CAP FI LTRATI ON TOOL AND TRANSFER SYSTEM BACKGROUND 100011Thi s net hod and
apparatus are particularly useful for inproving the extraction of products
fromextra cellular and intra cellular growmh, especially for inproving the
extraction efficiency as to tinme and as to the quantity of materi al
recovered. Various cells are grown in gromh nedia with cellular products
being extracted for use in various applications. Referring to Fig. 1, cells
may be grown in containers having vari ous shapes, with cells conmonly grown
inagromh flask o Q= r e rowh nmedia 12 and
cellular materi al %Agéik&ﬁ% ﬁ@e m‘i“‘#%ﬁ[ﬁgg@%@“descri bed in U S
Patent No. 7,381,559. If extra cellular growth is used the nedia 12 is
selected to extract products 38 o(\é\g(ﬁ%j?@g@ excreted through the cellular
wal s and into the nedia or othe ted through the cellular walls
and into the nedia, with subsequent pr ocesses separ ati ng the extracted
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ot her contaigﬁg i nclude the caps disclosed in U S. Patent No. 7,998, 730 and
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Filtering seeks to separate the larger particles of the growh nedia and
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to-20% Of;e éeg?reé)pro lljjc% toI bsé slelg)asfgted proxtnhtkg mfeldgatag[l ruspttL?rgd cells in later processing. For
either form of cellular growth, the process can be lengthy and result in product loss.
[0002] Still referring to Fig. 1, when growth is complete the fluid in the growth flask 10 is
typically decanted into a storage container 14, sealed with cap 15 and can be stored until a
sufficient quantity is collected for processing if the time permits, or if time is of the essence
the fluid may be further processed immediately. Exemplary prior art means for transferring
the contents of the flask 10 to a storage container or other container include the caps disclosed
in U.S. Patent No. 7,998,730 and 7,709,251
[0003] In decanting from the growth flask 10 to the storage container 14, the fluid may be
transferred with or without filtering. The filtering seeks to separate the larger particles of the
growth media and cells from the desired products and dissolved growth media which are
smaller in size and pass through the filter. But some product is held by the filter or held by

the debris collected on the upstream surface of the filter so that product is lost in the transfer.

Typically, from about up t0-20% of the product is lost in this filter step.



[ 0004] The material in the Storage container 14, or fromthe growh flask
10, is ultimately placed in a centrifuge container 16 which uses
centrifugal force fromcentrifuge 18 to separate the heavier cellular
structures and larger particulate growmh nmedia fromthe desired product and
di ssol ved grom h nedia. The supernatant is renoved fromthe centrifuge
container 16 into a vacuumfilter transfer flask 20. Because sone of the
product remains in the centrifuged cells and debris, about up to about 20%
of the product is typically lost in the centrifuge separation. The vacuum
filter tlPAOHF er The materiolgn pizgssterageeqntaingrt 4 f&ﬁ’éﬁher&jo‘f’ﬁlaﬂas%éﬂﬂéé{%“q%y a
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(0007] An enabling cap and filtration assenbly tool is provided that allows
for maxim zing the purified material fromcellular cultures and permts
reduci ng the nunber of steps in the traditional purification process. The
cap and filtration assenbly tool may include a cap that is placed on the
neck of a container within which the product, cells, cell fragnents and
grom h nedia are contained. The cap has a recess containing a porous frit
and a graded porosity filter located so fluid fromthe container nust pass
through the frit and filter and out a spout on thc p. The filter or05|ty
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filter assenbly | ocated therebet ARMt er assenmbly includes a filter
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[ 0010] The I ocking ring may have at |east one annular rib around a periphery
of the locking ring and | ocated to abut an upstream surface of' the filter
during use. The cap may have at | east one annular rib around a periphery of
the cap and |l ocated to abut a downstream surface of the filter during use.
The ribs force fluid through the filter and help prevent fluid flow around
the outer periphery of the filter. Advantageously the filter assenbly is
press fit into a cylindrical recess in the cap formed by a cylindrical
sidcwall of the cap so as to seal the outer periphery of the assenbly to
the cap BwHigater prlyme by Bed cpmmynicAiguyhkh thsspgytiof e capapbliltepssgmblintpotne
peri pher : ﬁﬁgﬁy i 1163l : erably | ocated
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cont ai net0088] t hén map detail, hererie pdneatagé@astygmeddedn ¢dpend bifftmiterercduosfierlabl vy,
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pore spaci ng that decreases in_the downstreamdirection of fluid flow
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advant ageetsihy 1R &eeid ahd ahl WrderComuey atbAM WeldiB, sdosirfidib@pt lag GRIgM. A
vacuum port downstream of the filter assenbliwgay optionally be used in
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. . . . . o e
or der t othigspinythe diieggian iof dlopr Wsayaat cloggine. A dinghe gesonPailpfery alifieng use

or the c AR r L.oN At . er t is
or e | AR s R BRI Qhe: MRASHAT | oo d BOMERUML R e
port coubdwbe thkgoed:s.support hed theufrd. cBrn&ttis oealdetonderhoukieg purfivid dawison

col um apd tH ca .(éOOlB%Th filters are preferably selected to pass
product LS gheaf?‘lﬁﬁ'? Qs lt?)\gi‘”_gi% “¥rom 10,000 to 3,000,000 MV and nore
pref erabjapodjo passurpeoittioNaen@p das®hegWpahinyek@hding (o0 gahRetapl @0k 250 MV
The filters and frit are selected to not iny pass product of the

vent tube connected to the portion of the cap defining the vent opening. The vent tube has a

length selected to extend into an empty space (ullage) of the container when the container is

inverted so that product flows from the container through the cap and filter step reduction

tool. The vent opening may take the form of a tubular fitting extending from opposing

surfaces of the cap. The vent tube avoids bubbles and thus not only prevents agitation of the

contents during filtering but speeds up fluid flow. The potential damage to cells arising from

the passage of bubbles should not be taken lightly. See, Y. Chisti, Animal-cell damage in

sparged bioreactors, Tibtech, Oct. 2000, Vol. 18, at pages 420-432 describes the mechanisms

of cell damage from sparging bubbles in bioreactors. Further, a source of positive pressure
may be placed in fluid communication with the vent opening so as to provide a positive
pressure to the inside of the container during use of the cap and filter step reduction tool,

thereby forcing fluid through the filter at a predetermined pressure.



desired size or nolecular weight, but the filters are selected to be thick
enough that they do not clog as the container is enptied. Thus, |arger
capacity containers may be larger sized filters, either in filter area
(e.g., dianmeter) or depth or high binding capacity filters. The cap and
filter step reduction tool may be used to filter various products,

i ncludi ng products fromany living cells, including mammalian cells or
insect cells. [0014] There is also provided a nethod of separating product
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urification chromatography colum. [00161There is al so

t hr ough
advant ag@@fggq 9f the B0 aewnla rephary abds Berfilisy heysifiefofrein? sehiel Msiiongi ng a
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extend into ul age of the contai ner en'the container is inverted so
product diteoiasn of fluid flow during use.

[0012] The filtered product flowing out the outlet of the cap is advantageously placed in
fluid communication with a purification column. A vacuum port downstream of the filter
assembly may optionally be used in order to apply a negative pressure to the fluid in the
container during use of the cap and filter step reduction tool. Preferably, the vacuum port is
formed in the cap on the downstream side of the filter assembly, but the port could be placed
in the fluid connection between the purification column and the cap.

[0013] The filters are preferably selected to pass product having a molecular weight from
10,000 to 3,000,000 MW, and more preferably to pass product having a molecular weight
from about 100-150 MW. The filters and frit are selected to not only pass product of the

desired size or molecular weight, but the filters are selected to be thick enough that they do



fromthe container through the cap. The filter assenbly used in the kit

i ncl udes several parts, including a filter housing having a porous support
with a rimaround a periphery of the porous support and a filter fitting
within that rimand having a snmall pore size sufficiently large to pass the
product through the filter while retaining the debris and optionally sone
gromh nedia. The filter may be a graded porosity filter. The filter
assenbly may al so include a locking ring urging a periphery of the filter

agai nst an outer portion of the filter and a frit located to place t he
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particles may be restrained from passage by the frit. The product thus passing through a cap

outlet that is located downstream of the filter assembly. The method may also optionally
include passing gas through a vent tube that is in fluid communication with ullage of the
container located above the filter assembly.

[0015] In further variations, the step of passing gas through the vent tube applies positive
pressure to the ullage of the container, or it may include applying a negative pressure
downstream of the filter assembly to draw product through the filter assembly. The method
may also include passing the product through a purification chromatography column.

