All-In-One Sample Preparation Device and Method This application claims priority of U.S. Provisional
Application Serial No. 61/507,240 filed July 13, 2011 and U.S. Provisional Application Serial No.
61/648,631 filed May 18, 2012, the disclosures of which are Incorporated herein by reference.
BACKGROUND Centrifugal filters may be used to separate biological substances such as an
antibody enzyme, nucleig acidm@bp®teianp b ennpase ef eoncanipdenadasatdngdaurification, and
fractionation. These devices are most commonly used in centrifugal-separator Instruments, which may
consist of a fixegdangle-retop configuration erla swing- prvartable-angle-rotor sonfigerations Thesspeed of
the filterirg>piicicess and tise recovenywof retentatd samplefaredighiyivalued by evstomersd Sample
recovery Ratuesshigherlthan85% are asualiyrolstaingd byorentaMing the mehssiale capsSule{8ample
holder) ahd¢everse spirning it orf awbeeivepttbel ncoSpelr devides are typidally usedtetoncentrate
urine, serum, plasma and cerebrospinal fluid. For example, the measurement of specific proteins in urine
can be Important for the diagnosis and management of various disease states, yet the content of these
proteins in urine is often too small to be detected BREHFRREEDncentrating the proteins. Conventional
devices generally Include a housing having a sample reservoir, a filter sealed in the housing so that the

sample must past through the filter when , ,
Centritugal filters may be used to separate Dbiological

substances such as an antibody enzyme, nucleic acid and protein
for the purpose of concentration, desalting, purification, and
fractionation. These devices are most commonly  used in
centrifugal-separator instruments, which may consist of a fixed-
angle-rotor configuration or a swing- or variable-angle-rotor
configuration. The speed of the filtering process and the
recovery of retentate sample are highly wvalued by customers.
Sample recovery values higher than 85% are usually obtained by
removing the membrane capsule (sample holder) and reverse
spinning it in a receiver tube.

Such devices are typically used to concentrate urine, serum,
plasma and cerebrospinal fluid. For example, the measurement of
specific proteins in urine can be important for the diagnosis and
management of wvarious disease states, yet the content of these
proteins in urine is often too small to be detected without first
concentrating the proteins. Conventional devices generally
include a housing having a sample reservoir, a filter sealed in

the housing so that the sample must past through the filter when



subject to a driving force (such as centrEfugatlon), and a collection chamber for collecting the
concentrated sample. There is a class of protein purification protocols that use antigen-protein affinity
to separate proteins of Interest from a mixed sample such as a cell lysate or serum. Such protocols often
use small beads that are conjugated with antibodies such that they bind to specific proteins from the
sample. Qngs ¢he prateinsareieffectively bound to the:beads,dhere isca need 4@ extiact ane gollect the
proteins (elution) from the beads for downstream analysis, assay development, etc. Exemplary
downstream aralysisrtectinigbes Inttudec2D get electropheresisiancth masssspectomistry. There are a
number of processing steps that are needed in the workflow. These can Include equilibrating the beads
with neutral buffeérpfier tosbiadiAg Avashing Beobeads afterifindiagtoterndve aabodand Bentartitates,
eluting the proteins of Interest, exchanging the buffer from the eluted proteins, concentrating the final
diluted saipted aRdHihaily técovéring the! pliifietprdteins sample For affihity pufifiSationtdrid® @
Emmunol[gr.ecE(PEtatlon protocog,fthe proteinsltiourid to the beads are the pro%(:in of Interest. Eor

depletion p)lr}é?ocolgf‘ﬂlt%lﬁnb%ﬁ raction (proteins nét Boind o the beads) is the Sanple of fiterest.

e i ot o o L S
that they bind to specific proteins from the sample. Once the
proteins are effectively bound to the beads, there is a need to
extract and collect the proteins (elution) from the beads for
downstream analysis, assay development, etc. Exemplary downstream
analysis techniques include 2D gel electrophoresis and mass
Spectrometry.

There are a number of processing steps that are needed in
the workflow. These can include equilibrating the Dbeads with
neutral buffer prior to binding, washing the beads after binding
to remove unbound contaminates, eluting the proteins of interest,
exchanging the buffer from the eluted proteins, concentrating the
final diluted sample, and finally recovering the purified
proteins sample. For affinity purification and
immunoprecipitation protocols, the proteins bound to the beads
are the proteins of interest. For depletion protocols, the
unbound fraction (proteins not bound to the beads) is the sample
of interest.

Beads used in these purification methods are magnetic or

non-magnetic. One of the most common non-magnetic beads 1is



PureProteome albumin and PureProteome albumin and IgG for albumen and 1gG depletion from serum,
Magna ChIP protein A beads for chromatic Immunlpreclpltation, and PureProteome Nickel magnetic
beads for llls-tagged recombinant purification, are commercially available from END Millipore. When
working with magnetic beads, current manual methods rely on the use of pipettes to move liquids to and
from the sgmplestube (buHerse etc:) anddadnoyedhe sample from-one deviceteranratheraAMagnets are
used to hold the beads to the side of the sample tube so that the user can pipette out the buffers without
disturbing the=pbeads: dihere areabout8 pipettessteps pemsampleuniantypical bime/viash/elutermeankflow.
For optimal protein binding with the beads, incubation is required with these methods. The device
containingtle BeAds &nidlthé Samplerare usealyturnéddman end-Bvertendmixer: olglaged ih@rshaker
(e.g., vortexor) for 10-30 minutes. When new buffers are added, such as wash and elution buffers, the
user will FortéEX the devicdTBF ARGt or-sd-tmix ateFwash: S T The Wishitg At el diHg Steps need to

be repeated rgulti@le timHe,s in order to be effective. For exampge, stgndard protocol is to add W h buffer
to the sa %?e vial, Qgrtexl(?ni%af%?% minute 6F slor}arélﬁ]o%l the Bufferand re%égt tWwo Of Mioretimes. With

magneticaQ]eaa& a%eebéggé%aﬂgl%gﬁofgg%e takes about 45 minutes. An alternative to magnetic
beads is agarose beads.One ’

When working with magnetic beads, current manual methods
rely on the use of pipettes to move liquids to and from the
sample tube (buffers, etc.) and to move the sample from one
device to another. Magnets are used to hold the beads to the
side of the sample tube so that the user can pipette out the
buffers without disturbing the beads. There are about 8 pipette
steps per sample in a typical bind/wash/elute workflow.

For optimal protein binding with the beads, incubation is
required with these methods. The device containing the beads and
the sample are usually turned in an end-over-end mixer, or placed
in a shaker (e.g., vortexor) for 10-30 minutes. When new buffers
are added, such as wash and elution buffers, the user will vortex
the device for a minute or so to mix and wash.

The washing and eluting steps need to be repeated multiple
times in order to be effective. For example, standard protocol
is to add wash buffer to the sample wvial, vortex (mix) for a
minute or so, remove the buffer and repeat two or more times.
With magnetic beads, the bind/wash/elute procedure takes about 45

minutes.



commercially available device that uses agarose beads Includes a tube with an open bottom and a
porous frilt positioned over the open bottom. Instead of using pipettes to remove fluids from the sample
tube, a bench top centrifuge is used to drive the fluids through the frilt and Into a collection tube - typically
a 4 mL or 15 mL tube. The frilt pore size is chosen to retail the beads while allowing buffers and proteins
to pass throughan Bependingion-the sizeiattherspin ecolump used, theawerklowean be cunipersome
and time consul-nil-1g compared to methods that use magnetic beads. A bench top centrifuge is typically
a shared pietesofceguipmentiotatedlat alecommontbeations anlikegmifrooentrifages that éacle sser may
have setup at their work area. This process requires 16 prpettrng steps per sample and takes about 1
hour to citipfetel 1 th Fapbethenagietic @hd aig@rose Morkiicvst downstréarnistassimay srclides
exchanging the carrier buffer and concentrating a diluted sample. In cases where buffer exchange of the
sample i€HESIrE Perfaps torehicve thé eldertdikB rRidazsle HherSainpie i$ typicHllytraisférréd to a

dialyzing membrane tube withkg:lamgs or the life, Whigh is then place ir%sid%a_tank oLexcan%g buffer for
up to 24 RoURR &5 the Buffefis e%%ﬁangeoé)gr%ﬁﬂgﬁyl ?%%ylo? difftsfon=°  “{here blifferexc a%ge and

concentraian s desied. a dlafitaloygroteln coneeatiation deyigs can.be tised sych a3 g genyfugal

device with a porous UF membrane sized to retain the proteins, but allo to pass through. By

controllingghe,spin -k FA-4e and selecting A appropdate devige design the dingh concgntrationcan be
controlled. For the buffer exchange to be effective, the buffer exchange step needs to be repeated two or

three times (like was done withtheavashand ghition steps)o These deviees take 30-45 minutes and
require multiple spins in a centrifuge. In the Amifon Ultra device commercially available from END
Millipore, there areck pipette stepscioe bafferexchange asmdiconcentrationised, the workflow
can be cumbersome and time consuming compared to methods that use
magnetic beads. A bench top centrifuge is typically a shared
piece of equipment located at a common location; unlike
microcentrifuges that each user may have setup at their work
area.
This process requires 16 pipetting steps per sample and
takes about 1 hour to complete.
For both magnetic and agarose workflows, downstream steps
may 1include exchanging the carrier buffer and concentrating a
diluted sample. In cases where buffer exchange of the sample is
desired, perhaps to remove the eluent like imidazole, the sample
is typically transferred to a dialyzing membrane tube with clamps
or the 1like, which is then placed inside a tank of exchange
buffer for up to 24 hours as the buffer is exchanged gradually by

way of diffusion.



As the volumes of protein samples become smaller, the undesirable potential losses of samples due to
the hold-up volume within a device have become more Important than ever. Current data suggest that 10
laL loss in a concentrated sample of 50 pL represents 80% protein recovery. If the protein loss were
reduced by one order of magnitude from 10 pL to 1 pm, protein sample recoveries could be Increased
from 80% to 98%n Anc18% JmpseveraeniHia pyetein sample-ieceveny-coulch be very valuables, K would
be desirable to provide a device and method that efficiently and effectively performs a bind and wash, a
buffer exchangel amch concentration; andton assompleteobindewask andrelbte, befer, exchange and
concentration in a single device without the need to pipette transfer the precious sample between
devices, pariculatlyfor salnplecsizes i teraboutdIsmUESUMMARYS s 1TRE problems f the phor art
have been overcome by the embodiments disclosed herein, which in certain embodiments includes a

sample préparation deité tiat BRBws 6t bihdand Wash? ahuffer eXéiange Bhd ¢oREémttatid! and/or a
complete hind, wash, elute, buffer-exchange, and concentration | process (}o be carr{ifd qut withoHte sample

transfer be \?/e'e%"f)rlnrﬁltiﬁl%em&ev%g s %c?, r i?lrﬁge with cértain %mlt?oﬁmerﬁ‘s@lé: Cen ﬁfﬁbgpdevﬁ:e is
provided fhatfcludgs.aeservairhaying apdniet, g selymadfor holding meslia sych.as a.bed.gf packed

beads, a er region for receiving in sealing relation a filtration device, and an outlet. In accordance with

certain embodjments; the filfration devies includes ahousing having a samplegsevoirn, Qne.erdnore,

preferably two, substantially vertically oriented membranes (spaced apart where more than one is
present) digposed inthedwousingean underdrainassaciated with eachhmembrane sueh thatfluid passing
through each membrane flows through a respective underdrain into a filtrate collection chamber. The
filtration dendges plugs Mtethe hidderaegion ok thedentrifugal device, andithecagssemblyncanche ptaced in
an optional holder. The assembly, with or without the optional holder, can be placed in a conventional
centrifugé puiliesfor certrifigation. R entirén  the Amicon Ultra device commercially

available from EMD Millipore, there are 5 pipette steps for
buffer exchange and concentration.

