage of protein
passage, c) percentage of proteins recovered, d) dead-stop
volume after 10 minutes of spinning at 14,000Gs, e) total

volume of sample recovered, and f) housing burst pressure.
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Table 2
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The membranes of interest were attached to the pilot
panels and were later over molded into devices. These devices
were then tested for seal integrity using a pressure-leak
tester. Air pressure of 30 psi was applied to the devices and
the leakage rate of air across the membrane was measured.
Figure 17 shows that all five of the different membrane-panel
configurations demonstrated acceptable membrane-attachment
integrity. These panels were then carefully packaged and
shipped to the molding facility for final overmolding into
devices.

Figure 17 also shows that the typical values of airflow
leakage were less than 0.35 cubic centimeters (cc) per minute.
This limit, for accepting and rejecting parts was determined
by evaluating the results of more than n=50 devices that were
determined to be acceptable, as measured by acceptable protein
retention performance. This limit represents the upper control
limit (three standard deviations above the average value) of
the population of samples.

Figure 18 shows that the overmolding process successfully
bonded the two panels into a single device in a manner that
demonstrated acceptable pressure integrity. The data show that
the average housing-burst pressure for n=100 devices that were-
made using all five of the membranes of interests or greater

than 250 psi. At least n=20 devices were tested using each of
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the membrane-panel configurations (3kDa MWCO, 10kDa MWCO,
30kDa MWCO, 50kDa MWCO & 1Q0kDa MWCO) .

Figure 19 shows that the 1levels of average protein
passage (proteins that should not pass) were less than 5%,
which is considered to be an acceptable level of performance.
At least n=24 devices were tested using each of the five
different membrane-panel configurations.

Figure 20 shows that the average protein that was
recovered was greater than 90% for the devices that were
tested. At least n=24 devices were tested using each of the
five different membrane-panel configurations.

Figure 21 shows that the average total volume of sample
that was recovered for these devices was greater than 98% when
the reverse spin procedure was used. At least n=24 devices
were tested using each of the five different membrane-panel
configurations.

Figure 22 shows the results of the average dead-stop
volume that was measured when these devices were centrifuged
for 10 minutes time. The results show that three of the
membrane-device configurations (30kDa MWCO, 50kDa MWCO &
100kDa MWCO) were able to achieve dead-stop volumes within 10
minutes. Two of the membrane-device configurations (3kDa MWCO
& 10kDa MWCO) did not filter down to their dead-stop volumes
within 10 minutes. As expected these two membranes have a much
tighter membrane structure and the other three membranes, and
require more time to filter the same volume of fluid. Devices
that are made using 3K MWCO membranes will typically require
at least 16 minutes to achieve dead stop volumes of 20 pL when
filtering typical protein solutions. Devices that are made
using 10K MWCO membranes will typically require at least 12
minutes to achieve dead stop volumes of 20 pL when filtering

typical protein solutions.
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accepting and rejecting parts was determ ned by evaluating the results of nbre

than n=5Q.dgui-ces that were determned to be acceptable, as neasured by
accept abl e proteln retention performance. This limt represents the upper

control limt g&greglfﬁﬁggfé€ig%¥é§%é0@%gﬁgg%§géh aver val ue)_ of. the

popul ati on of "sa fie BV nDId:ng:%ro ss @
successfullg 8%nded the t anels into a sin deV|ce in a_nmanner that

denonst r Bfé cERESE e e iFREYriURPCH a®3hb FHQFaﬁﬁeséP@Péﬁe
housi ng- bur st pressure for n=100 devices that mere nade using all five of the
nenbrane§°8PrFﬁﬁ€9e§t§Qﬁl%ﬁeﬁ§e?h@ﬁﬁﬁl§5096§PveﬂtQQ%ﬁﬂr$ﬁ9© geyreesswice
tested using each of the nenbrane-panel configurations (8kDa MACO 10kDa
MACO, 30kBRtMMEOLS0kBASMACO BluBOkDEYMAEO)drain holes for draining said

filtrate into said wvial, and a retentate chamber, said
filtration device having an external diameter;

said device holder comprising a housing having an open end
and a first internal diameter larger than said external diameter
of said filtration device, said device holder having a shoulder
within said housing spaced from said open end and defining a
second internal diameter smaller than said external diameter of
said filtration device;

wherein said filtration device is insertable into said
device holder in a spin mode whereby filtrate from said
filtration device flows from said drain holes into said device
holder housing, and in a reverse spin mode whereby retentate in
said retentate chamber flows into said device holder housing,
and wherein the extent of the insertion of said filtration
device into said dévice holder in either said spin mode or said