[0016] There is also advantageously provided a for transferring fluid from a container
having a neck defining an opening to the container where the container contains a product
excreted externally of living cells that were contained in a growth media within the container.
The container contains fragments of those cells. The product is small, having a size measured
by molecular weight. The kit includes a cap having a first portion configured to cover the
opening of the container, an outlet and a filter assembly located there between. The cap has a
vent opening extending through the cap. A vent tube is provided having a first end configured
to be connected to the portion of the cap defining the vent opening. The vent tube has a length

selected to extend into ullage of the container when the container is inverted so product flows



[0021] Fig.3 is an expl oded perspective view of the cap and filter step
reduction tool of Fig. 2; [0022]Fig. 4 is a partial cross-sectional view of
the cap and filter step reduction tool of Figs. 2 and 3 connected to a
purification colum; 10023]Fig. 5 is a partial cross-sectional view of the
cap and filter step reduction tool of Figs. 2 and 3 connected to a
purification colum, with vacuumports on the cap and fluid transfer tubes;
and [0024]Fig. 6 is a partial cross-sectional vieM/of the cap and filter
step reduction tool of Figs. 2 and 3 connected to Eurlflcatlon col um,
with t heterefie qoneeeshreuss thesandel heffilker gesgmby ysed Hgthe it includes several parts,

including a filter housing having a porous support with a rim around a periphery of the porous
support and a filter fitting within that rim and having a small pore size sufficiently large to
pass the product through the filter while retaining the debris and optionally some growth
media. The filter may be a graded porosity filter. The filter assembly may also include a
locking ring urging a periphery of the filter against an outer portion of the filter and a frit
located to place the filter between the porous support and the frit. The frit and locking ring
are sealed to each other and to the filter housing so that fluid flows through the frit and then
through the filter and out the cap outlet during use.

[0017] In further variations, the kit may include any of the above features described
herein for use with the cap and filter assembly tool to transfer the product to the purification
column. These features may include a first fluid transfer tube having one end configured to
be connected to the outlet of the cap and a fluid flow control valve configured to be placed in
fluid communication with the first tube either directly or thréugh intervening fluid
connections. These features may further include a second tube having a first end configured
to be placed in fluid communication with a downstream end of the valve either directly or
through intervening fluid connections, and having a second end configured to connect to one

of a Luer lock or an inlet of a purification column.
BRIEF DESCRIPTION OF THE DRAWINGS

[0018] These and other features and advantages of the various embodiments disclosed
herein will be better understood with respect to the following description and drawings, in
which like numbers refer to like parts throughout, and in which:

[0019] Fig. 1 is a flow schematic of a processing sequence of the prior art;

[0020] Fig. 2 is a cross-sectional view of a cap and filter step reduction tool;

[0021] Fig.3 is an exploded perspective view of the cap and filter step reduction tool of
Fig. 2;

[0022] Fig. 4 is a partial cross-sectional view of the cap and filter step reduction tool of

Figs. 2 and 3 connected to a purification column;



DETAI LED DESCRI PTI ON 100251Referring to Figs. 2-4, a cap 30 is provided for
a container 32 such as a growh flask 10, into which growh nedia 12 is

pl aced along with cells 36 for cellular growh. The cells and nedia are
selected for intracellular growth of products 38 or extracellular growth of
products 38. The products 38 are smaller than the cells 36 and usually
smal l er than the growh nedia 12. The cellular material 36 may include

m crobial, manmalian, insect or other living cells fromwhich products 38
may be nade internal, to the cells or excreted externally IIIustratlve
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with the cap 30 fastening to the neck 40. In the ilfustrated enbodlnent
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surface 45. A stepped boss 48 extends fromthe first top 45 away from but

t he flrsf‘P%p surface 45. The boss 48 has a sidcwall 46 with a second top
surface 50 enclosed by the sidewal|l 46. The siciewall 46- is preferably
cylindrical but other shapesIE%D$HﬂyéD@§§3{Pﬁﬂgh%econd top surface 50 nay

have vari shap i.s shown with an annul ar surface_50 parallel
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52, such that the cap 30 directs fluid to the inside of the boss formed by
si dewal | celig anduinediatatresclegdrfedingaeelatse eBavtbiof prodieig 3¢ haextracdiudartzsnehdfand
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cylindrical flange 44. The cap 30 has a vent flttlng 58 extendi ng through
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fitting ais outside e cap vent |tt|ng b is inside the cap.
The fitUBhgﬁbB&@gagﬁbnmnmUpgdﬁeﬂhuayoahhgm@deaf@mgMahmdﬂMmgpé#@ﬁH&kmpo t he
| ongi tu ngh outlet fitting 54. Afilter (not

I n
shown) qg %ﬁﬁ%ﬂ?iﬁgﬁﬁé?V%t8ﬁﬁ a4 H“?g the vent fitting to avoid introducing
cont am raode}. 10R28dpTBE@ hhdh €TrbiOfop SUFh&CHS Gfiththe flahgs 14 tomesuafrace dhberi s

opti Onalplexpce?;]folf %1%{ ?l?rfe;[c(e) 4r5e(54elst\é§ped boss 48 extends from the first top 45 away from but
the first top surface 45. The boss 48 has a sidewall 46 with a second top surface 50 enclosed
by the sidewall 46. The sidewall 46-is preferably cylindrical but other shapes could be used.
The second top surface 50 may have various shapes but is shown with an annular surface 50
parallel to first top surface 45. An inclined, preferably conical surface 52 extending therefrom.
A tubular outlet fitting 54 extends from the conical surface 52, such that the cap 30 directs
fluid to the inside of the boss formed by sidewall 46, with the tapered surface 52 directing that
fluid toward and through the tubular outlet fitting 54 that is preferably offset from a
longitudinal axis parallel to the outlet fitting 54 but through the center of the cap 30 and its

skirt or flange 44. The exterior surface of the outlet fitting 54 may have one or more recesses

56 (Fig. 2) to receive annular seals, such as O-ring seals, D-ring seals, etc.



an annul ar sealing ring 62 (Fig. 2). The depicted sealing ring 62 has a
rectangul ar cross-section, but other shapes can be used. An annul ar
projection 64 extends fromthe interior face of top surface 45 so the
sealing ring 62 abuts the projection 64. Alip on the neck 40 of the
contai ner 32 abuts the sealing ring 62 to provide a fluid tight seal
between the cap 30 and the container 32 during use, with the projection 64
hel ping to restrain novenent and expansion of the sealing ring 62 to
inmprove that fluid tight seal. The vent fittings 58a, 58b are preferably
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ter assembly that includes a filter housing 70 with one or more fltens 74 hel(} in the housing
by lock ring 72, and a frit 76 upstream of the filter assembly. As used herein, the relative

terms upstream and downstream refer to the direction relative to a fluid flow from the



[0031] The filter 74 is held in the housing by a retaining part which takes
the formof an annular retaining ring 72 when the filter 74 is a planar
filter or sheet. If the filter 74 is formed of |oose granules then the
retaining part will conprise a porous support simlar to support 80, with
openings sized to retain the lilter material. The termretaining | ock ring
72 will be used to refer to either the annul ar construction or the porous
support construction unless noted otherw se. [0032] The retaining ring 72
has a periphery configured to formsnap fit connection with the sidewal |
78. Advapanériessusity thetveifigitivawalumnzy, duyniiese Shiseldter apmasares andsuethecedhbaci ng
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proj ections that seal against the filter 74 to prevent fluid from passing
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frit
advantageously obtained by press fitting the filter housing 78 and frit 76 into the recess

formed by the sidewall 46 of the cap 30, but other sealing means can be used, including
adhesives, melting, of sealing rings interposed between the parts. Further, the lock ring 72
and frit 76 are advantageously sized relative to each other so the ring 72 abuts the frit 76 to
form a fluid tight seal around a periphery of the frit.

[0031] The filter 74 is held in the housing by a retaining part which takes the form of an
annular retaining ring 72 when the filter 74 is a planar filter or sheet. If the filter 74 is formed
of loose granules then the retaining part will comprise a porous support similar to support 80,
with openings sized to retain the filter material. The term retaining lock ring 72 will be used
to refer to either the annular construction or the porous support construction unless noted
otherwise.

[0032] The retaining ring 72 has a periphery configured to form snap fit connection with
the sidewall 78. Advantageously, the sidewall 78 may be shaped to have a surface facing the
ring 72 which surface is inclined so as to retain the retaining ring 72 and form a snap fit
connection. An inclination of about 5 degrees is believed suitable. Alternatively, a slight

projection can on the edge of the sidewall 78 may be used to form a snap-fit connection

-10-



about 1/16 to 1/2 inch thick is believed suitable, but the thickness wll
vary with the specific use. The frit 76 is preferably selected to be stiff
enough to prevent the filter housing 70 from- buckling and form ng an

i nconplete seal with the inside of sidewall 46 and/or the inside of annul ar
surface 50. The housing 70, filter 74, retaining nmenber or ring 78 and fit
76 forma filter assenbly 88 (Fig. 3) with is held in the cap 30,
preferably by being press fit into the cyIindricaI recess fornmed by
sidewal | 46. The filter assenbly 88 nmay retained by other nechani sns, such
as snap Patviegs, the pidewels 78 ged STerfﬁEai%‘Fﬁ BRS AAtRPIdsT & h@@ ¢he mts tppgihardusiggenbl y
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parti cul @iwatpawo e &IMBLAed o Meeptbtesipbort 88. TRt tdefferdft ShapdHedemayfki ci ent
| arge to pass the product 38 and sufficiently small to retain the cells 36,

cel | frd@@énts and | arger partlcles of gromﬁh media 12. A single graded
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di fferen rosity or05| ters
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t oget her . 36] The or05|t h filter 74 w W th use he pore
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filters auula) poBvs The Ths beussr Too&leicHimmsnnipsyacebes of 1i8g 38 apd ity iprm pom
about 10FIFQI %Es%ﬂ]%i)’a§§ (IE Q 3) with is held in the cap 30, preferably by being press fit into the

cylindrical recess formed by sidewall 46. The filter assembly 88 may retained by other
mechanisms, such as snap rings, threads, deformation of materials, etc. The filter assembly 88
may be removably retained in the cap 30, or permanently fastened thereto as by a tight
interference fit between one of the frit 76 or housing 70 and the adjacent sidewall 46.