As the volumes of protein samples Dbecome smaller, the
undesirable potential losses of samples due to the hold-up volume
within a device have become more important than ever. Current
data suggest that 10 pL loss in a concentrated sample of 50 uL
represents 80% protein recovery. If the protein loss were reduced
by one order of magnitude from 10 pL to 1 um, protein sample
recoveries could be increased from 80% to 98%. An 18% improvement
in protein sample recovery could be very valuable.

It would be desirable to provide a device and method that
efficiently and effectively performs a bind and wash, a buffer
exchange and concentration, and/or a complete bind, wash and

elute, Dbuffer exchange and concentration in a single device



bind, wash, elute, buffer exchange and concentration steps can be carried out with the apparatus without
any pipette transfers (and the associated sample losses), resulting in superior sample of Interest
recovery. The sample preparation device also can be used for binding and washing steps, in winch case
the filtration device is not needed, and for buffer exchange and concentration steps, in winch case the

media is not needed: Multiple buffer exghanges canherearried oubindbe samesdeyice. be tiyaegordance
with certain embodiments, the device can Include a retractable feeder tube, such as to help reduce the
loss of samplecsoiutigrsthatadcumuylateoon Heeninher wetted bare amdaéxteriorlsurfaice of the feeder tube.
In accordance with certain embodiments, a sample is Incubated with the media in place in the device so
that the selected target binds to the media. The remaining unbound sample then can be washed away.
The sample is purified by eluting the target sample of Interest from the media by adding a buffer that
causes the media to release the captured target BRRRE solution. Once a sample is purified, it can be
concentrated to a useful concentration for analysis or storage (most proteins are most stable when stored

at a concentratiof fiedt MGG, ©Ff Indteordance with Eertaiy Emb&dime e Sthe Edmphe prép&ration

dovice capylnclile.a biasing,member or diaphiag thaf,can be actuated o evacusle smalvelies (e.-
includes a sample preparation device that allows for a bind and
wash, a buffer exchange and concentration, and/or a complete
bind, wash, elute, buffer-exchange and concentration process to
be carried out without sample transfer between multiple devices.
In accordance with certain embodiments, a centrifugal device 1is
provided that includes a reservoir having an inlet, a column for
holding media such as a bed of packed beads, a holder region for
receiving in sealing relation a filtration device, and an outlet.
In accordance with certain embodiments, the filtration device
includes a housing having a sample reservoir, one or more,
preferably two, substantially vertically oriented membranes
(spaced apart where more than one 1is present) disposed in the
housing, an underdrain associated with each membrane such that
fluid passing through each membrane flows through a respective
underdrain into a filtrate collection chamber. The filtration
device plugs into the holder region of the centrifugal device,
and the assembly can be placed in an optional holder. The

assembly, with or without the optional holder, can be placed in a

conventional centrifuge tube for centrifugation. The entire



The sample preparation device results in overall time savings for bind and wash, buffer exchange, and/or
bind, wash, elute and concentration protocols.No sample plpetting is required, resulting in higher sample
recovery.Buffer exchange can be carried out in substantially less time than previously possible, IA/1th a
single centrifuge sip= step for each of buffer exchange and wash steps rather than multiple sip= steps
previously requirec g binding-incubatien perieth isnrecessary. on cbhaccordanceswith ceftain be
embodiments, the assembly Interface between the filtration device and the exchange chamber can allow
relative mevement arsepatdationtsucheagby atechanicah meansrsychigsed physicalstdp os by self
actuating geometry subject to centrifugal pressure gradient to remove tip engagement with captured
target to 6piimizé sampld eecoverele Advaptages achfevedith the deviees and methvdssdiscfosed
Include but are not Minted to shortened incubation times for affinity separation processes; Improved
sample coREERtFation 7i¥ 6AE HeVice plattsrnts TRBIGved SaRPIE FecoVeryUsiHG InGert Spintiifg 6t
ntrifugal ices; a ingle sip= buffer exchange dilutions.
ce uQ%é%%”%?f E93£§H%S§n§“%§sﬁi%§ié%%péﬂoi% which case the filtration
device is not needed, and for buffer exchange and concentration
steps, 1n which case the media is not needed. Multiple buffer
exchanges can be carried out in the same device.

In accordance with certain embodiments, the device can
include a retractable feeder tube, such as to help reduce the
loss of sample solutions that accumulate on the inner wetted bore
and exterior surface of the feeder tube.

In accordance with certain embodiments, a sample is
incubated with the media in place 1in the device so that the
selected target binds to the media. The remaining unbound sample
then can be washed away. The sample is purified by eluting the
target sample of interest from the media by adding a buffer that
causes the media to release the captured target back into solution.

Once a sample is purified, it can be concentrated to a useful
concentration for analysis or storage (most proteins are most
stable when stored at a concentration near 1 mg/ml).

In accordance with certain embodiments, the sample preparation
device can include a Dbiasing member or diaphragm that can be

actuated to evacuate small values (e.g., hold-up volumes) of sample

from the device.



BRIEF DESCRIPTION OF THE DRAWINGS  FIG. 1 is a perspective view, in cross-section, of a
reservoir/exchange member in accordance with certain embodiments;  FIG. 1B is a perspective view, in
cross-section, of a reservoir/exchange member containing a pre-packed bead column in accordance with
certain embodiments;  FIG. 2 is an exploded view of a reservoir/exchange member and filtration device
in accordance withecestaip Bnadigents; i o-lGe diis@ verticalariented,esess-seetional sideiview of a
filtration device in accordance with certain embodiments;

for bind and wash, buffer exchange, and/or bind, wash, elute and

concentration protocols. No sample pipetting 1s required,

resulting in higher sample recovery. Buffer exchange can be

carried out 1in substantially less time than previously possible,

with a single centrifuge spin step for each of buffer exchange and

wash steps rather than multiple spin steps previously required. No

binding incubation period is necessary.

In accordance with certain embodiments, the assembly
interface between the filtration device and the exchange chamber
can allow relative movement or separation such as by mechanical
means such as a physical stop or Dby self actuating geometry
subject to centrifugal pressure gradient to remove tip engagement
with captured target to optimize sample recovery.

Advantages achieved with the devices and methods disclosed
include but are not limited to shortened incubation times for
affinity separation processes; 1improved sample concentration in
one device platform; improved sample recovery using invert

spinning out centrifugal devices; and single spin buffer exchange

dilutions.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1is a perspective view, 1in cross-section, of a

reservoir/exchange member in accordance with certain embodiments;



FIG. 4 is a perspective view, in cross-section, of a reservoir/exchange member and a filtration device
positioned therein in accordance with certain embodiments; FIG. 5 is an exploded view of a
reservoir/exchange member, filtration device, optional assembly holder, centrifuge tube and cap in
accordance with certain embodiments;  FIG. 6 is a cross-sectional view of an assembly including a
reservoir/exchange membet, diltrationdevice cassembly helder, eentrifugesisbeandieap in agcordance
with certain embodiments;  FIG. 7 is a cross-sectional view of an assembly including a
reservoirlexehange. membér; filtratior device cassembly holder reentrifaigeddbéand cap,lshowing the tip
of the reservoir/exchange member positioned in the dead stop volume region of the filtration device, in
accordaneeswitiieatainehibodiments:n  FIGo8 g'aeFdss-sectional view of an assembly including a

reservoir/exchange member, filtration device, assembly holder, centrifuge tube and cap, showmg the tip
of the FIG. 2 is an exploded view of "a reserV01r/exchange member and

filtration device in accordance with certain embodiments;

FIG. 3 is a vertical oriented, cross-sectional side view of a
filtration device in accordance with certain embodiments;

FIG. 4 1is a perspective view, 1in cross-section, of a
reservoir/exchange member and a filtration device positioned
therein in accordance with certain embodiments;

FIG. 5 is an exploded view of a reservoir/exchange member,
filtration device, optional assembly holder, centrifuge tube and
cap in accordance with certain embodiments;

FIG. 6 1is a cross-sectional view of an assembly including a
reservoir/exchange member, filtration device, assembly holder,
centrifuge tube and cap in accordance with certain embodiments;

FIG. 7 is a cross-sectional view of an assembly including a
reservoir/exchange member, filtration device, assembly holder,
centrifuge tube and cap, showing the tip of the
reservoir/exchange member positioned 1in the dead stop volume
region of the filtration device, 1in accordance with certain
embodiments;

FIG. 8 is a cross-sectional view of an assembly including a
reservoir/exchange member, filtration device, assembly holder,

centrifuge tube and cap, showing the tip of the



reservoir/exchange member lifted out of the dead stop volume region of the filtration device, in
accordance with certain embodiments;  FIG. 9 is an exploded perspective view of a bind, wash, elute
and concentration device in accordance with certain embodiments; FIG. 10 is a cross-sectional view
showing the volume occupied by the exchange member in the filtration device in accordance with certain
embodimeatss rv &G/ 2k isha esesssestienal viewof @ resefvosiexchangesmemberhaving parion with
convolutions to allow axial movement during centrifugation, in accordance with certain embodiments;
FIG. 12 isacross-secttionalviewidftareesemoir/éxcharmge memberhaving athinned=wallportien to allow
axial movement during centrifugation, in accordance with certain embodiments; FIG. 13isa
cross-seéiopilean6fa reservoir/exchange member having an over-molded thin-walled portion to allow

axial movement during centrifugation, in accordance with certain embodiments;
FIG. 9 is an exploded perspective view of a bind, wash, elute

and concentration device in accordance with certain embodiments;

FIG. 10 is a cross-sectional view showing the wvolume occupied
by the exchange member in the filtration device in accordance
with certain embodiments;

FIG. 11 1s a cross-sectional view of a reservoir/exchange
member having a portion with convolutions to allow axial movement
during centrifugation, in accordance with certain embodiments;

FIG. 12 1s a cross-sectional view of a reservoir/exchange
member having a thinned-wall portion to allow axial movement
during centrifugation, in accordance with certain embodiments;

FIG. 13 1is a cross-sectional view of a reservoir/exchange
member having an over-molded thin-walled portion to allow axial
movement during centrifugation, in accordance with certain
embodiments;

FIG. 14 is a diagrammatic view of a reservoir/exchange member
showing the location of molded asperities on the exterior surface
of the column, and the exploded detail shows a cross-section the
wetted surface and the gas boundary layer;

FIG. 15 is a perspective bottom view of a diaphragm cap in

accordance with certain embodiments;

-10-



FIG. 14 is a diagrammatic view of a reservoir/exchange member showing the location of molded
asperities on the exterior surface of the column, and the exploded detail shows a cross-section the wetted
surface and the gas boundary layer; FIG. 15 is a perspective bottom view of a diaphragm cap in
accordance with certain embodiments;  FIG. 16 is a perspective top view of the diaphragm cap of FIG.
15 in accordanceswith eertain embeostieatst 1 vEIG: 4 is;aerosssectionakviewrof agfeserypir/exchange
member including the diaphragm cap of FIG. 15 in accordance with certain embodiments; FIG. 18 is a
perspectivédop View. of a ceservein/excharnge menmiserrhavirgpa madified flange to accommodate the
diaphragm cap of FIG. 15 in accordance with certain embodiments;

FIG. 17 1s a cross-sectional view of a reservoir/exchange
member including the diaphragm cap of FIG. 15 in accordance with
certain embodiments;

FIG. 18 1is a perspective top view of a reservoir/exchange
member having a modified flange to accommodate the diaphragm cap
of FIG. 15 in accordance with certain embodiments;

FIG. 19 is a cross-sectional view of an assembly including a
diaphragm cap in accordance with certain embodiments;

FIG. 20 1s a perspective top view of a reservoir/exchange
device showing an affixed diaphragm cap in an open position;

FIG. 21 is a side view of a reservoir/exchange device showing
an affixed diaphragm cap in an open position;

FIG. 22 1is an exploded view of a reservoir/exchange device
including a diaphragm and a 15 ml filter in accordance with
certain embodiments;

FIG. 23 1is a perspective view of a reservoir-exchange device
in accordance with a first alternative embodiment;

FIG. 24 is a perspective view of a reservoir-exchange device
in accordance with a second alternative embodiment;

FIG. 25 1is a perspective view of a reservoir-exchange device

in accordance with a third alternative embodiment;

-11-



FIG. 19 is a cross-sectional view of an assembly including a diaphragm cap in accordance with certain
embodiments; FIG. 20 is a perspective top view of a reservoir/exchange device showing an affixed
diaphragm cap in an open position; FIG. 21 is a side view of a reservoir/exchange device showing an
affixed diaphragm cap in an open position; FIG. 22 is an exploded view of a reservoir/exchange device
including a diapheagnz? and a 15 ny filterin aceardance with-cestainembedimentsijevices with

and without diaphragms in accordance with certain embodiments;
and
FIG. 27 is a graph comparing a 3-spin procedure to a bind-

wash-elute procedure in accordance with certain embodiments.

