1 VESSEL AND CLOSURE ASSEMBLY BACKGROUND OF THE |NVENTI ON 1. M8 TF the
I nvention This invention relates to a device for cell culture production,
and nore particularly to a vessel and closure assenbly having neans for
varying the gas diffusion rate into and out of the vessel. 2. Descri ption
of Related Art

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to a device for cell culture production, and
more particularly to a vessel and closure assembly having means for
- varying the gas diffusion rate into and out of the vessel.

2. Description of Related Art

Typically, cells are cultured under conditions in which the hydrogen
ion concentration (pH, the negative logarithm of the hydrogen ion
concentration), temperature, humidity, osmolarity and concentration of
certain ions are controlled within relatively narrow limits.

Vessels that are used in such tissue culture systems are typically
made from plastic and include closures. Such vessels and closures are
illustrated in U.S. Patent Nos. 4,289,248, 4,387,822, 4,770,308 and
5,047,347.

In typical culture systems, pH is maintained near physiologic levels
by utilizing a buffering systém in the tissue culture fluid, in conjunction
with an incubator in which carbon dioxide (CO9p) is infused at a rate
sufficient to maintain a concentration in the incubator atmosphere of
approximately 5 to 7 volume percent. The CO9 reacts with water to form
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Tbypically, cells are cultured under conditions in which the hydrogen ion
concentratign (pH the negative logarithm of the hydrogen ion
concentration), tenperature, humdity, osnolarity and concentration of
certain ions are controlled within relatively narrow limts. Vessels that
are used in such tissue culture systens are typically made from plastic and
I ncl ude cl osures. Such vessels and closures are illustrated in U S. Patent
Nos. 4,289,248, 4,387,822, 4,770,308 and_5, 047, 347.

a weak acid and a carbonic acid, which in turn interacts with the

buffering system to maintain the pH near physiologic levels. Entry of
CO9 from the incubator into the tissue culture vessel is generally
achieved by utilizing a closure on the vessel such as, a loosely fitting cap,
a stopper or a cap with a permeable membrane. Equilibrium in the
vessel is maintained by allowing gas exchange with the inside of the
vessel and the atmosphere of the incubator while preserving sterility and
preventing liquid leakage. A loosely fitting cap or a stopper is partially
opened to either to an approximate extent determined by the user or by
the closure design.

Removal of the vessel from the controlled atmosphere of the
incubator is often required during growth and culturing of cells. The
vessels are usually removed for inspection and/or treatment of the cells
and culture fluids. It is important that the pH of the cell culture be

maintained at the desired physmloglc level while the vessel is outside of
the incubator.

A special need exists for an improved closure assembly for a culture
vessel which (1) provides rapid and uniform equilibration between the
vessel atmosphere and the incubator; (2) allows the culture vessel to be
removed from the controlled atmosphere of the incubator for reasonably
long times without subjecting the cell culture to undesirable changes in
the pH of the system; and (3) is reusable.

SUMMARY OF THE INVENTION

The present invention is a vessel comprising a chamber, an
opening, a closure or other means associated with the opening, means for
allowing gas diffusion into and out of the vessel and means for occluding
the diffusion of gases. Most preferably, the closure seals the vessel.

Preferably, the vessel is a flask, roller bdttle, tube, spinner flask,
stirred bioreactor or any vessel that requires gas exchange. Most
preferably, the vessel is a flask or roller bottle. '
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I'n typical culture systens, pH is maintained near physiologic |evels by
utilizing a.buffering systemin the tissue culture fluid, in conjunction
“with an incubator in which carbon dioxide (COJerr]) is infused at a rate
sufficient to maintain a concentration in the incubator atnosphere of
approximately 5 to 7 volune percent. The CJerr] reacts with water to form

Desirably, the closure is a cap, push cap, threaded cap, screw cap
or a stopper. Most preferably, the closure is a cap.

Preferably, the closure comprises a top end with means for allowing
gas diffusion into and out of the vessel. Preferably, the means for
allowing gas diffusion is gas permeable membrane.

Further associated with the closure is means for occluding the gas
permeable membrane without disturbing the seal between the closure
and the vessel. Preferably, the means for occluding the membrane is a
plug. The plug may be removably attached to the closure to restrict or
make available the membrane to the atmosphere.

Most preferably the plug is plastic and comprises means for easy
accessibility to the user.