[0035] The filter 70 may comprise one or more separate filters, but preferably has less
than about 10 filters. Filters 74 of polypropylene, nitro cellular material, PVDF,
polytetrafluoroethylene, Nylon, glass or glass fibers are believed suitable. Preferably, multiple
filters are used with each filter being of a different porosity and with the larger porosity filter
located upstream and the smaller porosity filter located downstream so as to provide a graded
porosity filter with the pore size or interstitial spacing between parts of the filter decreasing in

the direction of flow. Fig. 2 shows two filters, 74a, 74b, with filter 74a being the downstream



.2 mcroneters, but during processing the cell walls are ruptured
intentionally or accidentally so as to generate snaller-sized cell wall
fragnents which nmust be renoved fromthe product 38. The products 38 may
advant ageously sorted or filtered by nol ecul ar weight. Thus, for exanple,
filters 74 suitable for separating product 38 conprising proteins wll
accommodat e passage of' nol ecul es of about 100,000 to 3,000,000 MW while
filters 74 suitable for separating products 38 conprising peptides or am no
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a suffli Cf'il?e'?t74ym+>hb§lﬁsgd' o Er% 1GAAT 58 find TRASHYT eﬁxédnl%\}trtﬁffgleﬁteﬁérbgf} HafayfbleOW) o
as to prevent clogging he preci se area and ness wll vary with t

type of qubctUtrtgetBBr and veedlls pB8®sitnVidtkrsgdhyingndl ffwienthparhstyy dhngeney ohall pore

cont ai ner. c% ‘iﬁ/\f mhnes t he vol une of product passing through the
filter and” IP?){ eﬁﬁ EMO8E1 Y he porosity may affect the purity of filtered

product [B8363i nCEhespdSYas@ebf te mw Passl vhryowgh JsheThHd pork si&saire pidférably74 of
t he pores are large _enough relative to the debris sjize. Furthggi‘ filters

and frits eétF%t%%}{OVYwﬁH@‘%Qfﬁh%ﬁéE? perierds Slele SeRlaiaco” AU Ageiay S deblher e i s
some varat i @y &dek ahd@edy hitd nH%EBH: AhUhbRY thr[s@@s%g,] daBh QEORIth %Qxe@rf‘dab gye a
larger filter area the neck 40 and opening of the container 32 may be

i ncr easedd/oaliltowi’dg a | ar ger cap and filter step reduction tool 88 within

t he Caprﬁ&% ABUt I%ehs(:’fzevgfnmostt% rﬁ &y@ 5536trﬁ% \f/ rll tﬁ%r*n %‘at ﬁq_hqtlcr]z)ﬁlgﬁ}s to .

occupyi e entire area W the cap axi s 60
of the QPJtrﬂlebrrﬁ&rs bumdrmgtprddemngﬂhe cbldmgllt an(dlrnahxeaxmsmmGnather eapdedbullgnd its
skirt or flan e 44, g?%lon i i S referab i tudi nal

d| “a%l axi s\’gﬁ he Iong
axi s of PEEESTEEHE PR oll vl Tragients WHeP w6 emoXed By By PrOBR her |
the ventzgl ifid RHEdRSs liap%H@ante@godégQﬁorfeHbﬁ AR rdArbyamB RS b we.gaf ePRU ort Ube
(not shown) connected to the outside of the tube so a slight space is left

bet ween axh@plgefitiers Upeuitablefod senneatgigduodicl 38 ompritimg prosdies yil] preemitiidets t he
filt | di
| er 31%?5% 0¥ r&%eéﬁes\%}ﬁﬁ [O%%g] 1]15323 gg@@%ms&i% drgnﬁl gl.l]?a\g!jergﬂ'ﬂe ra

12 are dina cont al her r sul
t enper atsapaeatmgdplodm 38 ednemamrug peptideo nmeminal acodsndil it aoonlsntodateamjecmesl dful ar

growt h and ctl Sir u 38 h

ext r a- céPPY| lé);adllg(l) lﬁdfgffﬁsc?f%‘gtagg fg&ﬁ éfaé‘ ﬂoé%‘:tlsﬁg C@pr ’§m§é’p|’q“7t o the
surr ounclmmgact:érﬂmddmm@eoa?es@f abSuteX hilifeh e WoYo ¢hemiifal 81 W noft fledsargaamdi ng
fluid nmedia 12. For inter cellular gromh the product 38 renains inside the

cel I's uridPyt WAVLOOIMY- Qils Wy drve FYe leresr e@iqtionaln gokeelar uptelisedVitiis for
exarrpl € tp(ys§21¥ e@gt e}ngllcEf@BﬁﬁQr 17*4["?1/_11](1 vLu?e ep@r?cﬁﬁgml Xh@gﬁcffﬁeﬂoﬁ@c@tﬁ%g 1f58 the

cont ai ner y screwing the cap onto the threaded neck
form ng alsskvelamglem)lncgﬂztrovengm ocent afi melecule associated with that specific product 38.

[0038] To increase the capacity of the fluid and product 38 that may pass through the
filter 74 and frit 78 before clogging reduces the flow to an unacceptable extent, it is desirable
to have a large area of the filter and frit and, for depth filters, to have a sufficiently thick filter
and frit (measured in the direction of flow) so as to prevent clogging. The precise area and

thickness will vary with the type of product 38 and cells 36 involved, and with the volume of
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100411The container 32 and cap 30 are then tipped to pour the container
contents through the cap and its filter assenbly 88. The frit 76 bl ocks

| arger particles, with the filter 84 blocking smaller particles while
allowing the product 38 to pass. The frit 76 and filter 74 are configured
to all ow passage of the product 38 while blocking the |arger particles so
as to separate out the larger particles of nedia 12, cells 36 and cel
fragnents. The porous support 80 hel ps support the filter 74 during use

wi th the openings 82 allow ng passage of the product 38. The product 38 is
di r ect edhe coripigeTolR which fdetermings 8w yoyumaef plﬁé@r:tmsungstﬂz.rougaolaﬁnﬁE@*eaéldsfrly, t he
filter asselr J i : . b "

cont ai ney T30t B R R UL P grEh T YRRy Sn CRE BB PRS e
frit 88 throughehd ififitt €8 o7 4iltewhiil f tht ifokesparodarge rgowgh efdtivaentthe dalbras ficng

hi ghly r roduct 38. and | ow or ng content. of unwanted material, such as
debr1 % Oarba TGt Vinar "o pugenty S R gl i o) b s Bpaing™ !
[ 0042] Thenkaprigtnadvmptiagegushyfab@sn@ vent tube 66 selected to be |ong
enough to reach the ullage of the container as fluid flows through cap 30.

The cont/8P3r s Boorderdopghypyea [ayeer fidgs 2163 BoReeiut9 arst oreniiectAbfocopdaings g2
cont ai nerﬁ%gg% irﬁréai;éQiDQFﬂO\Lﬂ%Qg%Fg%r t:glﬁalﬁpﬁft@iWregﬁgﬁog%ﬁbﬁvﬁitﬁiheﬁh@% 3§, the

fluid flo oward the ca and the air noves toward what used to be the
bot t om dButtthevandhibaidB erevent¢ire filter apd fititdrove pc@Pying the gnpiedareh vitbimgheskitthe .
vent tub enters t ai.r-filled e d.allo i . er- . he ullage
bet ween ?ﬂéq@%% aﬁ%@%q@%ﬁP%ﬁé8¥%ﬁ8uﬁﬁgﬁd% ﬁ%ﬁfg § g% gW%gyﬁgk(&ﬁ$%%pis now
above t I gaipits3dkirt A Flavgengt. allie toagiihdimil taRisaidgih pidieabignhe tanpudtal alxisovs

several advantages. Little fluid will flow o f rigid wall ed contai ner
unl ess t'REEST f%ith?r) 0oss dfefilite 7&%@‘8@&8%91“552*58- ?u&%el‘a?eaw%? gmgo{&%v 8¢ f1 ow
through h8QeMeMe 40168 PGiBlel pRRBLASHOWIPEIRIVIMIbETERASS tHeWudigoft the tideui d

medi a and can not only agitate the nedia and cells but can generate further

cel | fr agrretight sppee igllefbbeiveondicivent wbs pdanhide sidepll 4 of theirgcashindughicbhe cap