DETAILED DESCRIPTION OF THE INVENTION

Turning first to Figure 1, there is shown a
reservoir/exchange member 12 in accordance with certain
embodiments. The member 12 is preferably made of a low binding,
clear material capable of withstanding the forces typically
encountered during centrifugation. Suitable materials include
clarified polypropylene or polycarbonate. In certain embodiments
the member 12 includes a generally cylindrical sample reservoir
14 having an open top (inlet), although other shapes are suitable
and within the scope of the embodiments disclosed herein. A top
annular flange 16 having an outside diameter larger than the
outside diameter of the reservoir 14 can be provided which can
seat in a centrifuge tube cap (not shown in FIG. 1). The volume
or capacity of the reservoir 14 is not particularly limited, and
can be chosen based upon the sample size and/or the size of the
filtration device to which the reservoir 1is to be connected.
Exemplary volumes include 3 ml and 11 ml. In certain
embodiments, the bottom of the reservoir 14 is frusto-conical

shaped, tapering downwardly (in the direction of fluid flow from
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FIG. 23 is a perspective view of a reservoir-exchange device in accordance with a first alternative
embodiment; FIG. 24 is a perspective view of a reservoir-exchange device in accordance with a
second alternative embodiment;  FIG. 25 is a perspective view of a reservoir-exchange device in
accordance with a third alternative embodiment; FIG. 26 is a graph showing hold-up volumes of
devices with:ansibwithoubdipphiagms-idaccordanee swathacertainembedigents; and a FKandfisia graph
comparing a 3-spin procedure to a bindwash-elute procedure in accordance with certain embodiments.
opening which leads to a column 18 of lesser diameter than that
of the reservoir 14. The upper portion of the column 18 has a
diameter and length chosen to hold a sufficient amount of media
30 to carry out a binding step, and 1is thus positioned
downstream, in the direction of sample flow during a binding
operation, of the sample reservoir 14. In embodiments where no
binding is desired (e.g., a buffer exchange and concentration
protocol), the media can be omitted from the column 18.
Preferably the column diameter and length are sufficient to hold
at least 200 microliters of beads, creating a packed bed. An
exemplary diameter is about % inch, with a length of * inch or
more. Where media is used, a media retaining structure such as a
porous frit 31 can be placed below the media 20 to hold the media
in place, in the case of a pre-packed column the need would exist
for an additional retaining structure 3la positioned above the
media to contain the media within the column diameter (FIG. 1B).
The column 18 can include an annular flange 19, which provides a
shoulder or stop against which the filtration device 50 is
positioned during use (e.g., with an interposed gasket 40 (FIG.
2), providing a liquid sealing interface between the filtration
device 50 and the member 12). Below the annular flange 19, the
column has a holder region 20 of intermediate diameter, which is

received in the upper portion of the sample reservoir of the

filtration device when positioned on the column during use. The
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DETAILED DESCRIPTION OF THE INVENTION Turningfirsttofigurel,thereisshowna reservoir/exchange
member 12 in accordance with certain embodiments. The member 12 is preferably made of a low binding,
clear material capable of withstanding the forces typically encountered during centrifugation. Suitable
materials Include clay-riled polypropylene or polycarbonate. In certain embodiments the member 12
Includes agenerallyccylindrical samplel resenvaint4 baving & apemtopH nlet), mithaugh othershapes are
suitable and within the scope of the embodiments disclosed herein. A top annular flange 16 having an
outside digmetérdargernthan the Dutside diameterof thewreservoiml 4 tantdiesprovideg winch canseat in a
centrifuge tube cap (not shown in FIG. 1). The volume or capacity of the reservoir 14 is not particularly
Minted, ahidlecegitise chivsehased bporthéisampie siza and/of thé sizeedfthe filratiortdevicetoawhich
the reservoir is to be connected. Exemplary volumes Include 3 ml and 11 ml. In certain embodiments, the
bottom oftheTe<8rv6it 145 frtistd-coridrshaped, tapeting downwardly'(fithe 8iféStion Of fliét flow from
the open top) and radially Inward%, con.verginé;fto a centrgl g]eening winch leads to a c%olumn 1?] of lesser
e colu e

diameter than that 6fthe réservoi flftﬁh()enup er p%}r]t?on ot the" €olufmh 1§%‘élscae diameeY and %gth
chosen t%gggr%ﬁggiciev%gm%@é J(‘)]‘C%e é%38$o gg%yc%yEMn%iggls egr;,t g.is thus positioned
e :

downstream, in irection of sample flow during a binding operation e sample reservoir 14. In

embodiments whgee npbinding is desired (8.9, a-byffgrexchange.and coneentration protocel), the media
can be omitted from the column 18. Preferably the column diameter and length are sufficient to hold at

least 200umissoliters of headsi ¢reating apacked bedeAp exemplaryghiametes is abeutdbinchowith a
length of 4 Inch or more. Where media is used, a media retaining structure such as a porous frlt 31 can
be placed beélowi thelmedian 2@ to holck the media implatebin thencaseloffa pee-packedicolumnthe need
would exist for an additional retaining structure 31a positioned above the media to contain the media
within thecealulthrdiameter {EIG: 1B)Fhie eolumrrI8 éa inclute arcammularfrangesior awhichlprovides a
shoulder or stop against which the filtration device 50 is positioned during use (e.g., with an Interposed
gasket 46 [F1E- 2) Ypréviding & ligtrns&aling Ateface*hetwBBn therfilthtioh deéice’50-8Ad five mMémber
12). Below the annular flange 19, the column has a holder region 20 of intermediate diameter, which is

received TP tHE Gper portion Ofthe SAmpTE Féservair ot the Hiltration tevidk when Positished oh'tHe

CdUﬂHdeQng@?.T%@%m_ the finned-shaped column. The finned feature 1is
shaped to fit inside of the mating filtration device 50 with the
inside cored out to maintain a wuniform wall thickness. 1In
accordance with certain embodiments, the finned feature allows
the region 22 of the column 18 to occupy substantially the entire
volume between the membranes 12A and 12B of the filtration device
50, thereby maintaining the desired sample volume near the open
bottom end 24. Preferably the stem is cylindrical and tapers
radially inwardly towards the open bottom end 24. The open bottom
end 24 allows for fluid communication between the reservoir 14
(through any media and frit present, and through the region 22
(bind/elute chamber)) and a downstream device such as a tube or a

filtration device.
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region 20 has an outside diameter less than the outside diameter of the annular flange 19. A downstream
further stepped down diameter portion 21, having an outside diameter less than the outside diameter of
region 20, sits in a lower region of the sample reservoir portion of the filtration device, above the
membranes, when positioned on the column during use. The region 22 of the column 18 has a finned
geometry, tapering radiatly fianca relatively Hick upper pasien 22a e a relativelydhindowerporion 22b,
and defines a 'find/elute chamber. At the thinner portion 22b, the column tapers radially Inwardly at 22c,
convergingria stemy 23p prefenably centraliylocated, tkatilas ancapen bottoapend 24, the stem @xtending
axially from the finned-shaped column. The finned feature is shaped to fit inside of the mating filtration
device 5@ withthe inside coredravt to mathtdinl® aniforahwall Wieknesselntaccordareewitht eéerain
embodiments, the finned feature allows the region 22 of the column 18 to occupy substantially the entire
volume behieetthe thémbraias 12228 £2B ofthé fiftkation Bedice 507 therely’ mafrtalfing e desired

sample vol,ur%e near trlle %Qg bottom end 24. PrefAerabI the Stﬁm is cylindrical and ta%ers radTiEIg
Inwardly}t)olv{/lardsm ﬁl%aope ottom énd 24, lenopeh bSttSmEnd 24 Bllows far fidid’comniunication

between fie.tesenial LA thiough.any. medis A rssent and hrauah oe redion 22 (biydigiute
own u

chamber)) and a stream device such as a tube or a filtration device. In accordance with certain

embodiments, fhemnedja can be.chromatography pedia, such @as media ugedo capiure-selectgd

analytes in a sample and release them when the buffer conditions are appropriately changed. Suitable
media Ingludes beadsdhathinddnetal ehelate tprotein A glatathione, albumindete. The mediagnay be
magnetic, non-magnetic, agarose, etc., and may be modified with certain chemistries such as IMAC,
protein Aaglutathiarse, sstrgpsaviding ete Accordingly, the enedia canslnckudecappiopriate chemistries to
effectuate the desired binding. In accordance with certain embodiments, the finned lower portion and
column can forma singiodetachablerfediurethat can beatachart:to-the résepvoir 14nsiiEh aswyra snap
fit, luer fit, screw on, etc. The detachable feature reduces the amount of plastic waste and the cost of the
disposabRS aSHAB résetvaiP pBrtionh B WasRable ARdGedSabie AR €Xempfiry tvieBdvheré the
column 18 is removable is shown in FIG. 23. Althoygh any suitable connection_ mechanism can be used
t0 conneBthe CORITIT 18 16 tHe TesBRiGH L4 FIG. 53 Shows i GHbBdImEH: whoré= HeGolomi1s
Includes a threaded portion, 118 that is threachngly, received in the lower portion 144 of the reseryvoir 14
that contg%ﬁr"{ter%%fgrg%\?e's 14?%1% r%%etcea\(/:\r/}l}[ tﬁg th?eea%(%sugne the ?ﬁ‘ra%a?lgd ggr%onainféﬂ_rcow%r%‘/portion

114 is preferably cylipdrical and circymscribes speut 146 thatis a fiyid-communication it the;reservoir

14. The_ removability of the column 18 allows flexibility in using different columns 18 with the same

ESENVOIlportion can be washable and reusable. An exemplary device where
the column 18 is removable is shown in FIG. 23. Although any
suitable connection mechanism can be used to connect the column
18 to the reservoir 14, FIG. 23 shows an embodiment wherein the
column 18 includes a threaded portion 118 that is threadingly
received in the 1lower portion 144 of the reservoir 14 that
contains internal grooves 145 that mate with the threads on the
threaded portion 118. Lower portion 114 is preferably cylindrical
and circumscribes spout 146 that is in fluid communication with

the reservoir 14. The removability of the column 18 allows

flexibility in using different columns 18 with the same reservoir
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14.FIGS. 24 and 25 show similar embodiments where multiple columns can be attached to the reservoir.
For example, reservoir 14' in the embodiment of FIG. 24 has two outlets, and two removable columns 18A
and 18B can be attached, each to a respective outlet. Similarly, reservoir 14" in the embodiment of FIG.
25 has four outlets, and four removable columns 18A, 18B, 18C, and 18D can be attached, each to a
respectiveputlet.r1c§1G. 2is anexplededndew efithe membersi2iand fikratiamdeycerd0, wig the
filtration device 50 shown oriented to be received by the column 18 of the member 12. In view of the
flattened anthtaperedsconfiguedtionadfdhe regioh@2refthe column 1Bpand wawvieheof the symmetry of the
filtration device 50, the filtration device 50 can only fit on the column 18 in one of two ways; that shown in
FIG. 2, and thati P800 retatedveteftemt In e embodimeht Shown,tagasketdeissused provide a liquid
tight seal between the filtration device 50 and the member 12. Other sealing mechanism can be used,
such as G-Fifig¥ dF thston? SHAPEd ovérfmoldBd seafSinclitiing Rice Sedis Fible réédfype-Seals, etc.