reverse spin mode is limited by said shoulder.
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Figure 19 shows that the | evels of average protein passage (proteins that
shoul d not pass) were less than 5% which is considered to be an acceptabl e
| evel of performance. At |east n=24 devices were tested using each of the five
di fferent nenbrane-panel configurations. Figure 20 shows that the
average protein that was recovered was greater than 90% for the devices that
were tested. Ahel easht ni2dgaevitidls neerieort estsegmbdiyngofachl afmt He, f i@ rein
di ff erent nenbrane-panel configurations. Figure 21 shows that the
aver age total segduaevales gl rt Falrids res@rereds forcipesgrdevrvedhghasid
greater than 98% when the reverse spin procedure was used. At |east n=24
devi ces were tgahednusing each of the five different membrane- panel
configurations. Figure 22 shows the results of the average dead-stop
vol une t hat e t.h Vi ce entrifuged f 10 . m_nut es
tinme. The r%gﬁﬁfs g%%%??ﬁ§$§?hri£¥§%éﬁaé§|ﬁ§ﬁ%§gﬁé§de§?céyg%h i%&ra?ﬁ%ﬁ?ﬂfEOkDa
MACO, 50kDa MACO .& 100k MACO) were able to achi eve dead-stop vol unmes within
10 minutes. TWO Of %ﬁet]??e Tang€YLoF c &ont i g P& o‘?‘i%g'( 3RS WIRF 217 01884 IMNCO)
did not filter down to their dead-stop volunes wthin 10 m nutes. As expected
these two nenbPBRnésS AR#ESd KcRlPPghEetdnBRBPafBdstructure and the other three
menbranes, and require nore tine to filter the sanme volunme of fluid. Devices
that are nebeThsi ngeBKe MAGEE hrerforldresst 30l | asppinddlyl yofequiaimatl | eadterbdn
m nutes to achi eve dead stop volumes of 20 pL when filtering typical protein
sol uti ons. Deehchs sbhiat memdrade 1si 0gidKedWVNEO mmmarayles of | breypeealdnan
require at least 12 mnutes to achi eve dead stop volunes of 20 pL when
filtering typapalitprotei mspl utdo8s. th¥hat absugl aigred fs5m 1. dheentidfygal;
filtration assenbly, conprising: a filtration device and at |east one
filtration deubpeeb@hfer of saiq $2hdrbihbhakikgncdevi ce conprising a sanple
reservoir, a pair of spaced nenbranes each supported by an underdrain support
conpri si ng ie C | s5. .Qr.oQv.es or e xtures to capture.
filtrate, aéi’p?ﬁréal ??@g%%w%fn oS TSP df 5?”%?‘%%’%%’ fcﬁﬂ%t gl’i n{a’kleéffil&l
vial, and a retentate chanber, said filtratjon device havipng an externa
di anet er; SaCh PR e TFER TR Er 65Hﬁﬂ§§4nf§a?ﬂnﬁﬁ h& iﬂgoHﬁ dpett&Ad and
a first internal diameter |arger _than said external dianmeter of said
filtrati on de¥PBeveshigadeGrRECRbLBEr CRatRhg A1dksarder @WRVACE-said housing
spaced from said open end and defining a second internal dianeter smaller than
sai d exterrfal THeaneertrofugal d filtradtican deveobly of abeimirl,sawlierein
filtration device is insertable into said device holder in a spin nbde whereby
filtrate fromesahdofi batdt doaideiibtesf hawsaf demfsaedgdeabi hdbas i5it.o sai d
devi ce hol der housing, and in a reverse spin node whereby retentate in said
retentate chamber ddowsi fudH1 Saiid tdemiics hakdemnphousbag, c Bt WhEr eivh lidg n
extent of the insertion of said filtration device into said device holder in
ei ther said sphiigbdecRtagal dnha¥ELSEoRRLAsARAS LSaki PLi ARy said shoul der.
2. The centrifugal filtration assenbly of claim1, wherein said device hol der
further corgris r I ai end, . The centri fugal

"Er A %%?grgfﬁg%g.ff 9§éggoﬁ.agsg Ty. ?om Illggg

filtration asse im?2, erei n-sai il tration vi ce has an open

end, and Mhergirkf%%f%fﬁ%%li%k§%§%§da% ngselgggg QRN %qqtration device
holder;

said filtration device comprising a sample reservoir, a

pair of spaced membranes each supported by an underdrain support

comprising a series of channels, grooves or surface textures to

capture filtrate, a plurality of drain holes for draining said
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4. The centrifugal filtration assenbly of claim1, wherein each said nenbrane
is oriented at an angle of greater than about 0 and | ess than about 5 fromthe
vertical centerline of said filtration device. 5. The centrifugal filtration
assenbly of claim1, wherein each said nenbrane is oriented at an angl e of
about 3 fromthe vertical centerline of said filtration device. 6. The