30 and fltthn reby allowing filtering wwth the generation of
f ewer cgﬁ%hﬁégﬁﬁéﬁ¥%gggﬁﬂ%%gTis. It further allows filtering of debris and

separ at i [6040f t meuspy ibduelis BBandhgrawsh ngtlia 12tep platdibmebgrontt comdiyersi2omdeni ng
time significantly, but inproving the yield by elimnating several process
St eps USRS Hattsrngrols FmrerE i el et gRU BRI RATETGR VBRC ¢ ube
66 is prefignaowtf hld SO8EHOR o8BS RIFNVIROBS BICARTGS R exirebBued delar e
entering thc container 32, or the gas may be provided froma source known

to free B¢ Prdntasinarracd fronan) gdls 3040 tiresuyentding flvideediply is's spEstado air,
as the P& B2 [ - PQUL; L fibul f,,0Ute. L 34 and, Lhs.cagt | et
fitti ng°‘§2§@s‘3@%§§ﬁﬁ’ﬁ§*“¥{§§’pﬁn HedPRia 12 g(gblg{eéé:gg‘#%a%ﬁat Fud ey f 1 ow
out the remainsfindidd thg &8s vas! hamyesaing, adethich omad thel aglldwaist acimpiutade af f@e end

of the vent be 66 as.the cgntajner is tjipped. A renpovable cap 90 ig. 2)
may ¢ husBrl e haga” onie Fe SReat PF dSrbbBREE g BEEYoReTs EORARE Shaor
the ventprbfenglyabd scRGHEE thd1@apy @ntoTeheOthréddud theelnt4®r fongirgheheOpeingf toeeheend of

the vent tube 66. Once the container 32 is tipped and the free end of the
vent tubF€"B8f's in the enpty space between the container bottom and the

];)lp'ltj: gnialn[()bm CORk Al MelinerBRGAd LRSI 6 AR () dF¥%d REpSBIRVEM taikh €ofdRs BRod
the cap and its filter assembly 88. The frit 76 blocks larger particles, with the filter 84
blocking smaller particles while allowing the product 38 to pass. The frit 76 and filter 74 are
configured to allow passage of the product 38 while blocking the larger particles so as to
separate out the larger particles of media 12, cells 36 and cell fragments. The porous support

80 helps support the filter 74 during use with the openings 82 allowing passage of the product
38. The product 38 is directed toward outlet fitting 54 by inclined wall 52. Advantageously,
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[0044] Further, referring to Figs 4-6, by applying positive pressure to the
vent fitting 58, a positive pressure can be provided in the air space

bet ween the container and the fluid inside the container so as to force the
cont ai ner contents through the cap 30, filter assenbly 88 and outl et
fitting 54. A Filter (not shown) is advantageously provi ded between the
source of positive pressure and the ullage in the container 32 so as to
prevent contam nants fromentering the container, or a gas source known to
be free of contam nants may be used. If the positive pressure is applied by
hand, a %yrfilisgesstinbtye$8 fragoniguigd ed thas the entirdeontents of dlae egntaingy Fhway dat ai ner
32 through. t vent - H8. osj-tive ail pressur r i.de of
the f11tBrouElt, B8 Rl B PR £8P AT PubP Th BT 2L
assenbl ypr88udirgsireeffluthienetinidgihighigrpurepuwdiadstane 16w e nd copreaceaswahed

contents of the container 2 and separate out the product. 38. hand
squeezed™BEIY S5 4 s 6%?'“‘?‘%8?'3&?@82‘%}“8?%8&lé‘if,e‘ g@éﬁ\"ﬂ?saf?fdﬂ%%@e of bel | ows
nmay be umegjmanyaé bap 1PadRaRUEERsIDPREE b WV tIFESSIRted tOBERMg cABYEhBRetRh! Y
generated pressure source nmay be used. Likew se, other sources of positive
pr essur ethpajfaggeoftleerpntainge putividdloarsithiougipeap Warlthe qoyaisees? eed wpicilheemgases
or ot herz(ﬂé@%%%u OPE&'H%QEQS ﬁl%r&%l%éhgf %2 isat%eé’wﬁ%c&ﬂé cFRURG S 1 RYabBE: theed.

y, bu al'ly, the anmount o

[ 0045] Pref erab t option positive pressure nay be
cont r ol | eg 38otht Hlatd fidves owesistie eapdifemdniag aif moee thivarddvitahued ghbe the bbitdrher

assenbly so f.ast at it causes,further, an cce bl ner,ati.on of
Gobr s, o gohiRe | WISk felso SRHRE A ot SORAlIET FER R B IB oquc
38, or sliddagphcd datallotvs @xcoedtr ifteulRiko det@es BlRadhiaihed torl@Msid @ambitom
conponents, such as purification colums. Thus, a pressure regul ator,

pr essur eofghgeontypeipyviigh ifr v pbavedhe g HayAHewiaarade dlodt Yrougpdiomnt Bivsl 1y be

provi dedgsq £)oflsWi Gk SIORIMR i @0e Wh ld\w NGO wS B 8 1 Hid RARLS LRI R R BRYYE feand

bRt
the vent inlet fitting SQ%E [0046] Optionally, and referring to Fig. 5 a
cap 30 h@wid nglunac isueploosdt b dasrmyctbes aised tayviappiryloay Hegeghi e vontesibevé or

suction to .the d strream si de o he filter assenbl . th dr,awi ng
it oo r ubne RS MAE SN BFu ) el R AE Ta T e b USRS, o

fluid anglipmaduat g38@rdie dmteeicaly fehgaants) Nt @lsb hdlowaduumspobtheB Mlowaotbaiitll e 96
is interposed between the paort 94 and the fluid fl ow path al on ich fluid
exits frOMERETRPOBANT SO NS 5&&?@@@ tietpmgligmne Wﬁgﬁ‘ﬁé&lﬂ?t{f’g Og?%%%‘ur eis
sel ect ed.c§q;, H@Ew%ﬁ@d@&ﬁQQtﬁhh&ﬁﬁ%h&¥n@3n§8ﬁﬁ%HkB&f&ﬂm&ﬁ&i&%ﬁéﬁ@@&ﬁ3@he

force exerted by the vacuumport, allowing the, filtered fluid to flow out
t he out |iata fingleisieg, §¥reby 1G0TV THertORInE ditmef JignifiepgtiBAbyraPEY iNgnthe | yigld by

comuni cati.on. W th [ vices, 4 ncludi | ui t al . er
processﬁ%@“@%ﬁ%ﬁﬁ%ﬁ%ﬁmﬁé¥gF%ﬁ%&“@d“ﬁ%b@?%g¥%?T%%%}gh P§t£¥?ﬁ%ﬁﬁg&§§&gf cap
30 i s corneabeds iopefelahsfildred omaeetaoy cdiiinseatk nrgeyoengadgoragnaribhithe
recesses 56.or seals within recess ;6 to provide a fluid tight connection.
The conrfSBEGIT 160 Sy TEOYi a8 30dse i BditRel FuE B gt ner type of

| ocki ng pem)ect gecaudhtheCRANARINGI584Q0 op@stcRaifliaStRd ceslnaM I2hisaigpaPes géur
flanged end that is sealingly connected to valve 102 of first tubular

connect ofuid @4@thecpp BB apd iy eullgrAitiag Shesomeyiltig prayomics dhuynabibs Gpaangdehat

manual , : [ Le. Malv | 8y | L tl |1
el SO Cy MPATRY e YELY5 08 e ey gpurchaina e
vacuum pent tudd 6fraythbeoprowi deigpliet Aveanovahk capp0 igat)dmahehup be ipfdvedetlioon

lum 26 in ord . the fluid and t 58 t h the filt.
aesonol yrasnerrgtons Wit bl b 0T GRS oL el LNl b ¢ e

val ve 1Qieridtthd bpo bk cReof MeatRAuBNGOt DAt PRICOAaDEr BAKEIPpES afWhe free

connection. Baffles 96 (not shown in Fig. 5, are provided as needed.
end of the vent tube 66 1s in the empty space between the container bottom and the fluid in the

a

container, then the cap 90 may be removed. The cap 90 is optional.



[ 0048] An optional step-down connector 108 is connected to the downstream
end of valve 102 by second tubul ar connector 104b. A further and optional
st ep-down connector 110 having a Luer lock fitting nay be connected to the
downstream end of the connector 108 by third tubular connector 104c. ' The
Luer lock fitting 110 connects to the inlet fitting 112 of further
purification devices, such as a chromatography colum or purification
colum 26. The purification colum 26 is shown with a tubul ar body
containzgﬁ medi a 114 and outlet 116 through which the Purified product 38
f1 ows. din 28Uty toberEng oddgs LhrbyraRp oG IZ9EY ve Brese toboxat fiHings¥, 2t he

cont ai neg, gt el feLARRES bgﬁf(jv%dqf?mt ﬁpgpa@eeb@lw(egmme%mm@# mmvthg f@w' hdRke

support frane) SO the contents o e container 32 are forced by gravity
and/ or pthessuni@ef sooam tb ree 86 dohrapieghorttéres fhirdugbrthasmpeithiticB8&sonbly 8 80,
through outlet fiffing 54. The valve 102 requlates. flow and preferably
o ap ustillst St &1 ORTig: hghii o EEE R ARl e R REReBSF For o
st ep- doWhosaRRNGEsGFcSank0fhe ik@e GRNhOCHthiGert BB b lagitd ovunecbhtaninahtst fiemcap
outlet 54 to the inlet fitting 112 of the Furificatlon colum 26. The