Such overmolded seals can Petlntegsralrly_ rlnol ed. Turninq no 4t,g) FIG. 3hthere IS %hown a filtration
device 50 SRAbIE 101 USE in accordahd® with cértaihembodiments. The filtratiorT §evica 5015 that

described ip U.S, Pupl, No 200910076635, the disclosure of winchis hereby,ingorporated by reference.

The device 50 Includes a sample reservoir 11 to receive an unfiltered sample, and first and second

membranes-12A and 128 each aranged opasside wall af the device 0-as,shown 1A retentate chamber
14 defining a dead-stop volume is provided below the membranes 12A and 12B. A collection tip 30 that is

generally arc-shaped and psoteudes:gutwaedly froawthe bottam persimeter afithe gleviee may be provided
to localize the dead-stop volume at the centerline of the device, and subsequently reduce variability of the
dead-stop«olume adthewangte oflosiertation #tacentrifugecehah§ess Poeferablyi thetdeviceb0ls made of
a solid material that is liquid Impermeable, has low protein binding characteristics, and is sufficiently
strong to Withstaitdithe gravitationallferces {Gs)dpplied:durimgeentrifugation] Suitalbte’ materialdnclude
acrylic, CYROLITE G20 HzFlo resin, ESTAR HN631 resin and KRATON polymers. The side panels in
particular’da-be mistle ®F 4 cleaPiastic miaefiaPwhich giables an“Gserat6oriserto séd into'tRe interior
cavity of the device g0 as to, determine the fluid levels prior to, and aft%: the filtration process. The side

panels e&ch IHBLdE Hin dhterdraze SGBpdt that Sulpols the mémbrane and provides Hufd v+ e

communiggion {0 the iptentate chamber - Jipr example. the undsydragn suppart candnlyde . series of
spaced longitudinal grooves, channels, or surface textures that are located beneath the membrane to

capture filfrate.q,it passes through themembrange apd dlirecy it towards the,drain hgles and inta &
receiver vial. Each membrane is sealed to a respective side panel
therefrom. In the embodiment shown, a gasket 40 1is wused to
provide a liquid tight seal between the filtration device 50 and
the member 12. Other sealing mechanism can be used, such as O-
rings or custom shaped overmolded seals including face seals,
flexible reed type seals, etc. Such overmolded seals can be
integrally molded.
Turning now to FIG. 3, there is shown a filtration device 50
suitable for use in accordance with certain embodiments. The
filtration device 50 1s that described in U.S. Publ. No.

2009/0078638, the disclosure of which is hereby incorporated by

reference. The device 50 includes a sample reservoir 11 to
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so that only fluid passing through the membrane can exit the drain holes of the device located in the side
panels. In certain embodiments, each membrane 12A, 12B is coextensive with a respective underdraln
support and is sealed thereto. The geometry of the underdraln is Intended to support the membrane and
keep it as flat as possible, while allowing sufficient open space underneath the membrane to enable fluid
to flow and:pass;threugh.theidrasrheles 480f dhe device.ilt istprefefirectbah Ay dratlic-Huid yesistance be
kept as low as possible. Sul-table membranes Include microporous and ultraporous membranes, the
latter beiag dséfuBfoe altrafitrationg Regenerateslicetulose ultrdfilttationdnembeanes (eg.,sTuultvacel
AmTcon IN" and "Ultracel PL" membranes available from Millipore Corporation of Bedford, Mass.) are
well-stilted foredevices-targetedforcondentiating or desaltitrpektrdmely diddtest hydrophehie dasple
liquids. The use of a hydrophilic membrane having a "tight" microstructure promotes good retention with
low adsoftior*of préteiR SBRIAC 2R oftet n?a(t%rﬁgl]écules?’ PS@%M%&%eEﬂﬁaﬁﬁétiBH"f‘ﬁerﬁﬁranes
(e.g., "Amicon PM" and "liomax PB" also available from Millipore CorporatT
A gt o Hstitd

n), or other like membrane
having art @cr)lpeerna‘ mitroStrdctire’ blé 6r ré)priéD 555 %?ion?léFeW Bétterlst r(% for (}te}%/'ces ?atr68Féd for

concentrating gad desalting more. Songentiated sample s, sych 2s ser

_ 4B, Rigsma. and cogditioned
tissue cutture. Preterably each membra B is oriented at a slight angle with respect to the

longitudinal centerline afithe device 10, such,that ihie top of gach g&@@%@%%ﬁ%@@ﬁgr%@&e

longitudinal centerline a distance greater than the bottom of the membrane. A funnel-shaped
configuration is formegl, Se positioningeachtpembranatakes advantage,ofdtangential fow gffests during
centrifugation. An angle greater than about 0 and less than about 5, preferably about 3, has been found to
be suitablen a The sidefparelseachyicludefonefermbie/draireholes 184 FED. 2)dhataate irvfiuid
communication with the retentate chamber 14 and enable filtrate to pass through the device housing for
collectiorsiplaribtherheusing. Eachdrain hole 18us greferatsy loeakedcat thedsottomof arespecdtive
underdraln groove or channel and is preferably substantially circular in cross-section. The drain holes
should b& fdtatéd a Stifficieht distance ffomahe side edyeS'oFthe parels 'sothat the HotéL aremot
constricted or otherwise deleteriously altered d%lrin a heat seal op@Satlon that can be used during

manufactt?€ of He deviee Prsterably’the drain Holes T8Rre &quallySpated fréM dne A76tharAnd are

co-linearg ;. .ple materials include acrylic, CYROLITE G20 HiFlo resin,

ESTAR HN631 resin and KRATON polymers. The side panels in
particular can be made of a clear plastic material which enables
an operator or user to see into the interior cavity of the device
so as to determine the fluid levels prior to, and after the
filtration process. The side panels each include an underdrain
support that supports the membrane and provides fluid
communication to the retentate chamber 14. For example, the
underdrain support can include a series of spaced longitudinal
grooves, channels, or surface textures that are located beneath
the membrane to capture filtrate as it passes through the
membrane and direct 1t towards the drain holes and into a

receiver vial. Each membrane is sealed to a respective side panel

17-



FIG. 4 shows the member 12 with a filtration device 50 positioned in place on the column 18 of the
member 12 in accordance with certain embodiments. The gasket 40 can be seen providing a sealing
Interface between the filtration device 50 and the flange 19 of the column 18. Preferably the stem 23 of
the member 12 is positioned to be within the deadstop volume of the filtration device 50, as discussed in
greater detail below. on1As seeniin FIG. & 1A @ccardaneehwittheertaswemnbadiments, ankeoptionak
assembly holder 60 can be provided where maintaining the member 12 attached to the filtration device 50
is a concermmundeérdhe centrifugat farees typidallyapplied to tHecassembly.dnekstainlembedinzents, the
holder 60 can be made of the same material as the member 12, and Includes a cylindrical top retention
sleeve 6ZBonRfigUred t6 receivecthe resebioiE4 of theymefber 125 A tepemhalsd flangeBléxtending
radically outwardly provides a seat for the annular flange 16 of the member 12. In accordance with certain
embodiments, theé bbftom 65 6fthe retertionsiéevd 62 i fristdiconidaliy shaped 6 e C&ive tHe  Similarly

shaped bo%togthof the 8[es rvoir 14, A c;enttrall I%cated a erturet int he bottom 63 Ieadsdtokan axiaﬂy
extendin& CWII’]Cﬁ’iC%P olamn 64’ h%ﬁinéna 58eS Thebore i& ghrape fo recdivetilfratioh dévice 50, such

that a lowiey pogtan of the filtation device Sarotrudes ayfall ut theogre (BIG: Bl o Togssemble the

components such as for centrifugation, the filtration device 50 e Inserted onto umn 18 of the

member 12 ;and, then.canbe nsgred-atodhe holder 60+ The gombination is thenplaced in-augn

conventional centrifuge tube 70 (e.g., 15 or 50 ml), having a outside diameter such that the flange 61 sits
on the topsurfaee of thestube 7B(RG. 6).LCap v2dhen can besscrewed onteithentuberof otherwise

connected to
fluid resistance be kept as low as possible.

Suitable membranes include microporous and ultraporous
membranes, the latter being useful for ultrafiltration.
Regenerated cellulose ultrafiltration membranes (e.g., "Ultracel
Amicon YM" and "Ultracel PL" membranes available from Millipore
Corporation of Bedford, Mass.) are well-suited for devices
targeted for concentrating or desalting extremely dilute or
hydrophobic sample liquids. The use of a hydrophilic membrane
having a "tight" microstructure promotes good retention with low
adsorption of protein, DNA, and other macromolecules.
Polyethersulfone ultrafiltration membranes (e.g., "Amicon PM" and
"Biomax PB" also available from Millipore Corporation), or other
like membrane having an "open" microstructure suitable for rapid
separation, are better-suited for devices targeted for

concentrating and desalting more concentrated sample liquids,

such as serum, plasma, and conditioned tissue culture.
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secure the assembly in the tube. Where the optional holder 60 is omitted, the flange 16 of the member 12
sits on the top surface of the tube 70. For most purification and IP protocols, the bind and wash steps
can be carried out with the filtration device detached from the column 22. The filtration device can then be
attached to the column 22 and proteins eluted directly from the device through centrifugation. For
depletion in which #ve-uabaunddractiomisithe-sample of Interest,ithe filtrationdevige can be lefthattached
to the column 22 from the beginning of the process. In certain embodiments, the media column 30
focuses thegqnedia,ipreferalsiy oeads,dntoree calomni muthrike acehromatograplyf calumndEhisareates a
packed bed in winch fluid is driven through the bed in a way that Increases the probability of interaction
between H#e maebilel(flow thkoughrand Skaticrfarys(adtial ph&ses) T his feadPimere efficientbifding,
washing and elution. Indeed, the number of wash and elution steps can be reduced from three to one
each, with thininh&IFor o binagSnlctibationtimetegGired. Récoveléd protein sHow Thcrdasedactivity
when onI% a %inagle conAce?tratio §teﬁ) 5 u(;ed. Wpen bindin (in_cubgtioriy ié desirable, thte_ frit 31 is
preferably%nhyr rgﬁhoblc it Winch inhibits §§ﬁl1pllegffc¥ﬁ?ﬁr rﬁgﬁ%he it ére%(f/ éfl%\?ﬁnglﬁpojf&gged
'“CUba“.OQa“é‘%?Sm%’PEB?Sﬂg'f%%%getg nitia J‘é%eF%Exﬁﬁﬁeﬁrﬁﬁdﬁmﬂ'éwg §¥ éocpi‘s‘?b&dﬁﬁ'a'
enable incubation of agarose in magnetic bead solutions without dripping, and when subjected to
centrifugal G-forces hetween about, 100,and about 700.G, allow passage of filtrate inta.the regeijyer tube.
Suitable materials Include case sintered polypropylene made by Porex Corporation, and a filament
extruded pelypropylene made-by Fijtramra Coppgratian thathasheenitreated avith.a surfaee coating such
as a fluorinated plasma treatment. Where no binding is desired, such as for buffer exchange and
concentration, th@mediaccan heremittect from the assemblynEhedilt (media retention siructure)ldso may
be omitted, but since it does not Interfere with buffer exchange, it may be left in the device, if desired.
The filmetFldWer pbrtiotof the Totumn22 allows! frestirbuffer Solution to'bé exchhrgederetefficiently
than conventional methods. Although the present Inventors are not to be bound by any theory, it is
believed ﬂ%ﬁ%ﬁctﬁnsaﬁgse@ﬁé@zedléfﬂtﬁéﬂﬁﬁBriﬁéipl%c? Thematched gedmetR Bétiednthe EXchange