A nearly gastight seal is superimposed when the plug is used with
the closure. The plug may be removed away from the top of the cap to
expose the membrane to the atmosphere. During the time the vessel is
in an incubator, and the specific culture procedure requires the entire
membrane to be exposed to the atmosphere of the incubator, the plug
may be removed from the top of the cap to expose the membrane to the
atmosphere. The plug may be reapplied to cover the membrane when the
vessel is removed from the controlled atmosphere of the incubator so that
the vessel may be left outside the incubator for relatively long periods of
time. Therefore, by covering the membrane with the plug, substantial
escape of gases from the vessel is prevented and therefore undesirable
changes in the pH of the culture does not resuit.

The removal of the plug from the closure allows for rapid and
uniform equilibration between the atmosphere in the vessel and the
incubator. However, when the plug is removably attached to the closure
to occlude the membrane, the vessel is a closed system and entry of
microbial organisms into the vessel is prevented.
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2 'a welak acid and a carbonic acid, which in turn interacts with the
buffering systemto maintain the pH near phyS|oIog|c | evel s. Entry of
CJerr] fromthe incubator into the tissue culture vessel is generally

achi eved by utilizing a closure on the vessel such as, a loosely fitting
cap, a stopper or a cap wth a perneable nenbrane. Equilibriumin the
vessel is maintained by all ow ng gas exchange with the inside of the vessel
and the atnosphere of the incubator while preserving sterility and

Printing may be placed on the plug or the surface of the plug may
be such that additional information may be hand written on the plug.

The plug does not compromise sterility or invite leakage into the
vessel when removably attached to the closure. A further advantage is
that gas exchange takes place exclusively through the membrane without
having to crack the vessel's cap when the plug is removed from the
closure.

A further advantage of using the plug is that the need for a cap
without the membrane is eliminated.

" A further advantage is that the plug ensures consistency of the cell
culture conditions and also facilitates the production of multiple cell
cultures for large scale production. Such large scale production
applications often utilize transformed or partially transformed cell lines
that overproduce CO9 and lactic acid when grown to very high density in
order to generate significant amounts of a commercial bioproduct, such
as erythopoeitin (EPO) or tissue-type plasminogen activator (t-PA). In
such large scale production applications wherein multiple vessels are
required, each vessel in the production line can have the plug removed at
the same time (obviating the need to guess on the amount of vent to
provide).

Other important advantages are that the plug is reusable and that
is economically feasible to manufacture.

DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of a flask with a cap and a plug.

FIG. 2 is a cross sectional view of the cap and plug of FIG. 1 taken
along line 2-2 thereof.

This Sheet Has Been Re,p

LU




preventing liquid | eakage. A loosely fitting cap or a stopper is partially
opened to either to an approxi mate extent determ ned by the user or by the
cl osure design. Renoval of the vessel fromthe controll ed atnosphere of the
i ncubator is often required during growth and culturing of cells. The
vessels are usually renoved for inspection and/or treatnment of the cells
and culture fluids. It is inportant that the pH of the cell culture be
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the plug is removably attached to the top of the cap.

FIG. 4 is a cross sectional view of the cap and plug of FIG. 3 taken"
along 4-4 thereof.

FIG. 5 is an alternate embodiment of the invention illustrating a
perspective view of a roller bottle with a cap and a plug.

FIG. 6 is a perspective view of the roller bottle with a cap of FIG. 5
wherein the plug removably attached to the top of the cap.

DETAILED DESCRIPTION

While this invention is satisfied by embodiments in many different
forms, there is shown in the drawings and will herein be described in
detail, the preferred embodiments of the invention, with the
understanding that the present disclosure is to be considered as
exemplary of the principles of the invention and is not intended to limit
the invention to the embodiments illustrated. Various other
modifications will be apparent to and readily made by those skilled in the
art without departing from the scope and spirit of the invention. The

scope of the invention will be measured by the appended claims and their
equivalents.

FIG. 1 illustrates a cell culturing vessel 10, a flask 12, a cap 20 and
a plug 22. The flask is preferably made from impact resistant plastic or
glass which is gas impermeable, optically clear, non-toxic and inert with
respect to the cells to be cultured.

Flask 12 has a body 14 that defines a chamber 16 in which
material is adapted to be held until such time as the same is withdrawn
or dispensed. It is unimportant whether body 14 is made of a collapsible
or no-collapsible material, such as metals, plastics or glass.
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the incubator. A special need exists for an inproved closure assenbly for a
cul ture vessel which (1) provides rapid and uniform equilibration between

t he vessel atnosphere and the incubator; (2) allows the culture vessel to
be renmoved fromthe controll ed atnosphere of the incubator for reasonably

|l ong tinmes without subjecting the cell culture to undesirable changes in
the pH of the system and (3) is reusable. SUVWARY OF THE | NVENTI ON

As shown in FIG. 2, flask 12 includes a neck 18 which is threaded
to receive a cap 20. The neck 18 is integral with the vessel and defines a
cylindrical conduit having one end integral with the vessel and the other
end defining an opening through which the cells and culture fluids may
be introduced into the body of the flask. Neck 18 and cap 20 constitute
one of a number of well known means for introducing materials such as
mammalian cells and culture fluids into body 16. As is conventionally
know, cap 20 is unscrewed from neck 18 to provide an opening through
which cells and culturing fluids can be introduced into the flask. The cap
is subsequently screwed back onto the neck to re-seal the flask.