I

filter agueshe sBasrpoes2asHEUGAkantRE MelrpsofsaniAdnanty Yoy dpuicti 4 8§ of
media 12_ih:.a Si i hits Bt i it ides| g ed,i ct 38
(ot he  pRiTR LRk s Aol B LA, M el el B e o e e o

t ubes, widnkaindn82dlmougnthzéenteffovTregpasitivbiaindiresgurany ter awtraamrsidic & drediiltaswant ed

particles t ovi,de hi ghl urified 0 8 f of
purifi cat¥y Oblé%?lﬁ)weﬁé}?e @H%¥h6§‘%%hft¥‘%8a ppr o%]gjgﬁ %eégssfr ?gﬁlﬁ%]%sgg%ﬁ&{é&k?%
EO!|ecteﬂﬁﬁ@ﬁ%ﬂwﬁhﬁﬁﬁ)mﬁﬁm§ﬂﬁkmﬂahkeﬁtMi&huﬁM£2HQHUE@Hméohhﬁepr@ﬂm03&38
eing produced within the container 32. [0050] By using a filtration
assenbl yAdBnha¢YssEehbUbAF ddctipyvt.dpclyfing AT Ao BOTORASY P&QW%;F*&&&&

por osi ty,dek |rﬁa%ﬁal?ﬁ10hﬁl‘9\ﬂd@b&¢ﬁ%tprg@b{re.bQnd@ﬂ,ea@fnflzirﬁhl%n%é_rﬁéra‘@&p@%@tjﬁ%oﬁfc@m t he

unwant ed debris within the container 32 in a single filtration step. By

sel ecti ngay heugsdr ddkavismpthehgourdes peposiivetsespars snyrtusehdn@vdagizt P38Pand by
T e T
and transferdsteps which |ose about up to 20% of product with each step.
grog\?wl]h-rgﬁ)g::lgl tr %Eelfgrgblg/,l lgrL'lst ovl\ontilorllallg/?{ e e},rmngumt top Sos?t?\;eu;grgssg}ce rtnta]ye b rcgrgtycﬁfed?’s% and
that the pressure does not force fluid through the filter assembly 88 so fast that it causes
further and unacceptable generation of debris, or so that it causes an unacceptable reduction in
purity of product 38, or so fast that it exceeds the binding capacity of downstream
components, such as purification columns. Thus, a pressure regulator, pressure gage, or
pressure limiter 92 may advantageously, but optionally be provided in fluid communication
with the source of positive pressure and the vent inlet fitting 58a.
[0046] Optionally, and referring to Fig. 5, a cap 30 having vacuum port 94 may be used to
apply a negative pressure or suction to the downstream side of the filter assembly 88, thus
drawing fluid through the filter assembly 88 faster. In order to prevent filtered fluid and
product 38 from being drawn into the vacuum port 94, a baffle 96 is interposed between the
port 94 and the fluid flow path along which fluid exits from the filter 74 toward outlet fitting
54. The negative pressure is selected so that the force of gravity on the filtered fluid exceeds

the force exerted by the vacuum port, allowing the filtered fluid to flow out the outlet fitting

54.
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12, but a filtration tinme of about 3 hours (w thout positive pressure

t hrough tube 66) for a 2-5 liter contai ner 32 hol ding about one liter of
grow h nmedia (e-coli) and product (plasm d+) has been achieved, using a 2.5
inch (63cn) diameter filter 74 and 1/8 inch (.3cm. [0052]This filtration
process and nethod are believed applicable to containers 32 of various
sizes. Current growmh containers vary fromabout 1 mlliliter to 200
liters, with the growh nedia typically filling from 20-60% of the
container volune. But the filter assenbly 88 and cap 30 nmay be configured
as needel®0#d acdbenmmodeit &ttingr Pbusaycbatiai Aeidscammeycaing whhpesiougrigvices,

accomod .G or positiv ess.: Y / i g Qor )

i ough. eme e JRA® Agthfi S lop RERY bk M R g e BhRRA e S L BE ML e
88, a si fipihg 5t ed capiiak abrgcics t@retbabddcdnaectarsi®Oispalinigly dnighgingtiithrresmsiehod
provided_py use of .the cap. The prior art nethod required grow ng the
product %@XH fealRhp @%@S&?&Fﬂ ﬁ’ioﬁlﬂgf‘g]iuﬁjetr‘gg’t §‘?‘,neﬁté°élaﬁﬁigr‘f§miel‘i@gIlﬁwmege,ra@%’ oring
it for binkrRECS€SFIdBTcdnhbctdd SFRREPP &) loclGRNESInELEE. MheicbnnatBfUBKLE ht eri ng
it one or nore times, and then running it through a purification colum 26.

The presépil enelt\ithia fpesdsilanapgpid theiomseiaglyrconedsiaddntvaivad P2 35 fipg ttpéar
puri fi C%nﬂé}é&ﬂpﬁw R vaﬁfH DAL HTEROSE oSl ERGte A eChlallablNgctdpe | oss

of product at typically acconpanres each transfer step 1 n the prior
art procpssmaffheVelve 302 udkppravisdedtaing ibaihvelve prabcessiated hasaly bprvebess, a

a1 sopal S 0 By SRERL Pittigo° Foraau T hey BEY P PRRHh e agATRats aner bl her

and conppeEResSort OS2 in ardePtCargt Miad flviarahe protiuttsd Meoup@nhé iftugassapeed and
radius. 'the, the filter assenbly under gravity flowis a

. ent| e
separ at i &h, Flanushewsihaachurg poy §dionithedyisHeyaeid of the é%l¥‘ﬁl|1%2tb(9t iteevlddse the

f1ow thr gugly bR%fd I haE of 1h& 19066 QhntdignSepanal o6 (k& hdwhsinbebi svad to be
| ower than the force applied by a centrifuge. The cells can be renmoved from

the fil tpovidedlafueededoy scraping themoff, and if desired, by back flow ng

fluid or t hr.ou the filter and flig. The lLls. r d from filter
assenbl yloggﬁmayAp ﬁggo'ba(laStF %_ggv\\/”érc CérH].eCt?ﬁ(llabfgr 8cCoVer eeg t%g eldgwnégeaglegn%eou@g ,e as
for exanpi2eby bacopd aghuig doResrdrnl (@bgr AWithhéeredhidaoptional déd-i@rmerbnotnt diloer f br

use in a process that _uses cellular fragnents. There is thus provided a
met hod alftY ngFphresr o figpe E@Vﬁ’é&f’i"ﬁgteééf’l drasEet ond § ﬁ?ﬁﬁpgn%wrdogﬁwt

filter ohifidgeh R8SRIP!1W4c.aMde 1EEONEK ifdchd N® &Rhtctd [PGEBRALS fiRdhgr QoI NY
t hem and as desired backwashing the frit, filter or filter assenbly, and

provi di nigriber pusifeadore dévicedr sugheastas ciromatogpby icalugmoethpirifaeppi caksm, 2@nd f or
110 YL B3 PR S BORAA TR bbb R0 L o
through which the purified product 38 flows. Column 26 may be a flash chromatography
column.
[0049] In use, the container 32 is topped upside down and held (manually or by a suitable
support frame) so the contents of the container 32 are forced by gravity and/or pressure from
tube 66 through the filter assembly 88 of cap 30, through outlet fitting 54. The valve 102
regulates the flow and preferably is adjustable to allow varying the flow rate. As needed, the
one or more step-down connectors 108, 110 conform to the fluid connection of the cap outlet
54 to the inlet fitting 112 of the purification column 26. The filter assembly 88 removes the
unwanted cells 36 and larger particles of media 12 in a single filtration unit, and provides the

filtered product 38 to the purification column 26 through one or more fluid communication

tubes, with the column 26 removing or binding any growth media and unwanted particles to
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preferably designed to forma single use, disposable unit. Likew se, the
parts placing the cap 30 in fluid comuni cation with the purification
colum 26 are preferably provided either as a single unit, or as separate
parts of a kit, preferably with the cap 30 (and filter 74 and assenbly 88),
or provided already connected to the outlet of cap 26. 100551In Iight of
the current disclosure and cited references one skilled in the art would be
able to devise suitable filters 74 and filter assenblies 88 w thout undue
experinmentation, fbr various processes, some of which are di scussed bel ow
For exanpbede aighlhumatified poiduéti 3& dos the evtketidd 6 andtpvaificytiqnl eelamn 2. skihst acked
design, or.4dn a lenticular stacked-di sk.cartri i . lLie A
su t abi et algi Fu e AABRETS N RL LGP RSB SuRE e o
di f f er endf t gdéucaB @ bbia} pevdacktdsuitiiatleeontaine3a menbrane prefilter |ayer
being optional gon any or the filters 74 or filter asse ie 8. The above
denti £1 RS0t V@Slaga%é%wg W:cméﬁa%@ymg%%ﬁ? g’lﬂ%ﬂ'&ﬂ%ﬁw&ﬁ OWILP¥R The
Carificatd@neddsiPimiceas! @ pirlubt G beheste bATiBUORBRMABE @kl gl Hwanted