column and the filtration device optimizes the flow of fresh buffer through the system, In accordance with
certain er%%ﬁdirﬁgr]i?s,eﬁe]fgféblﬁ e ﬁﬁ%@%ﬁ{etrﬁjﬁl\g’tﬁ%%ajoritg%? e ﬂﬁﬁ%é}él c \%fspi e inside the

filtration devi%e an feep the ple vol me near thergutle%hole 24, %i?nc the fresh buffer inside the
column 22 and- ﬁ]aé%sa‘\f’np eoiﬁgi%%gt]heaﬂ tra%or? de%\)/%%té)re in static eqﬂﬁl ilejﬁ"ltélafr?ng %Iéﬁftjerﬁégrﬁﬁ)rﬁ, as the

head height.of she fresh uffer, decreases s the yolume of sample Jeaving the systemy atany.given time is
small while there is a
cross-section. The drain holes should be located a sufficient
distance from the side edges of the panels so that the holes are
not constricted or otherwise deleteriously altered during a heat
seal operation that can be used during manufacture of the device.
Preferably the drain holes 18 are equally spaced from one another
and are co-linear.
FIG. 4 shows the member 12 with a filtration device 50
positioned in place on the column 18 of the member 12 in
accordance with certain embodiments. The gasket 40 can be seen

providing a sealing interface between the filtration device 50

and the flange 19 of the column 18. Preferably the stem 23 of
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large amount of fresh buffer flushing through.This leads to high efficiency. As can be seen in FIG. 10, the
offset "A" between the surface of the fin facing membrane 12A (and between the surface of the fin facing
membrane 12B) is greater than the offset "B" between the surface of the fin facing the surface of the
filtration device where no membrane is present (e.g., at 81A and 81B), so that the fin does not occlude
portions efibemembraneawhich gewd blockftow threughithermembraned brare embediment, the offset
"A" between the surface of the fin facing each membrane is from about 0.005 Inches to about 0.02
Inches, preferghly 0:020ilmches.vihesofiset "BE belweers thedsurfacerefeeach firefacing thelsurface of the
filtration device where no membrane is present is between about 0.020 Inches and about 0.005 Inches,
preferably abouf6.005%Aches. Optimally theranisiit ofsarmplevdliimess rfnimizsto@e optmize the

exchange rate) while optimizing the flow characteristics of the membrane. The geometry of the fin helps
locate thé fluidHetwBen the® aetire' dredOf theé miehbirafes ané T fifl Sahd"miHimiZed thé Aot of fluid

between inactive r%embr?ge reg%on%a d 1t:he firﬂl. fl addition, by posjtioni%%)the stem 23 in the dead
stop of the fiitratich deévice, IXi acfs e har?ce%, dedature fhdtized gabfrle%%ti is"avoided’ and ]a?ying out

of protein s prevanied as fesh buffes s always ayaliable.vis e pyfer exchangs colump Mo eficien

er solutions is achieved because a ¢ ormed in the fluid space of the

dead-stop volume.Wifilfin this contrgl volumg & steady:flowssystem exjsts Buffer selution. fram;the
reservoir 14 enters, and mixed solution exits through the drain holes 18. Wfilfin the control volume the
stream ofbufferisolutiensexiting thedipz3rcreates anc Mmaintains.ayvertex mixingiflow-iltisithis-wertex flow
that creates more efficient mixing of buffer solutions and sample fluids. As can be seen in FIG. 7, optimal
and efficieatbufteércexchangeds achieved whendhe tip 23:oktheexchange sleviceiis suibmefgechnearly to
the bottom (without contacting the bottom surface winch might occlude the exit hole and obstructing out
flow) of thesamplelvolumé compartiment efithé filtration device S0 diingreshtafugationtwardly

provides a seat for the annular flange 16 of the member 12. In
accordance with certain embodiments, the bottom 63 of the
retention sleeve 62 1s frusto-conically shaped to receive the
similarly shaped bottom of the reservoir 14. A centrally located
aperture in the Dbottom 63 1leads to an axially extending
cylindrical column 64 having a bore. The bore 1is shaped to
receive filtration device 50, such that a lower portion of the
filtration device 50 protrudes axially out the bore (FIG. 6).

To assemble the components such as for centrifugation, the
filtration device 50 can be inserted onto the column 18 of the
member 12, and then can be inserted into the holder 60. The
combination is then placed in a conventional centrifuge tube 70
(e.g., 15 or 50 ml), having a outside diameter such that the
flange 61 sits on the top surface of the tube 70 (FIG. 6). Cap

72 then can be screwed onto the tube or otherwise connected to
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In accordance with certain embodiments, there is additional benefit in being able to provide relative
movement between the tip 23 and the filtration device 50, such as by lifting the tip 23 of the exchange
device out of the sample during centrifugation once buffer exchange has been accomplished, as shown in
FIG. 8. This reduces potential sample loss due to the sample clinging to the outer and Inner surfaces of
the tip duetedhe surHace tension of the materials Kelative-movemens petweer thedipiard §lfration device
could be achieved by mechanical means such as a physical stop or by self actuating geometry subject to
centrifugahpressute gradientltarremove tipfengagemenbwith taptatedstarget th eptimijze saniplesecovery.
Including a retractable trip design such as that shown in FIG. 11 helps reduce the loss of sample solutions
that accupful&tecort-tHesinher wetted bore and exterior surface of the trip. Initially a concentrated protein

sample solution is already located at the bottom of the filtration device 50. Buffer exchange solutions are
added to the resetvoif"t4 AndPafowed T pass thrstigha fREMaRETE ind TS the-filtratio detAcs? During

centrifugal spin operations, the buffer exchange solution is now Into the filtration device 50 where mixing
oacurs. THIE TG BnbIeL 1@ SEH CONGoTatbrit oraita SARDIE B S BhGtect s heier Exthange

u

solution. When saiping ias been completed, M gpd pfhe tup 23 gy st extend atg th vojyme of the

concentrated sample. The small amount of sample that wicks Into the Inner bore of the distal end of the

trip and also coats the surtace of the; exterior wallof the trip-¢an be-gg much ag5,a18 taliy, The, most

successful mixing behavior occurs because the distal end of the trip is submerged Into the concentrated
sample velme-i fudne eption is¢a-perderm a secondaryspisningreperation toomave; this 5:fo0 6 pL loss
of solution. Mrs may Involve stopping the centrifuge and using a mechanical maintenance to lift the entire
reservoir out of thensdmpleovolumetkby agistancéof 000 neh 1 However; iusing assecondarylsyin is
undesirable. In contrast, a retractable trip design such as that shown in FIGS. 11-13 enables trips to
be drawrdlhte tHeesampletoturne duen 22 from the beginning of the process.

In certain embodiments, the media column 30 focuses the
media, preferably beads, into a column, much like a
chromatography column. This creates a packed bed in which fluid
is driven through the bed in a way that increases the probability
of interaction between the mobile (flow through) and stationary
(media) phases. This leads to more efficient binding, washing
and elution. Indeed, the number of wash and elution steps can be
reduced from three to one each, with minimal or no binding
(incubation) time required. Recovered protein shows increased
activity when only a single concentration step is used. When
binding (incubation) 1is desirable, the frit 31 is preferably a
hydrophobic frit, which inhibits sample flow through the frit,
thereby allowing prolonged incubation times until centrifuged to
initiate flow. For example, frits comprising hydrophobic material

enable incubation of agarose in magnetic bead solutions without
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to G-forces when the centrifuge ramps up to spinning speed, and to elastically withdraw from the sample
volume when the centrifuge spins down to zero speed. The G-forces pull the tip 23 into the bottom of the
sample volume of the filtration device 50, and promote the most effective mixing behavior that is needed
to achieve the most effective dilution of buffer solution in a single spin operation. After all the buffer
exchangeisolitiondas passedithseugh the deviee, the-redusedhyrdigstaticpressure andeedused G-force
during spin down causes the tip 23 to withdraw from the sample volume. The withdrawn tip enables any
residual ffuidurt the danexboresdfthe tig @nd the extérmal surfaceasd theftipfio lberpulted away. theFigure
11 exemplifies how a single piece reservoir 14 and tip 23 can be configured to have a shortened length
prior to spiAfEy and art Wittease fi iyt duringaspaining,Sn acdordartse withacertain €mbedigénts. The
elongation could be achieved by molding or otherwise forming one or more, e.g., one to five (three
shown), EBhVORHIONE GO ifRtd"d tinfed Wall porticnetarélastomet tiatdrial that'Gefines thé Eofiinn 22,
SO as to achjeve an afcordion-!filke conf%gﬁ[ation. One suitable materiahi)s injectior})molded siliconde, which
& 2089% Wi Y

can eIoné)é]te%)srl%ﬁgh B . ﬁgﬁr}rﬁﬁtugfﬁﬁ?%]fﬁetrlémta% Iea}:na}tléaﬁals ?na%/ I%%ﬁ%%e _
polyurethanes; agd oifier Inermaplastic slasipmers. and showld.nave.adeauate qu nonsperfig protein

binding performance. It greater stiffness is required in the reservoir portion of the device, elastomer

convolutigng 99 can be,over;mglded onta the end of-a pre-ralded, resepyeir made;fram polypropylene or
an equivalent material. Figure 12 shows an example of a more simple design wherein the column 22

Includes acstraight anditbinnedvealportion 9knThesmultipteceenvelutions have beenelifpinatedhtxom this
embodiment. The thinner wall allows the G-forces to extend the axial length of the column 22 during
centrifugation. Soitallezthinanalhthickmessesinclude) between abouti®=0kortotatzaist 01040 Inches:

Figure 13 shows an example of an over mold design. The cross-hatched reservoir is pre-molded. The
column 22tis dvesmoided oitorthereservolr Usingte framspareny or virtually ¢leae elastémen niaterial, such
as liquid injection molded (LIM) silicone, thermoplastic elastomer, or equivalent material. Suitable
materials“shoufE have neRSpegffic protein binding performance that would not compromise the recovery

of the sample proteins of Interest.
P pThe finned Eower portion of the column 22 allows fresh

buffer solution to be exchanged more efficiently than
conventional methods. Although the present inventors are not to
be bound by any theory, it is believed that it functions based on
a diafiltration principle. The matched geometry between the
exchange column and the filtration device optimizes the flow of
fresh Dbuffer through the system. In accordance with certain
embodiments, preferably the fin geometry fills the majority of
the unused cavity space inside the filtration device and keeps
the sample volume near the outlet hole 24. Since the fresh buffer
inside the column 22 and the sample inside the filtration device
are 1n static equilibrium during centrifugation, as the head
height of the fresh buffer decreases, the wvolume of sample

leaving the system at any given time is small while there is a
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In accordance with certain embodiments, the reduction of sample hold-up volume can be further
Improved by reducing the available wetted surface area of the external surface of the feeder tube column
22 and/or tip 23, such as by including a rough and more textured surface on the exterior surface of the
column and/or tip. This textured surface may consist of surface asperities (little bumps) that are at least
approximaelyd 0 pringiameter and-abboub 1@ pdlighe Mhesesyrface-asperities aan be meolded Inte a
device using a low surface energy material, such as polypropylene, polyethylene, PTFE or equivalent.
These aspegitiesciéateiz surface Aepographyothat significantly Féduces Surface avetting of the ‘teVice's
surface. Only the highest points of the asperities are wetted by the fluid stream and come Into contact
with the sEmpleduidtThe valléyser trdughsTermain drmvetted sirdbavered byl thimsbupdarieRiyer of
gas, winch in this case would typically be an-. This significantly reduces sample losses due to wetting
behavior tRydrSpRIIE BeRArhbNE TRiSAIsPSigRificaitly redliEes the) opportdhy fét Tossedhdttan occur