As shown in FIG. 2, plug 22 has a short cylindrical base 24, an
mtermcdlatc flange 26 and a hanger tab 28, all of which are integrally
formed. Spaced downwardly from the flange are two detents 30 that are
optional. @ Hanger tab 28 is provided with an aperture 32 for

accommodating a means of suspension or a means for easy access by the
user. -

The plug may be made of a molded thermoplastic material.
Representative  materials include, for example, polyethylene,
polypropylene and polyvinyl chloride.

As shown mn FIG. 2, cap 20 has a top surface 36, a bottom stop
ledge 38, an annular outer skirt 40 extending from the top surface to the
bottom stop le&ge. The annular outer skirt has an outer wall surface 42
and an inner wall surface 44. Cap 20 further has an inner annular
inverted recessed skirt portion 46 that extends from top surface 36 to a
bottom surface 48. The inverted recessed skirt portion defines a
compartment area 50 on the top surface of the cap. The inner wall
surface of the annular outer skirt and the inner annular inverted
recessed skirt are spaced from each other to define an annular space 52.
The cap further has an orifice 54 in the inverted recessed skirt portion on
the top surface. A gas permeable membrane 56 is attached to the orifice.
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The present invention is a vessel conprising a chamber, an opening, a

cl osure or other neans associated with the opening, neans for allow ng gas
diffusion into and out of the vessel and neans for occluding the diffusion
of gases. Mst preferably, the closure seals the vessel. Preferably, the
vessel is a flask, roller bottle, tube, spinner flask, stirred bioreactor
or any vessel that requires gas exchange. Mst preferably, the vessel is a

flask or rglt erasb (i)tctrlngeable membrane 56 may be made from any suitable

gas permeable material so long as it provides free passage of gases such
as oxygen and carbon dioxide into body 14 while preventing bacteria and
fungi from passing there through. Membrane materials provide adequate
rates of carbon dioxide and oxygen permeability while preventing passage
of micro-organisms. Several gas-permeable materials having suitable
pore size sufficient to permit free passage of oxygen and carbon dioxide
while preventing passage of bacteria and fungi are available, these
materials include polyethylene, polycarbonate acrylic co-polymers and
polytetrafiuoroethylane.

As shown in FIGS. 3 and 4, when plug 22 is removably secured to
cap 20, compartment area 50 of the cap receives cylindrical base 24 of
the ’plug. The plug is pushed into the compartment area and further
inward travel of the plug is limited by the frictional contact between the
base of the plug and the sides of the compartment area. When it is
desired to remove the plug from the cap, the flask is held in one hand,
the hanger tab is grasped with two fingers of the other hand and the flask
and plug are rotated relative to one another in either direction and pulled
axially out of the compartment area without difficulty. It is obvious that
the plug may be reinserted into the cap and rewithdrawn therefrom
innumerable times making the plug reusable for a long period of time.

In use, plug 22 is removably secured to cap 20 when the flask is
outside of the controlled atmosphere of the incubator. When flask 12 is
placed within the controlled atmosphere of the incubator, the plug is
removed to allow communication between the gases in the incubator
atmosphere and body 14 to‘provide rapid and uniform equilibration.

The invention, as shown in FIGS. 5 and 6 includes many
components which are substantially identical to the components of FIGS.
1-4. Accordingly, similar components performing similar functions will
be numbered identically to those components of FIGS. 1-4, except that a

suffix “a" will be used to identify those similar components in FIGS. 5 and
6.
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3 Desirably, the closure is a cap, push cap, threaded cap, screw cap or a
stopper. Mst preferably, the closure is a cap. Preferably, the closure
conprises a top end with neans for allow ng gas diffusion into and out of
the vessel. Preferably, the neans for allow ng gas diffusion is gas

per neabl e nmenbr ane.

Roller bottle 60, cap 20a and plug 22a as shown in FIGS. § and 6
are an alternate embodiment of a culture vessel system that can be used
inside the controlled atmosphere of the incubator to provide rapid and
uniform equilibration between the gases in the incubator and the vessel.