Phar maceuti cal Technol ogy, ﬁhrch 2003, pg. 62-76 describes various factors
for sel etsblipyittiaphhicdritging3d in a speleoliitratian dgipl By salecting theppirgsitygpf iz filis
pressur Lj.C : : r
assenbl ;ef 48@%5%1%'9?/6%&%%?1 Je{%%ésﬁgf@ﬁ%ﬁg %?Jg?%c({legmtgrglt{ahééﬁ%oﬁg%r:%%ﬁr%?ﬁ by

r ef er enceay bids] Pagging. Mo single s&p, Algdtidescnudhesoar déptiht famadivdimnile déngiony

filter wth a pre-filtration zone retainin articles of about 25 m crons
to about®™ 4 rosﬁ?psé"hb?}ia]ﬁﬁeri}’of"i LlpttPgﬁ&"o pf%(ﬂlép?’gé 87(:'[1“5%5. particles in the
range of[oadQut TR fiRratioMtifcORill RYENithtth@ndthidl f HebRALEY380dndagouth AR@am hr
or nore and an_initial hydraulic perneability of greater than about 10
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and system.oviayBiltd &d a0 LanSeh I &8 30 YR 1q HOS8F SR8AbTRL otk ARRar at us
and system'préferably does hoét Use pre-concentration. Tnstead, e medi a
12, cel |gppa6tuandprpyidetir udSinaliefipagsesethbd ptigiietive vsapl BO candlhd [widriattt er 74

filter a single tine and clarified sufficiently so the resulting.flyid may
be passdBeibe! {HAIEh P RaORUBS D8 TRTEN pPUBlCES gy prnirtde
product |34, 3ROR6 LHYF bR Hrodlidts Q@ﬁrﬁ@be@iiﬁ;ﬂ da@sudiast, $dcowhnatedaptitone
filtration device or tangential flow device. The present filtration

appar at ux, meydinesn arttheetrimdngait|thronalye parifieateon qodgroedos | 0w mkeart mstiadui d
conmuni cat.l Qn..w ification.col i.call 1 q flow
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filter, ﬁ%&e@s,Tahr%r@@ﬂic[k'nﬁ{n@&es@&h{ﬁi RGs 38y bldeksd. t o pass through one or nore
of the plates substantially contenporaneously (i.e., in parallel) before
exi ting WHBIfi | Mercoyeis dispprior arhsepargtipn &y &ﬁ@l‘%@eaﬁow Bl el S nanis tagping f or
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stacked filters nay require a nore noticeable I ncrease on thé size of the
cap 30. rates.cdht.eht diltef apanentunded @aydBfloanid apgekle shesdatapmplind atdnowith a
2005/ 0279695 are incorporated herein by reference. G ven these disclosures
and the present description, suitable filters and filter assenblies for the
appar at us and processes disclosed herein are believed avail able w t hout
undue experinentation. [0058] Exenplary processes believed suitable for
usi ng the apparatus described herein ildcl ude the use of growth nedia 12 to
produce product 38 containing proteins which are



purified using the filter assenbly 88 of cap 30. Manmalian cells 36 (e.qg.,
CHO, HEK, IlelLa, etc.) may be used to produce product 38 conprising various
anti bodi es. Cl110 cells 36 secrete products that include proteins 38 out of
the cell and the resulting antibiotics fromthe products 38 include
comercial antibiotics products sold under the trademarks Avastin(r) and
Aransepg. CHO cells are believed to currently be the nost w dely used
manmal i an cells in biotechnol ogy manufacturing, and are enpl oyed to nake
top- selling nedicines such as Angen Inc.'s anem a treatnent product sold
under t hwsitivadeneativedprassesp rifcreasd tHedbive thidpl glithg (1168 dhe dame en tidr segarsiol d

under the, trademar vastin(r). 10059] Thus, the nmethod and ar at ys
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present | yppiéass] St RBLiROG AR I AMAALAASmanE bel i eved suitable to produce
a- Anyl ase, annng ot her enz¥nes, and to use fungi to produce various
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suitable.to use fungi to produce en roduct s sui t ab For usg. in
Thesa. SiEotmer! Sbnuhier P hE et BRI B SRR g phibhesRGue !
celI's (e8g.or pRvRied lalrbddyuBnficted)io MRYoUBIE: 4f%@F 260 secrete proteins, peptides
and various vaccines. Illustrative uses include infecting cultured insect
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pr oduce far vemosbiogessts, baoel bbwhichérq;@jpabj;@ l&ﬂow. For example, a pluyrality of filters
in a substantially planar, disk-stacked design, or in a lenticular stacked-disk cartridge design is
believed suitable for depth filter assembly 88. Filters with cellulosic fibers of different grade
are believed suitable, with a membrane prefilter layer being optional on any of the filters 74 or
filter assemblies 88. The above identified article by Yavorsky, Blanck,. Lambalot and
Brunkow, titled The Clarification of Bioreactor Cell Cultures for Biopharmaceuticals,
Pharmaceutical Technology, March 2003, pg. 62-76 describes various factors for selecting
depth filters in prior art applications applying various pressures and flow rates may be
applicable to the filter 74 and filter assembly 88, and the contents of that article are
incorporated herein by reference. U.S. Patent No. 7,125,434 describes a depth gradient
density filter with a pre-filtration zone retaining particles of about 25 microns to about I

micron, a primary filtration zone retaining particles in the range of about .3 to 1 micron, even

at a fluid velocity of about 100cm/hr or more and an initial hydraulic permeability of greater



expressing a selected gene in the host insect cell as described in U S

Pat ent 4,745,051, the conplete contents or which are incorporated herein by
reference. Simlarly, SF9 cells infected by reconbi nant bacul ovirus are
believed suitable to express human transferring protein. Insect cells may
al so be used to produce Interleukin-2. Expression from bacul ovirus has been
used to produce influenza vaccines (seasonal and pandem c), human

papi | | omavi rus, pathogens, therapeutic vaccines for oncol ogy (prostate and
breast cancer) and di abetes, and products for gene therapy for |ipoprotein
| i pase dmmhmumn¢9cmﬂnhsimmnmtbﬁhasaadmﬁbewfmhdﬂeéﬁhkshhﬁmldﬂetanhn@kacid
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exanple, and not [imtation. Gven the above disclosure, one skilled in the
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whi ch t hgosq! | sradie: gmmtent’m% 88Ty flotvhiy dybﬂﬂﬁl@rbtlérﬁd@icekﬁ%igeﬂt%l ofes
smaller 1nits Iarges dinmension than the vast majority of small particles
of debridsevis The present il Hetion3mppratushpstent gad i c\tﬂl‘sleavlesa pesdlipded Byt t he
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products rth ri ous featur ments disc
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herein. Thus, the scope of the clains is not to be limted by the

i |1 ust r atredic adpperahierftier, WilHAT epdplateaicReng Be fluid to pass through gige SR AOFS 9k er
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I'tving cel ds, growth nedia and debris in which
t he prodﬂdﬁsexﬁsﬁskMﬁ&@ﬂnhaﬁﬂomnabMeﬁwlﬁhdwmnnuwmneﬁlHuwﬂwgmaﬁnémkmdéﬁlnlng

ﬁgl ggﬁ:’];‘ap %\lé{?}a}jﬁ et}gg%geldne?prait s&acﬁecpﬁﬂellél%ayhr%gllnp al O%GI F&idIRste lljnc?easel:)Xn the
size of the cap 30. The contents of patent 7,125,434 and published application 2005/0279695
are incorporated herein by reference. Given these disclosures and the present description,
suitable filters and filter assemblies for the apparatus and processes disclosed herein are
believed available without undue experimentation.

[0058] Exemplary processes believed suitable for using the apparatus described herein

include the use of growth media 12 to produce product 38 containing proteins which are
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a cap having a first portion configured to cover the opening of the
container, an outlet and a filter assenbly | ocated therebetween, the filter
assenbly conpri sing: a filter housing having a porous support with a
rimaround a periphery of the porous support; a graded porosity
filter fitting within that rimand having a small pore size sufficiently
| arge to pass the product through the filter while retaining the debris and
optionally some growth nedia; a locking ring urging a periphery of
the filter against an outer portion of the filter; and afrit
| ocat ed poifiell asieg thedilfer hisemblystSvefenp 3the Mpomoa sinselppir (e caddH O HEEKy Hela,t he
frit being sealed to the housin o flui.d fl ows thrqugh friht and to the
[ ter cifd R hedsedto pRoaucohS g 38 damptify bl b iadPogiefe b sgre
assenbl ypafiuced dhihéludvhietcdisstdi@of ihk bl aoRPrdssieiag antdiafcs dropl the drdduyts of
planar filters of different porosit ural i t% of |Jenticular filters, or
€

: . . por , a pl
beads f otdriipguden sogmeeradl %r%lcﬁyprf’gll"%%rsgld under HHETRES Anasting @8f st ep
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extending through the cap with a vent tube connected to the portion of the

cap defimbrghmoheyvenufopemangndtde cwghtyed ubenttaviong sdlinempdicines] ek ed to
extend i gfngs\i'q?éj{glrﬁr%ﬁ]ég&%%{ﬂnee Op(;[@lﬁtnse({ld %?%réh@etré:d%ﬁ%ﬁéf Iﬁ?%nee%&@ LYeRsgd so

pr oduct 8 nét rough cap an step reduction
t ool . HoldingAG FRenaprugneidiundéehe sidmarleduatin®n t ool assenbly of claiml

AR TR N TP UR R G R
during us®s a0thahenAk TutdiesueRRs Basiiad AspagiiueRsd anBmdimd, ivhiés anadaR
peri phery of the cap and located to abut a downstream surface of the filter
during ulgdieved suitable for use in producing product 38 that includes various enzymes. One
desirable enzyme is a-Amylase which is an enzyme EC 3.2.1.1 that hydrolyses alpha bonds of
large, alpha-linked polysaccharides, such as starch and glycogen, yiclding glucose and
maltose. a-Amylase is the major form of amylase found in humans and other mammals. It is
also present in seeds containing starch as a food reserve, and is secreted by numerous fungi.
a-Amylase is also used in ethanol production to break starches in grains into fermentable
sugars. The first step in the production of high-fructose corn syrup is the treatment of
cornstarch with a-amylase, producing shorter chains of sugars called oligosaccharides. Thus,
the presently disclosed method and apparatus are believed suitable to produce a-Amylase,
among other enzymes, and to use fungi to produce various products 38.
[0060] Enzymes made from fungus are also used in laundry detergents, pulp and paper
processing, biopolymers, chemical synthesis, animal feed, sugar reductions and in the
production of oil, gas and ethanol. Thus, the presently disclosed method and apparatus are
believed suitable to use fungi to produce enzyme products 38 suitable for use in these, and
other, consumer products.
[0061] Cells 36 that include insect cells (e.g., Sf9, HiFive etc.) may be used to secrete
proteins, peptides and various vaccines. lllustrative uses include infecting cultured insect
cells with a recombinant baculovirus to product a protein product 38 as described in U.S.
Patent No. 4,879,236, the complete contents of which are incorporated herein by reference.