due to nons ecific protein hinding of Er?emgle f!fuids. Th combit}ation f low surface ener Y mategal and
at’

asperity Sur asc%tgeometr Forcrehte 'w S'KAGWIT as hetl%?us effect, WincH h& p% rédtce s?aemﬁle losses

associated with phifage hold up of fids, and.undesyiable bipding of Igw. gbypdat, hioh Interest protein

fractions. In cases where molding surface asperities Into a device may be too difficult or unfeasible,

the same_swyfages:;22 and,23:qould becoated yith aesilicon, solvent emylsiontoriinEHize the sydace

energy of the device, or could be plasma treated. Where further maximization of sample recovery
(particularlywith: high valuersamplelsplugiopskis desited tminimizingsampleslasses . due torholdrip

volumes and nonspecific protein binding is imperative. As the volumes of protein samples become

smaller, embodiment, the offset “A” between the surface of the fin facing
each membrane is from about 0.005 inches to about 0.02 inches,
preferably 0.020 inches. The offset “B” between the surface of
each fin facing the surface of the filtration device where no
membrane is present is between about 0.020 inches and about 0.005
inches, preferably about 0.005 inches. Optimally the amount of
sample volume 1is minimized (to optimize the exchange rate) while
optimizing the flow characteristics of the membrane. The geometry
of the fin helps locate the fluid between the active area of the
membranes and the fin, and minimizes the amount of fluid between
inactive membrane regions and the fin.

In addition, by positioning the stem 23 in the dead stop of
the filtration device, mixing 1is enhanced, denature induced
aggregation is avoided, and drying out of protein is prevented as
fresh buffer is always available via the buffer exchange column.

More efficient mixing of buffer solutions is achieved because a

control volume is formed in the fluid space of the dead-stop
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the undesirable losses of samples due to the hold-up wafilfin a device have Increased in Importance. In
accordance with certain embodiments, a diaphragm cap having a biasing member or diaphragm can be
Included in the device to rescue the loss of sample solutions that accumulate, such as on the wetted bore
of the feeder tube. For example, upon completion of centrifugation, small amounts of sample may wick
into the Innerhare ofithendistat end otthetfeedertubamkhis smal amount ef;samplear held-gp yolume
can be as much as 5 or 101. Some or all of this hold-up volume can be evacuated from the Inner bore of
the devicewyfactuating:thedriasingmemberrto createipressureirt thesdevaceland forde sometaraall of this
hold-up volume out of the device. FIGS. 15 and 16 show a diaphragm cap 300 that in certain
embodimenis-can-be affiked tprefetablyrhingediy td the réseRvoir/exeharyeepdber ARuPeeféfzdly the
diaphragm cap 300 does not Interfere with the device cap 72. In certain embodiments, the diaphragm cap
300 Includles $Perifiéter 301 d a Brasitig-Eyior 362 idtated Padially wardly fforf #& perifiteter 301.
The biasing ,region 302 is ste(gped down from thg perimetIer 301 via }slhoulder 303, anglllnclud S an
aperture 32010 Afibw ait tovescgﬁé IN¢Ertain emJDSHimenf:s, thé digpﬁFagr%Oc%%eébO IS 8gneFa @/ circular,
with the perimeter 3c?f}ot%ee'”9eaf%%@%§£“r}9i %ﬁf‘ﬁﬁﬁhecpfaswfr £gion é%sf&eﬂ%%fg“cg a%%%’&?‘i‘ ga
diameter corresponding to the Inner diameter of the Inlet (e.g., at the location of the flange 16) of the
sample rese(yoir 14 of the, member 12,,Sq dimensioning thg biasing region392 allows the, outer,
perimeter edge of the biasing region 302 to sealingly engage with the Inner wall of the member 12 as can
be seen iefdtmdde idn geHaembadimentshthedop surfacerof the flangen16 gkthedeseroir/exchange
member 12 Includes a cap-receiving portion 305, as shown in FIG. 18. The cap-receiving portion is axially
recessedsslightly fradn the aemainder of e top surface (©f thé dangechs, tandclnctydeha buttar:-306 that
extends upwardly beyond the remainder of the top surface of the flange 16. The button 306 corresponds
in shape toaf apertwei3ay intsperinvetér 801 ¢fthe eap BOG wiAcheapertaks 30T s formedinta
perimeter portion 308 that is axially recessed slightly (by the height of shoulders 311, 312) from the
remainde]??df‘fﬁe Feriméter SOTERIG. 16). Y'secoritPagertiii 318 §s définel radiany Hiardfi o the
perimeter portion 308 as shown in FIGS. 16 and 17. In certain embodiments, the top surface 316 of the
button 306°is Wiler thanthe Width 6r theaperture 307 (best seen in FIGS. 19 and 21), thereby inhibiting
the cap 300 from,nintended, dislodgement from the reservoirjexchande member 12, ;. The flange 16
also Includes a radia?lﬁl recessed region 307 that in shaped and posifioned to cooperate with an axially
extending, talp. 399 on the diaphragm;cap 300 Jpalloysthe cap:300:to spap 00fo thepember 12,.Thus,
when the diaphragm cap 300 is in the closed position as shown in FIG. 17, the axially extending

tip 23 and the filtration device 50, such as by lifting the tip
23 of the exchange device out of the sample during centrifugation
once buffer exchange has been accomplished, as shown in FIG. 8.
This reduces potential sample loss due to the sample clinging to
the outer and inner surfaces of the tip due to the surface
tension of the materials. Relative movement between the tip and
filtration device could be achieved by mechanical means such as a
physical stop or Dby self actuating geometry subject to
centrifugal pressure gradient to remove tip engagement with

captured target to optimize sample recovery.
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tab 309 is positioned in the recessed region 307 of the flange 16. In certain embodiments, the radially
recessed region 307 is positioned opposite the cap-receiving portion 305, and the axially extending tab
309 is similarly positioned opposite the perimeter portion 308. The tab 309 and recessed region 307
cooperate to enable single hand manipulation of the diaphragm cap. For example, the user can move the
diaphragm cap framitsiclagedspositionde itswpen positierewhie halding thesdevicer=phnbyplacing the top
of their thumb underneath the bottom free end of the tap and lifting it upwards until it releases from the
recessediregionl30AHIGS. 20cand:2 T Hiustratesthefdiaphragm eap 20iintize dpen pasitionin sheopen
position, the diaphragm cap 300 remains coupled to the flange 16 via button 306.The aperture 313
defines a¥adidlaxis aboetwirichtthe €ap30C can pivotdbetween the dpehositionfandiise closed
position, thus defining a living hinge. FIG. 22 shows an exploded view of an embodiment including a
larger filtéF sbéR 8% 15 miIilter S0L iR Helentbddifént sFaWR,1&h aS8emblyHblderis AotiifsedY although

one could be present. . . .
qoci%ed at the bottom of the filtration device 50. Buffer

exchange solutions are added to the reservoir 14 and allowed to
pass through a frit material and into the filtration device.
During centrifugal spin operations, the buffer exchange solution
is now into the filtration device 50 where mixing occurs. This
mixing enables the salt concentration proteins sample to be
diluted by the buffer exchange solution. When spinning has been
completed, the end of the tip 23 may still extend into the volume
of the concentrated sample. The small amount of sample that wicks
into the inner bore of the distal end of the tip and also coats
the surface of the exterior wall of the tip can be as much as 5
or 6 pL. The most successful mixing behavior occurs because the
distal end of the tip is submerged into the concentrated sample
volume.

One option is to perform a secondary spinning operation to
move this 5 to 6 plL loss of solution. This may involve stopping
the centrifuge and using a mechanical maintenance to 1lift the
entire reservoir out of the sample volume by a distance of 0.100
inch. However, using a secondary spin is undesirable.

In contrast, a retractable tip design such as that shown in

FIGS. 11-13 enables tips to be drawn into the sample volume due
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The biasing member or diaphragm 302 is made of a deformable flexible material, and thus easily can be
deflected axially, such as by the user's Index finger, when the diaphragm cap is in place in its closed
position. Actuating the member 302 in this way creates a force wifilfin the device winch evacuates hold-up
fluid in the Inner cavity of the feeder tube and distal tube and thus reduces or eliminates hold-up volume.
The diaphmgm-¢ap 360 allows foricentriugation ofdhe dayice assersbly withnamaithaus g theeaded cap
70 in place. The diaphragm or biasing member can be elastomeric or thermo-formed. Example 1 -
Affinity Depletiedastically withdraw from the sample volume when the

centrifuge spins down to zero speed. The G-forces pull the tip 23

into the bottom of the sample volume of the filtration device 50,

and promote the most effective mixing behavior that is needed to

achieve the most effective dilution of buffer solution in a

single spin operation. After all the buffer exchange solution has

passed through the device, the reduced hydrostatic pressure and

reduced G-force during spin down causes the tip 23 to withdraw

from the sample volume. The withdrawn tip enables any residual

fluid in the inner bore of the tip and the external surface of

the tip to be pulled away.

Figure 11 exemplifies how a single piece reservoir 14 and

tip 23 can be configured to have a shortened length prior to

spinning, and an increase in length during spinning, in

accordance with certain embodiments. The elongation could be

achieved by molding or otherwise forming one or more, e.g., one

to five (three shown), convolutions 90 into a thinned wall

portion of an elastomer material that defines the column 22, so

as to achieve an accordion-like configuration. One suitable

material is injection molded silicone, which can elongate as much

as 50% to 200% without rupturing. Other suitable materials may

include polyurethanes and other thermoplastic elastomers, and

should have adequate low nonspecific protein binding performance.
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In this protocol, the major contaminants of the sample are selectively bound to the media while the
components of Interest remain in solution. Upon completion of the binding step, the solution is harvested
for further analysis. Beads that bind both album= and IgG are added to the fully assembled bind,
wash, elute and concentrate (BWEC) device (e.g., FIG. 9. A serum sample is then added and allowed to
Interact with thertveagscaineh then selestively semeve the album= aad g drom the sample-by adsorbing
them onto the surface of the beads via interaction with immobilized anti-albumin antibody and immobilized
protein At Aftedtheiineubatiomnsstepethecheadslareisepar&eddrom ltike anboundt components inltlke liquid
by centrifugation. The beads are held back by the frut in the BWEC device while the solution containing
the analyteslandblomaikers 6flhtsrest passestoithe alratfber belbw PrHatchamber itay Simphibe the
test tube or it may be a filtration device such as an Amicon Ultra-0.5 centrifugal filtration unit, winch
provides B! bERdfit thaftheProtetn blomarkers in the sample may be concentrated in the same

centrifugal step as the be:-lu% removal. This is esrg)elciall Pignificant for affinit%ndgpletion as serum samples
typically require a 20 fold di utlsonopv)qrfor“i‘(r)1 bedd ifcubation because the afbum="and %IEB 'E“E)ht?er rerhoved are

at very high conesniation and need jo goniacta lge volume of beads o efisct camplels erggval. Once

the abundant proteins are removed from t iluted samples, the remaining targe Interest typically

need to bg.concentated; Thus.thecoypling of the head remayal/separation, and samplgconcgniation
steps reduces the required handling in the workflow. Example 2 - Affinity Purification Set forth here=

is a typicahexampleof howaffinityrbeads-are used to purify anranatyte of iterest Inthis eases the beads
are used to selectively bind the target, the contaminants are washed away and then the analyte of
Interest is.eluiéd fremdhe beadstiyechamgingithé bufferrsystemientrifugation.  Suitable
thin wall thicknesses include between about 0.015 to about 0.040
inches.