cent ri fugall tirialcer atimro asseinthl yvakhlel aiandl, ahereiteneadck ofclsamidedy ai el es
has a draft angle of about 5. 7. The centrifugal filtration assenbly of claim
1, whereifa1sak@ibat gavate ehanher agosprEksasladdaadtwelune. 8. A centrifugal
filtration assenbly, conprising: a filtration device and at |east one
filtration devbeg hehdels nolder Sabdbiidiial LORURYLGE HEAMRIJ SLAGoBLAAMDIEL

reservoir, a palr of spaced nbranes each” supported by an underdrain support

conpri si a_ser| f .chann .grooves or surface textures to capture
fiItrate?gg Sﬁuﬁgﬁgggaéfgggggkgﬁbles for draining said filtrate into said
vial, and a retentate chanber,_ said, filtratjon device having an .external,
diameter; | WhEZEAR qE0ide hbtGeR LORPIISTIE a ToUSTITG HRAAMY Amtshef %sd and
an internal dianeter; . Wwherein said filtration device is insertable into
sai d devPE¥1REI d&PLlPRTa dpi n arpdPitheredsie f i WheaeRy f r b arbEef | Freat i emridevi ce
flows fromsaid drain holes into said device hol der housing, and in a reverse
spi n nodéiwherébynr eteoritcat ef 1owsaifdometsavitcat @rzhanbed el dwsd nsdidaidévdes ce
hol der housi ng, and wherein the extent of the insertion of said filtration
devi ce i hbadsai thodedinge haldeinia devemrstedpiy tela ellatistey | esgehsaok sai d
external dianeter and internal dianmeter. 9. A nethod of filtering a sanple,
conprisiBEid reterid deRmBekl |#TAld ONNEBVILLi Andeklibst rAHSLCORAsing,
filtration device holders; said filtration device conprising a sanple

reservoi bngd PRkfeof ed pRifr ages each shppprisd hyr anUnderdnin gypport
conprising a series of channels, grooves or surface textures to capture
filtrate .plurality of. drain.haoles r..dr.aini;ng.said filtrate int aid

vi al , angeglgétéﬁ?%%quﬁégbg?ylggi ?i?%?affbnd g%léggﬁav?%gqgﬁae%F ?% Ve

di aneter; each said device _hol der conprising a,housin avi ng an open end and
o first PREGEAS: Ofi SmetleF<FATG0T PNAHCEAT o208 SPRET AT aRSPBRT6R sar d
filtration device, said device holder having a shoul der within said housing
spaced from s&i Bebpefl efdfahBcgéPPnAngaBiPdecoREMPHLELREF di aneter smaller than

sai d external diameter of said filtration device;
providing a filtration device and first and second

filtration device holders; said filtration device comprising a
sample reservoir, a pair of spaced membranes each supported by
an underdfain support comprising a series of channels, grooves
or surface textures to capture filtrate, a plurality of drain
holes for draining said filtrate into said vial, and a retentate
chamber, said filtration device having an external diameter;
each said device holder comprising a housing having an open end
and a first internal diameter larger than said external diametecx
of said filtration device, said device holder having a shoulder

within said housing spaced from said open end and defining a
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i ntroducing sanple into said sanple reservoir; inserting said filtration
device into said first device holder in an orientation wherein said drain
holes are in fluid comunication with said device hol der housi ng;

applying centrifugal force to said sanple to filter said sanple and cause
filtrate to flow fromsaid drain holes into said first device hol der housing
and to acewondatietrestrexit ad mamet sai dmaélent ahenclwilterexternal r ddamieng rsaif
filtration device fromsaid first device hol der; insert said filtration
devi ce i BlAds&iidtsecone deviiee;holder in an orientation wherein said retentate
chanmber is in fluid communication with said second device hol der housi ng;

appl yi ng Cent&hE%%@hc1%bC%ah%l%ahﬂtbekgﬁha%%mbﬁes%bgeE%EQQIate chamber to
transfer said retentate into said second devi ce hol der housing; and

removi ng Sa'di%%e&%%%bonsgf&'Cfil{fg@fgﬂ(jd%ﬁggﬂp 98¥bces§1&deflrst device

holder in an orientation wherein said drain holes are in fluid
communication with said device holder housing;

applying centrifugal force to said sample to filter said
sample and cause filtrate to flow from said drain holes into
said first device holder housing and to accumulate retentate in
said retentate chamber;

removing said filtration device from said first device
holder;

insert said filtration device into said second device
holder in an orientation wherein said retentate chamber is in
fluid communication with said second device holder housing;

applying centrifugal force to said retentate in - said
retentate chamber to transfer said retentate into said second
device holder housing; and |

removing said filtration deviée from said second device

holder.
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