Likewise, insect cells may be used to produce a recombinant baculovirus capable of
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5. The cap and filter step reduction tool assenbly of claim2 wherein the

| ocking ring has at | east one annular rib around a periphery of the | ocking
ring and | ocated to abut an upstream surface of the filter during use, and
wherein the cap has at |east one annular rib around a periphery of the cap
and | ocated to abut a downstream surface of the filter during use.

6. The cap and filter step reduction tool assenbly of claim1l, wherein the
filter assenbly is press fit into a cylindrical recess in the cap formed by
a cylindrical sidewall of the cap. 7. The cap and filter step

reduct i ogxpi®sihg asskoel wend incthaihnstlinsevher ledsndesdrébefl iih {03, Resgeiiidy, 054, theess

fit into a cylindrical recess in the cap formed by a cyli i cal. si dewal
of the c%‘_}?ﬁ%%ﬁer&wé‘ﬁ P e ngodeeiied B G ariet tomnary LYaEfF%F&E PR ded
S_k' rt COW 'rcgﬂéﬁi%ﬂqahp bhdil 8adk NG %e%@%it&ﬂ?@_t@%ﬂb@ké’lﬂﬁm@n transferrg prbeicap and
filter step reduction tool assenbly of claim2, wherein the filter assenbly
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.~ The cap panitbgknd, tlerastiep vaedues tforomcblogy (aesenting bofasictaacen 7nd viabetes,ant he
cylindrical recess has a flat, annul ar i phery . with an inner .portion that
tapers td Oglf’ftso)‘t:?f PEL° Lﬁ?rf”?)f {%%P%RJ RicH! 'p[aﬁee&ﬁfﬂeﬁ@f' (%5}%13? Ripfgins secreted f‘%ﬁ? ‘AiRe cap
and filtgeludé eRidoeuttdlntutaolnd@ssemds, inafidiag aicriuBranvwhael Bina drusivaodiie,
surface of the flat, annular periphery abuts the fi“&§£ housi ng. 1Lthe cap
and fi|t&rpredush3¥ elisred RO YeEBIC ussed i Prpsatly disslopsdometipresnsd apPRRBISy ent

openi ng (RER" | Seg;ask YRk liAdudd él%ienﬂa%E eRdi ROpHIND LPRASY 1Y pRifutaCaRrof the
cap. 12. The cap and filter step reducglon t ool assenbly of claim 2,
further oconpld sising @asduricda b cppsist vareuprodlss iydsodarbonthaisedl pedreini rids on
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ACP reductas enzyme and a recombinant alkanal decarboxylative monooxygenase enzyme, at
least one of which is heterologous with respect to the engineered cayanobacterium may be
cultured in the presence of light and carbon dioxide to produce n-alkanes, such as n-
pentadecane, as described more fully in U.S. Patent 8,043,840, the complete contents of
which are incorporated herein by reference. Cells 36 that include these algae are believed
suitable with the presently disclosed method and apparatus to produce the above identified
products, among others.

[0063] The above description is given by way of example, and not limitation. Given the
above disclosure, one skilled in the art could devise variations that are within the scope and
spirit of the invention disclosed herein, including using various porosities on the filters 74
and/or frit 76 to accommodate different sizes of product 38. The above apparatus and method
is described for use in separating product expressed from cells of living organisms where the
product has a size that is smaller than the cells, cell fragments and usually the growth media
in which the cells are grown. Preferably, the product is at least 10 times smaller in its larges
dimension than the vast majority of small particles of debris in the container 32 in which the
product 38 is produced. But the cap and filter mechanism and the associated method of use
are equally applicable to separating other small, desirable products from surrounding debris.

Thus, this method is not limited to the preferred cellular products. Further, the various
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13. The cap and filter step reduction tool assenbly of Claim1, wherein the
Filter conprises a plurality of filters, each with a different porosity.

14. The cap and filter step reduction tool assenbly of claim1, wherein the
filter conprises at |east one graded porosity filter having an interstitial
pore spacing that decreases in the downstreamdirection. 15. The cap
and filter step reduction tool assenbly of claiml1l, wherein the frit
conprises a graded porosity filter having an interstitial pore spacing that
decreases in the downstream direction. 16. The cap and filter step
reduct i ofeatuoslof Azsentyldymaofts disdbsed lherdinucdrhlgr used afpnesomig varypug cdmipatticns

colum in. fluid communication with the.outlet of the cap.,. .. 17. The
cap and ‘fvltli’ teg?h gﬁgrpa'} ealﬁc?qtdﬂte\é\%egl 3 esgwgf’%/?%fhecfpaefnnﬁclC,O%v%near“é)i] ndetscﬁgbefji rst
portion ldreih h@h@aheisSopd of el ddink ¢salot td @NgRitaItd thhBlustditeembddidhémg i s a tube
having a | ongitudinal axis coinciding with the |ongitudinal axis of the
filter assenbly but offset froma |ongitudinal axis of the cylindrical

fl ange. 18. The cap and filter step reduction tool assenbly of claim
|, further conmprising a purification colum in fluid comunication wth the
outlet of the cap, with a vacuum port downstream of the filter assenbly in
order to apply a negative pressure to the fluid in the container during use
of the cap and filter step reduction tool. 19. The cap and filter
step reduction tool assenbly of claiml1l, wherein the filters are sel ected
to pass product having a nol ecul ar weight from 10,000 to 3, 000, 000 MW

20. The cap and filter step reduction tool assenbly of claiml, wherein the
filters are selected to pass product having a nol ecul ar wei ght from about
100- 10, 000 MW
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21. The cap and filter step reduction tool assenbly of claim1, wherein the
filters are selected to pass product having a nol ecul ar wei ght from

22. The cap and filter step reduction tool assenbly of claim2, wherein the
cap and filter are fastened to a contai ner containing mamualian cells and

growt h nedi a. 23. The cap and filter step reduction tool assenbly of
claim2, wherein the cap and filter are fastened to a container containing
i nsect cells and growth nedi a. 24. The cap and filter step reduction

tool assembly of claim2, wherein the cap and - filter are fastened to a
cont ai newlontsaChARgERII§ae or cyanobacteria cells and grow h nedi a.

25. The cap and filter s reductj on tool ass of .claim.l herein the
cap and fil tglr ar & F?ﬁs?‘é%g‘ﬁert SR, d&‘ﬁtﬂ%ﬂ ﬁoé)ﬁ a%SSWt%FJiOlrFl%nugsell? VIGEE %Sgﬁd
gr owt h n&@ieded externally of 20ingAeN®irfia diqofds sepathahedig apt dabuictin exheheproduct

externally of Living cells fromljquids, gromh nedia and debris in which
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and a filter assembly located therebetween, the filter assembly comprising:

a filter housing having a porous support with a rim around a periphery of the
porous support;

a graded porosity filter fitting within that rim and having a small pore size
sufficiently large to pass the product through the filter while retaining the debris and
optionally some growth media;

a locking ring urging a periphery of the filter against an outer portion of the
filter; and

a frit located to place the filter between the porous support and the frit, the frit
being sealed to the housing so fluid flows through the frit and to the filter during use;

2. The cap and filter step reduction tool assembly of claim 1, wherein the filter
comprises one of a plurality of planar filters of different porosity, a plurality of lenticular
filters, or beads forming the graded porosity filter

3. The cap and filter step reduction tool assembly of claim 1further comprising a
vent opening extending through the cap with a vent tube connected to the portion of the cap
defining the vent opening, the vent tube having a length selected to extend into an ullage of
the container when the container is inverted so product flows from the container through the
cap and filter step reduction tool.