Figure 13 shows an example of an over mold design. The
cross-hatched reservoir is pre-molded. The column 22 1is over-
molded onto the reservoir using a transparent or virtually clear
elastomer material, such as 1liquid injection molded (LIM)
silicone, thermoplastic elastomer, or equivalent material.
Suitable materials should have non-specific protein binding
performance that would not compromise the recovery of the sample
proteins of interest.

In accordance with certain embodiments, the reduction of
sample hold-up volume can be further improved by reducing the
available wetted surface area of the external surface of the
feeder tube column 22 and/or tip 23, such as by including a rough

and more textured surface on the exterior surface of the column

and/or tip. This textured surface may consist of surface
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Immobilized metal affinity chromatography (IMAC) beads which are charged with copper are loaded into
the BWEC device along with a sample that contains a fusion protein linked to the 6X His affinity
purification tag. It is the 6X His tag that is known to bind to the copper charged IMAC beads (a.k.a. his tag
beads). Once binding is complete, the device is centrifuged to remove the contaminants that remain in
solution while-thedheads @retetaineshhy the fritan the-deviee.1Eies beads mayibe:washed with additional
loading buffer to obtain a cleaner purification. However, the initial separation and washes are done
without tlei filtratiom device @ogruwitidut an Amicon Ultras:5 mhdéwice) angbtheiunbound solutien and
washes are collected as waste in the bottom of the centrifuge tube. Once the washes are complete, the
filtration deVicke (.0 am AmitoniJkralG.5rdevice) 937attacHet ® thevudlét bRt BWEC deviceand an

elution buffer which dissociates the target from the beads is added. The purified target is then collected
and concentrARIINthE Hiftratioh devidey A Singfe SBin Wittt teGUififd additioR&l trarstér $teps.

Example 3 - Buffer Exchanége Examples 1%an % otnly take agvanta ¢ of the pead handlir}%
functionaﬁﬁ/ec?fttﬁe BWEE 48ViCe. NOW dé8&Hbed id'the butfaF &xd Ca‘?‘nnge é/apﬁﬁl |f§/(.:fﬁtrasﬁ1ffra 101 devices

h I ] f h . This i lish ' ' le (e.0.
ave °“%§]§5%090H§|e§0£0r@% CHEXH caé‘gg n!gll'?ﬂ% 8890;]8%&%/ eg,by ?&;?%%%Cﬁ t;ﬁ:&%@ the sample (e.g

10 fold fro wn to 50 pl) and the uting with the'new bu e original volume. In a

single step,this-would.give fise, o raughly.a 10, fold- oy, 99%huffer exchange. £ bis s typically insufficient
with an optima on the order of a 99.9% buffer exchange, which would require three separate spins with a
typical ultrafiltratien devieg stich asithe Amisonddltra+0s5 sleviceo kurberraere; if anesweneto simply dilute
covered by a thin boundary layer of gas, which in this case would
typically be air. This significantly reduces sample losses due to
wetting behavior (hydrophobic behavior). This also significantly
reduces the opportunity for losses that can occur due to non-
specific protein binding of sample fluids. The combination of low
surface energy material and asperity surface geometry of create
what 1s known as the lotus effect, which helps reduce sample
losses associated with surface hold up of fluids, and undesirable
binding of low abundant, high interest protein fractions.
In cases where molding surface asperities into a device may
be too difficult or unfeasible, the same surfaces 22 and 23 could
be coated with a silicon solvent emulsion to minimize the surface
energy of the device, or could be plasma treated.
Where further maximization of sample recovery (particularly
with high wvalue sample solutions) 1s desired, minimizing sample
losses due to hold up volumes and nonspecific protein binding is

imperative. As the volumes of protein samples become smaller,
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the sample with the full volume, 1.5 ml in this example, in a single spin, it would not be as effective
(96.7%) as three spins at 0.5 ml each (99.9%). Although 96.7% may seem to be close to 99.9%, there is
Indeed 33 times more remaining buffer in the sample winch was exchange to 96.7%. The key to a
successful single spin is to meter the new buffer into the sample slowly with mixing rather than a single
large dilutina. unAeprotein/RNA sample contaiing azktdejoresome other undesiralle hufferier salt is first
added to the fully assembled device (BWEC plus the filtration device, e.g., an Amicon Ultra-0.5). It is then
centrifugeldandeoncentrated toe56 el Next, Infp mi of theenew bufferds added<o thetdevicerard it is
centrifuged again. The device slowly meters the new buffer into the sample and flushes out the old
undesirableldnsferseavingahé tonbemedted sample imtheendw beiffer Exemsie 40rCombiiatipminAffinity

Purification with Buffer Exchange ~ Where an affinity purified or depleted sample also requires buffer
exchangé faddftion f&-dotitentration, this nay be"SccdmpliSREF BT linhply cdfbining the S5 6f

purification \ﬁ/it@ buffer e>i<}:hange. IMAC beads are loaded int(% }tlhe BWEtC ?I%e\g')ce alongfwitr&}a sample
that cont&ins 4 fusion pFo gin liRkET T the6x III§.U(5nceanS|nd?ﬁlg is cSm[VﬂSF -the device is Centri ﬁged to

removet@%&8@¥nnqﬁwg% For example, upon completion of centrifugation,
small amounts of sample may wick into the inner bore of the
distal end of the feeder tube. This small amount of sample or
hold-up volume can be as much as 5 or 10ul. Some or all of this
hold-up volume can be evacuated from the inner bore of the device
by actuating the biasing member to create pressure in the device
and force some or all of this hold-up volume out of the device.
FIGS. 15 and 16 show a diaphragm cap 300 that in certain
embodiments can be affixed, preferably hingedly, to the
reservoir/exchange member 12. Preferably the diaphragm cap 300
does not interfere with the device cap 72. In certain
embodiments, the diaphragm cap 300 includes a perimeter 301 and a
biasing region 302 located radially inwardly from the perimeter
301. The biasing region 302 is stepped down from the perimeter
301 via shoulder 303, and includes an aperture 320 to allow air
to escape. In certain embodiments, the diaphragm cap 300 is
generally circular, with the perimeter 301 being an annular ring,
and the biasing region also being circular and having a diameter
corresponding to the inner diameter of the inlet (e.g., at the

location of the flange 16) of the sample reservoir 14 of the
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that remain in solution while the beads are retained by the frit in the device. The beads may be washed
with additional loading buffer to get a cleaner purification. Once the washes are complete, the filtration
device (e.g., an Amicon Ultra-0.5 device) is attached to the outlet of the BWEC device and an elution
buffer which dissociates the target from the beads is added. The purified target is then collected and
concentrateddn thefiltration deviee ifsa single;spimwitheut requijringeagditionaldransfer steps. tiaeremove
imidazole, which is typically used in the elution buffer, one may add 1.5 ml of PBS to the device and spin
again. TheuRPBS witkhave=ne impadten the beads and sicenersacthe #BS Will beoslovdy mieteried into the
previously eluted sample, flushing out the imidazole, replacing it with PBS. Example 5 - Hold-up Volumes
Hold-up voldmegs weté evalligted Withbint-wask-elutéconeenthste (BWEST) devitePandsdiaphragm caps.
The devices were pre-washed with 1.5 ml BSA (1 mg/ml PBS) at 4000 xg for 2 minutes, and then 0.5 m|
BSA (1 nig/f P]B_S') was added to each of the devices after assembling with a 0.5 pm filter device

(AMICON ULTRA 0.5 m| 10K, avagila le from ENDhMiIIigore Cogpforation i:fotllgwe é¥ centr'ifgga';jﬁon for 15
minutes at 4000 )?g.cl’enretﬁ&lﬁupe UERMESWer cardiiat %Ipnys\ﬁeigﬁf differenceéof thé dévVices before and

after actuaing (e diaphyag, The (gaulia grsshop i I, 45, and demanstiate that atuation of the
diaphragm results in the recovery of more than 1.5 pl o samp?e compared to no diaphragm. Example 6
305, as shown in FIG. 18. The cap-receiving portion is axially
recessed slightly from the remainder of the top surface of the
flange 16, and includes a button 306 that extends upwardly beyond
the remainder of the top surface of the flange 16. The button
306 corresponds in shape to an aperture 307 in the perimeter 301
of the cap 300, which aperture 307 1is formed in a perimeter
portion 308 that is axially recessed slightly (by the height of
shoulders 311, 312) from the remainder of the perimeter 301 (FIG.
16). A second aperture 313 is defined radially inwardly from the
perimeter portion 308 as shown in FIGS. 16 and 17. In certain
embodiments, the top surface 316 of the button 306 is wider than
the width of the aperture 307 (best seen in FIGS. 19 and 21),
thereby inhibiting the cap 300 from unintended dislodgement from
the reservoir/exchange member 12.

The flange 16 also includes a radially recessed region 307
that in shaped and positioned to cooperate with an axially
extending tab 309 on the diaphragm cap 300, to allow the cap 300
to snap onto the member 12. Thus, when the diaphragm cap 300 is

in the closed position as shown in FIG. 17, the axially extending
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Bind-wash-elute (BWE) devices were evaluated on buffer exchange. 50 pl of 10 mM lIris, pH 7.5, 1 M
NaCl was distributed to a filter device (AMICON ULTRA 0.5 ml 10K, available from END Millipore
Corporation) and assembled into exchange tubes and centrifuged at 4000 xg for 15 minutes after adding
1.5 ml of 10 mM lIris, pH 7.5 to the exchange tube. The retentates were collected by reverse spin for 2
minutes at=000xg andl the fnakvolume wasadiusted-tos 501 plwith 36 M trise Eonductivities yvere
measured after adding 4.9 ml Milli-Q water. For the 3-spin control, buffer exchange was carried out by
three consecutivenwashesawith 8ol ikl&n 27, shiows thatibiadwasheekites performedequivalentsto the
3-spin method despite only a single spin. What is claimed Ts: 1. Asamplepreparationdevice,comprisinga
reservoirkxehange Arembeiraing a sanfple Feserveircd volughn estending axially fromrsaid rdservoir,
and an outlet spaced from and in fluid communication with said sample reservoir, and a filtration device
attached & $aitt résé&ribreRéRangeFRemBer, <aid filtratibh tevic® eomptisify’a MR dHdimber Sone or

more spaced membranes seafingly positioned between said sample reservoir and said filtrate mber, a
retentate Chamber defiri ﬁ)g]f glooe%d-g%ogzp‘volur%eebelgéjbsa%gr%er’r?tgr(gners,ev%ﬁgr%?ngsaiaggtjrecfgfsa{%hﬁ

reservoiriexchange memper g positioned in,said dead SR YOINME: ; on of the diaphragm
cap. For example, the user can move the diaphragm cap from its
closed position to its open position while holding the device
simply by placing the top of their thumb underneath the bottom
free end of the tap and lifting it upwards until it releases from
the recessed region 307.

FIGS. 20 and 21 illustrate the diaphragm cap 20 in the open
position. In the open position, the diaphragm cap 300 remains
coupled to the flange 16 wvia button 306. The aperture 313
defines a radial axis about which the cap 300 can pivot between
the open position and the closed position, thus defining a living
hinge. FIG. 22 shows an exploded view of an embodiment including
a larger filter, such as a 15 ml filter 50'. In the embodiment
shown, an assembly holder is not wused, although one could be
present.