4. The cap and filter step reduction tool assembly of claim 1 wherein the locking
ring has at least one annular rib around a periphery of the locking ring and located to abut an
upstream surface of the filter during use, and wherein the cap has at least one annular rib

around a periphery of the cap and located to abut a downstream surface of the filter during

use.
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passing fluid contents of the container through a filter assenbly in the
cap, the filter assenbly having a fit upstream of a graded porosity filter
having a small pore size sufficiently large to pass the product through the
filter while retaining the debris and optionally sonme growth nedia, the
product passing through a cap outlet |ocated downstream of the filter

assenbl y; and passi ng gas through a vent tube that is in fluid
comuni cation with an ullage of the container |ocated above the filter
assenbl y. 27. The nmethod of claim26, wherein the step of passing

gas through the vdit capbel Abplsiepsegmsivn ok apembburiecldio 2 Whereinl thalpekio t he
cont ai ner.. 28. ' The t hod, of claim further c rjsi.n ssi ng
Che. br oddi Mk BaYinTS SBT T EAP TSR Eris Rt UdPalsib nk S AR TRl P o
comgugi ctf}:tsirléum \éﬁrﬂcétet({cf&h@ﬁﬂlexaﬂltdirfgi liseeinds vdpretnedhe Giap dias toldast one annula?®ib The
met hod of claim 26, further conprising applying a negativ ressure
downst r e4MNsEa PHEPhETY eldhe g3 @?Pgroya% tQIARHY Aty Ean ﬁgrg?fﬁt?%ttﬁf‘e%ﬁ?rl Bng

assenbl y,ce. 30. The nethod of claim26, wherein the cells retained in
the filter assenbly are
6. The cap and filter step reduction tool assembly of claim 1, wherein the filter

assembly is press fit into a cylindrical recess in the cap formed by a cylindrical sidewall of the
cap.

7. The cap and filter step reduction tool assembly of claim 1, wherein the filter
assembly is press fit into a cylindrical recess in the cap formed by a cylindrical sidewall of the
cap, which cylindrical recess is located downstream of a threaded skirt configured to
threadingly engage the container.

8. The cap and filter step reduction tool assembly of claim 2, wherein the filter
assembly is press fit into a cylindrical recess in the cap formed by a cylindrical sidewall of the:
cap, which cylindrical recess is located downstream of a threaded skirt configured to
threadingly engage the container.

9. The cap and filter step reduction tool assembly of claim 7, wherein the
cylindrical recess has a flat, annular periphery with an inner portion that tapers to an outlet
fitting forming the outlet therein.

10. The cap and filter step reduction tool assembly of claim 8, wherein an inner
surface of the flat, annular periphery abuts the filter housing.

11.  The cap and filter step reduction tool assembly of claim 2, wherein the vent
opening comprises a tubular fitting extending from opposing surfaces of the cap.

12. The cap and filter step reduction tool assembly of claim 2, further comprising a
source of positive pressure in fluid communication with the vent opening so as to provide a
positive pressure to the inside of the container during use of the cap and filter step reduction
tool.

13.  The cap and filter step reduction tool assembly of claim 1, wherein the filter

comprises a plurality of filters, each with a different porosity.
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recovered and reused in a growh nedia, 3 | .The nethod of claim 26,
wherein the fluid contents of the container include one of insect or
manmal i an cell fragments. 32. A kit for transferring fluid froma contai ner
havi ng a neck defining an opening to the container, the container having
therein a product excreted externally of living cells that were contai ned
in a gromh nedia in the container, the container further containing
fragnents of those cells, the product having a size neasured by nol ecul ar
wei ght, conpri sing: a cap having a first portion configured to cover
t he openi ng dﬂ.théheanpahm@M¢ranpomm¢@m1wmuagwmbWKémkas§ewﬁwyﬁmdca@mm t here
between, the fil asse ter ng..having a
porous sUPPOFES %tl?aﬁt %nergr%?egrpgﬂ%g? : ltﬁbpgvb%ﬂ/m&efmﬁlﬁr PPerdt acm uﬂ% (%Clteases k a
filter fihthd M@vidirédmh Birdddidh. ri m and having a snmall pore S|ze suff|C|entIy

| arge to pass the product through the filter while retaining the de rls and

optional ly sore gréﬁbﬁpﬁﬁéﬁamrﬁﬁélF@W¥@?t%ﬂﬁﬁ%?ﬁ%%OECBFﬁded” gindie

filter; comprises a graded porosity filter having an interstitial pore spacing that decreases in the
downstream direction.

16. The cap and filter step reduction tool assembly of claim 1, further comprising a
purification column in fluid communication with the outlet of the cap.

17.  The cap and filter step reduction tool assembly of claim 1, wherein the first
portion of the cap is a cylindrical flange and the outlet fitting is a tube having a longitudinal
axis coinciding with the longitudinal axis of the filter assembly but offset from a longitudinal
axis of the cylindrical flange.

18. The cap and filter step reduction tool assembly of claim 1, further comprising a
purification column in fluid communication with the outlet of the cap, with a vacuum port
downstream of the filter assembly in order to apply a negative pressure to the fluid in the
container during use of the cap and filter step reduction tool.

19.  The cap and filter step reduction tool assembly of claim 1, wherein the filters
are selected to pass product having a molecular weight from 10,000 to 3,000,000 MW.

20. The cap and filter step reduction tool assembly of claim 1, wherein the filters
are selected to pass product having a molecular weight from about 100-10,000 MW.

21. The cap and filter step reduction tool assembly of claim 1, wherein the filters
are selected to pass product having a molecular weight from

22. The cap and filter step reduction tool assembly of claim 2, wherein the cap and
filter are fastened to a container containing mammalian cells and growth media.

23. The cap and filter step reduction tool assembly of claim 2, wherein the cap and
filter are fastened to a container containing insect cells and growth media.

24.  The cap and filter step reduction tool assembly of claim 2, wherein the cap and
filter are fastened to a container containing algae or cyanobacteria cells and growth media.

25. The cap and filter step reduction tool assembly of claim 1, wherein the cap and

filter are fastened to a container containing living cells and growth media.
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a locking ring urging a periphery of the filter against an outer portion of
the filter; and a frit located to place the filter between the porous
support and the flit, the frit and |l ocking ring being sealed to each other
and the filter housing so that fluid flows through the frit and then
through the filter and out the cap outlet during use; and a vent opening
ext endi ng through the cap; a vent tube having a first end configured
to be connected to the portion of the cap defining the vent opening, the
vent tube having a length selected to extend into an ullage of the
cont ai ner wheX. t heA oetibdiofieaparaging prodnttedersed priodaly of living cdlls drant heuids,

tai t h the cap. finThe kit of claim 32 further includi.
1 ui a coHmUIN Bas Bl SgaonyRamar Ll s S artEpe W eonleP e MR Ravi ng

one end GQRIEGMHLEN bPehify eoMBeGHERel the froduhhehg afizt hecagapd by moleculad f1 ui d
fl ow control valve configured to be placed in fluid conmunication with the
first tudesk hrartndarryingthasiPeeEh i ntervening fluid connections: and

fastening a cap over the opening of the container to form a fluid-tight connection;

passing fluid contents of the container through a filter assembly in the cap, the filter
assembly having a frit upstream of a graded porosity filter having a small pore size
sufficiently large to pass the product through the filter while retaining the debris and
optionally some growth media, the product passing through a cap outlet located downstream
of the filter assembly; and

passing gas through a vent tube that is in fluid communication with an ullage of the
container located above the filter assembly.

27. The method of claim 26, wherein the step of passing gas through the vent tube
applies positive pressure to the ullage of the container.

28. The method of claim 26, further comprising passing the product through a
purification chromatography column in fluid communication with the cap and filter step
reduction tool.

29. The method of claim 26, further comprising applying a negative pressure
downstream of the filter assembly to draw product through the filter assembly.

30. The method of claim 26, wherein the cells retained in the filter assembly are
recovered and reused in a growth media.

31. The method of claim 26, wherein the fluid contents of the container include
one of insect or mammalian cell fragments.

32. A kit for transferring fluid from a container having a neck defining an opening
to the container, the container having therein a product excreted externally of living cells that
were contained in a growth media in the container, the container further containing fragments
of those cells, the product having a size measured by molecular weight, comprising:

a cap having a first portion configured to cover the opening of the container, an outlet

and a filter assembly located there between, the filter assembly comprising:
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a second tube having a first end configured to be placed in fluid

communi cation with a downstreamend of the valve either directly or through
i ntervening fluid connections, and having a second end configured to
connect to one of a fuer lock or an inlet of a purification colum.

a filter housing having a porous support with a rim around a periphery of the
porous support;

a filter fitting within that rim and having a small pore size sufficiently large to
pass the product through the filter while retaining the debris and optionally some
growth media, the filter comprises a graded porosity filter; v

a locking ring urging a periphery of the filter against an outer portion of the
filter; and

a frit located to place the filter between the porous support and the frit, the frit
and locking ring being sealed to each other and the filter housing so that fluid flows
through the frit and then through the filter and out the cap outlet during use; and
a vent opening extending through the cap;

a vent tube having a first end configured to be connected to the portion of the cap
defining the vent opening, the vent tube having a length selected to extend into an ullage of

the container when the container is inverted so product flows from the container through the

cap.

33. The kit of blaim 32, further including a fluid communication assembly
comprising:

a first fluid transfer tube having one end configured to be connected to the outlet of the
cap;

a fluid flow control valve configured to be placed in fluid communication with the
first tube either directly or through intervening fluid connections; and

a second tube having a first end configured to be placed in fluid communication with a
downstream end of the valve either directly or through intervening fluid connections, and
having a second end configured to connect to one of a Luer lock or an inlet of a purification

column.
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