The biasing member or diaphragm 302 is made of a deformable
flexible material, and thus easily can be deflected axially, such
as by the user’s index finger, when the diaphragm cap is in place
in its closed position. Actuating the member 302 in this way

creates a force within the device which evacuates hold-up fluid
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2. The sample preparation device of claim 1, further comprising an assembly holder comprising a
retention sleeve configured to receive said sample reservoir and an aperture leading to an axially
extending column having a bore shaped to said filtration device. 3. The sample preparation device of
claim 1, wherein said outlet comprises an aperture on a stem extending axially from said column. 4. The
sample preparationi deviee ebelairy 3owhenein said stem ts:agallhextendable andiexiadly seteactable
wfilfin said dead stop volume. 5. The sample preparation device of la= 4, wherein said stem is fixed at
one end by Saideresenvoirlandi.cemprsésan elastoménoeermolded portion that is axially extendable and
axially retractable within said dead stop volume. 6. The sample preparation device of claim 4, wherein
said stem compfis€s oheagrmemconvalutions thatlallowsit té be axialy-exténdableend atiallykétractable

within said dead stop volume. . .
device assembly with or without the threaded cap 70 in place.

The diaphragm or biasing member can be elastomeric or

thermo-formed.

Example 1 - Affinity Depletion

In this protocol, the major contaminants of the sample are
selectively bound to the media while the components of interest
remain 1in solution. Upon completion of the binding step, the
solution is harvested for further analysis.

Beads that bind both albumin and IgG are added to the fully
assembled bind, wash, elute and concentrate (BWEC) device (e.qg.,
FIG. 9. A serum sample is then added and allowed to interact with
the beads which then selectively remove the albumin and IgG from
the sample by adsorbing them onto the surface of the beads via
interaction with immobilized anti-albumin antibody and immobilized
protein A. After the incubation step, the beads are separated from
the unbound components in the liquid by centrifugation. The beads
are held back by the frit in the BWEC device while the solution
containing the analytes and biomarkers of interest passes to the
chamber below. That chamber may simply be the test tube or it may

be a filtration device such as an Amicon Ultra-0.5 centrifugal
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7. The sample preparation device of claim 1, wherein filtration device comprises two spaced membranes,
and has a volume between said spaced membranes, and wherein said column comprises a chamber
shaped to occupy said volume such that said chamber is offset from each of said membranes. 8. The
sample preparation device of claim 5, wherein said chamber of said column tapers radially Inwardly
towards said otilet.ch Thersample preparatiop-gevice ot elaimdls further cemprisingha diaphragim cap

comprising a biasing member positioned in said reservoir/exchange member. 10. The sample preparation
device oficlaima tkwherein saidt¢alumpaomprisesachromatograplye medid.etl. The sanigle peeparation
device of claim 1, wherein said column comprises a frnt.
centrifugal step as the bead removal. This 1is especially
significant for affinity depletion as serum samples typically
require a 10 fold dilution prior to bead incubation because the
albumin and IgG to be removed are at very high concentration and
need to contact a large volume of beads to effect complete removal.
Once the abundant proteins are removed from the diluted samples,
the remaining targets of interest typically need to Dbe
concentrated. Thus the coupling of the bead removal/separation and

sample concentration steps reduces the required handling in the

workflow.

Example 2 - Affinity Purification

Set forth herein is a typical example of how affinity beads
are used to purify an analyte of interest. In this case, the beads
are used to selectively bind the target, the contaminants are
washed away and then the analyte of interest is eluted from the
beads by changing the buffer system.

Immobilized metal affinity chromatography (IMAC) beads which
are charged with copper are loaded into the BWEC device along with
a sample that contains a fusion protein 1linked to the 6X His
affinity purification tag. It is the 6X His tag that is known to
bind to the copper charged IMAC beads (a.k.a. his tag beads). Once

binding 1is complete, the device 1is centrifuged to remove the
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12. The sample preparation device of claim 11, wherein said frit comprises hydrophobic material. 13. A
method of sample preparation, comprising providing a samplepreparationdevicecomprisinga
reservoir/exchange member having a sample reservoir, a column extending axially from said reservoir,
said column containing media, and an outlet spaced from and in fluid communication with said sample
reservoir-and afiltratior deviee attaghed to said seserveir/exsharge memberdsaid fitration-device
comprising a filtrate chamber, one or more spaced membranes sealilgly positioned between said sample
reservoirtandtsaid filtiate ichamiserdaretentateltlrarmberdefiringleedeadistap volume Below sakll
membranes; selectively binding a target to said media, washing said sample bound to said media to
remove coptahirantsy afdeluting saitlaargeefropd saitemedia intoisaid fiftration device By appliying
centrifugal force in a single step. 14. The method of claim 10, further comprising providing a biasing

member iif'<didFésefrdirexdiaiye AEMbER A reduidng ¥R holdilp Yolumé st said Sakfpte #said

device by moving said biasing member axially. . ,
%ev1cé; (e.g., %ué%out an yAmlcon Ultra-0.5 ml device) and the

unbound solution and washes are collected as waste in the bottom of
the centrifuge tube. Once the washes are complete, the filtration
device (e.g., an Amicon Ultra-0.5 device) is attached to the outlet
of the BWEC device and an elution buffer which dissociates the
target from the beads 1is added. The purified target 1is then
collected and concentrated in the filtration device in a single

spin without requiring additional transfer steps.

Example 3 - Buffer Exchange

Examples 1 and 2 only take advantage of the bead handling

functionality of the BWEC device. Now described is the buffer
exchange capability. Ultra filtration devices have long been used
for buffer exchange. This is accomplished by simply concentrating

the sample (e.g. 10 fold from 500 pl down to 50 pl) and then
diluting with the new buffer back to the original volume. In a
single step this would give rise to roughly a 10 fold or 90% buffer
exchange. This 1is typically insufficient with an optima on the
order of a 99.9% buffer exchange, which would require three
separate spins with a typical ultrafiltration device such as the

Amicon Ultra-0.5 device. Furthermore, if one were to simply dilute
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the sample with the full volume, 1.5 ml in this example, in a
single spin, it would not be as effective (96.7%) as three spins at
0.5 ml each (99.9%). Although 96.7% may seem to be close to 99.9%,
there is indeed 33 times more remaining buffer in the sample which
was exchange to 96.7%. The key to a successful single spin is to
meter the new buffer into the sample slowly with mixing rather than

a single large dilution.

A protein/DNA sample containing azide or some other
undesirable buffer or salt is first added to the fully assembled
device (BWEC plus the filtration device, e.g., an Amicon Ultra-
0.5). It is then centrifuged and concentrated to 50 ul. Next, 1.5
ml of the new buffer is added to the device and it is centrifuged
again. The device slowly meters the new buffer into the sample and
flushes out the old undesirable buffer, leaving the concentrated

sample in the new buffer.

Example 4 - Combination Affinity Purification with Buffer Exchange

Where an affinity purified or depleted sample also requires
buffer exchange in addition to concentration, this may be
accomplished by simply combining the steps of purification with
buffer exchange.

IMAC beads are loaded into the BWEC device along with a sample
that contains a fusion protein linked to the 6X His. Once binding

is complete, the device is centrifuged to remove the contaminants
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that remain in solution while the beads are retained by the frit in
the device. The beads may be washed with additional loading buffer
to get a cleaner purification. Once the washes are complete, the
filtration device (e.g., an Amicon Ultra-0.5 device) is attached to
the outlet of the BWEC device and an elution buffer which
dissociates the target from the beads is added. The purified
target is then collected and concentrated in the filtration device
in a single spin without requiring additional transfer steps. To
remove imidazole, which is typically used in the elution buffer,
one may add 1.5 ml of PBS to the device and spin again. The PBS
will have no impact on the beads and vice versa. The PBS will be
slowly metered into the previously eluted sample, flushing out the

imidazole, replacing it with PBS.

Example 5 — Hold-up Volumes

Hold-up volumes were evaluated with bind-wash-elute-
concentrate (BWEC) devices and diaphragm caps. The devices were
pre-washed with 1.5 ml BSA (1 mg/ml PBS) at 4000 xg for 2
minutes, and then 0.5 ml BSA (1 mg/ml PBS) was added to each of
the devices after assembling with a 0.5 pum filter device (AMICON
ULTRA 0.5 ml 10K, available from EMD Millipore Corporation),
followed by centrifugation for 15 minutes at 4000 xg. The hold-
up volumes were calculated by weight difference of the devices
before and after actuating the diaphragm. The results are shown

in FIG. 26, and demonstrate that actuation of the diaphragm
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results in the recovery of more than 1.5 pl of sample compared to

no diaphragm.

Example 6

Bind-wash-elute (BWE) devices were evaluated on buffer
exchange. 50 pl of 10 mM Tris, pH 7.5, 1 M NaCl was distributed
to a filter device (AMICON ULTRA 0.5 ml 10K, available from EMD
Millipore Corporation) and assembled into exchange tubes and
centrifuged at 4000 xg for 15 minutes after adding 1.5 ml of 10
mM Tris, pH 7.5 to the exchange tube. The retentates were
collected by reverse spin for 2 minutes at 1000 xg and the final
volume was adjusted to 100 pl with 10 mM Tris. Conductivities
were measured after adding 4.9 ml Milli-Q water. For the 3-spin
control, buffer exchange was carried out by three consecutive
washes with 0.5 ml. FIG. 27 shows that bind-wash-elute performed

equivalent to the 3-spin method despite only a single spin.
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What is claimed is:

1. A sample preparation device, comprising a
reservoir/exchange member having a sample reservoir, a
column extending axially from said reservoir, and an
outlet spaced from and in fluid communication with said
sample reservoir, and a filtration device attached to
said reservoir/exchange member, said filtration device
comprising a filtrate chamber, one or more spaced
membranes sealingly positioned between said sample
reservoir and said filtrate chamber, a retentate
chamber defining a dead-stop volume Dbelow said
membranes, wherein said outlet of said
reservoir/exchange member 1is positioned in said dead
stop volume.

2. The sample preparation device of c¢laim 1, further
comprising an assembly holder comprising a retention
sleeve configured to receive said sample reservoir and
an aperture leading to an axially extending column
having a bore shaped to said filtration device.

3. The sample preparation device of claim 1, wherein said
outlet comprises an aperture on a stem extending
axially from said column.

4. The sample preparation device of claim 3, wherein said
stem 1is axially extendable and axially retractable

within said dead stop volume.
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10.

11.

The sample preparation device of claim 4, wherein said
stem 1is fixed at one end by said reservoir and
comprises an elastomer overmolded portion that 1is
axially extendable and axially retractable within said
dead stop volume.

The sample preparation device of claim 4, wherein said
stem comprises one or more convolutions that allow it
to be axially extendable and axially retractable within
said dead stop volume.

The sample preparation device of claim 1, wherein
filtration device comprises two spaced membranes, and
has a volume between said spaced membranes, and wherein
said column comprises a chamber shaped to occupy said
volume such that said chamber is offset from each of
said membranes.

The sample preparation device of claim 5, wherein said
chamber of said column tapers radially inwardly towards
said outlet.

The sample preparation device of c¢laim 1, further
comprising a diaphragm cap comprising a biasing member
positioned in said reservoir/exchange member.

The sample preparation device of claim 1, wherein said
column comprises chromatography media.

The sample preparation device of claim 1, wherein said

column comprises a frit.
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12.

13.

14.

The sample preparation device of claim 11, wherein said
frit comprises hydrophobic material.

A method of sample preparation, comprising providing a
sample preparation device comprising a
reservoir/exchange member having a sample reservoir, a
column extending axially from said reservoir, said
column containing media, and an outlet spaced from and
in fluid communication with said sample reservoir, and
a filtration device attached to said reservoir/exchange
member, said filtration device comprising a filtrate
chamber, one Or more spaced membranes sealingly
positioned Dbetween said sample reservoir and said
filtrate chamber, a retentate chamber defining a dead-
stop volume below said membranes; selectively binding a
target to said media, washing said sample bound to said
media to remove contaminants, and eluting said target
from said media into said filtration device by applying
centrifugal force in a single step.

The method of claim 10, further comprising providing a
biasing member in said reservoir/exchange member, and
reducing any hold-up volume of said sample in said device

by moving said biasing member axially.
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