Although the vessel in accordance with the present invention may
have other uses with cell culturing systems in which gas permeability of
the vessel is desired, the present invention is especially well suited for
use in the constant carbon dioxide atmosphere incubators where it is
desirable to allow the exchange of gases in the body of the vessel.
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Furth ciated wwth the closure is nmeans for occluding the gas

per e m,m&i ﬁ”“"!hout di sturbing the seal between the closure and the
vesse e means for occluding the nenbrane is a plug. The

pl ug may be rennvibly attached to the closure to restrict or make avail abl e
the nenbrane to the atnosphere. Mst preferably the plug is plastic and
conprlses means for easy accessibility to the user. A nearly gastight sea
is sN N IS ug i s used with

1. An assembly adapted for use in growing cell cultures in
incubators comprising:

a vessel comprising a chamber and a neck connected to said
chamber having an opening for introducing cells and culture fluids into
said chamber;

a closure for covering said opening in said neck comprising means
for removably mounting said closure to said neck, and means for allowing
gas diffusion into and out of said vessel; and

-a plug removably attached to said closure for occluding gas
diffusion into and out of said vessel.

2. The assembly of Claim 1 wherein said means for removably
mounting said closure includes a threaded portion on said neck and a
mating threaded portion on said closure to provide screw type mounting
of said closure to said neck.

3. The assembly of Claim 1 wherein said vessel is a flask or a
roller bottle. |

4. The assembly of Claim 1 wherein said closure is a cap or a
stopper.

5. The assembly of Claim 1 wherein said means for allowing gas
diffusion into and out of said vessel is a gas permeable membrane.

6. The assembly of Claim 4 wherein said cap comprises a top
portion, a bottom portion, an annular skirt extending from said top
- portion to said bottom portion and having an inner surface and outer
surface, an inner inverted skirt portion surrounded by said inner surface
of said annular skirt and extending from said top portion toward said
bottom portion, an annular space between said inner surface of said

—
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he._gl y be rermoved away fromthe top of the cap to expose
the me;mllmmlﬂm Hllmllﬁsphere During the tinme the vessel is in an

i ncubat or, cand e specific culture procedure requires the entire nmenbrane
to be exposed to the atnosphere of the incubator, the plug nmay be renoved

fromthe top of the cap to expose the nenbrane to t he atnosphere. The plug
may be re f t he
cont AR OIAE St AR SHR 1Y #@J%“?I”L?P?Sﬁ%ﬁ%t t#ﬁééé“éﬂ% ﬁP‘E%‘iPe
out sitop pbmomasad@ﬁncdrby saddi inverted rgkist pardionan &6 in’said
top portion as defined by said inverted skirt portion surroundcd by said
compartment area, whereby said means for allowing gas d1ﬂ=us10n into
and out of said vessel is attached to said orifice. )
7. The assembly of Claim 6 wherein said plug comprises a
cylindrical base, a intermediate flange and a hanger tab.

8. The assembly of Claim 7 wherein said cylindrical base of said
plug is removably secured to said compartment area of said cap whereby
gas diffusion into and out of said vessel is occluded.

9. The assembly of Claim 8 wherein said plug is removed from
sa1d compartment area of said cap by rotating said vessel and plug
relative to one another in either direction and pulling said plug axially out
of said compartment area. |
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time. Therefore, by covering the nenbrane with the plug, substantial escape
of gases fromthe vessel is prevented and therefore undesirable changes in
the pH of the culture does not result The renoval of the plug fromthe
closure allows for rapid and uniformequilibration between the atnosphere
in the vessel and the incubator. However, when the plug is renovably
attached to the closure to occlude the nenbrane, the vessel is a closed
system and entry of mcrobial organisms into the vessel is prevented.

VESSEL AND CLOSURE ASSEMBLY

ABSTRACT OF THE DISCLOSURE

A vessel and closure assembly for culturing cells wherein a gas
permeable membrane is provided in the closure to allow rapid and
uniform equilibration of gases between the atmosphere of the vessel and
the atmosphere of the incubator. A plug is provided for occluding
passage of gases through the gas permeable membrane when the vessel
is removed from the controlled atmosphere of the incubator.
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Printing may be placed on the plug or the surface of the plug may be such
that additianal information may be hand witten on the plug. The plug does
not conprom se sterility or invite | eakage into the vessel when renovably
attached'to the closure. A further advantage is that gas exchange takes

pl ace exclusively through the nenbrane w t hout
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. 1
having to crack the vessel's cap when the plug is renoved fromthe closure.
A further advantage of using the plug is that the need for a cap w thout
the nenbrane is elimnated. A further advantage is that the plug ensures
consi stency of the cell culture conditions and also facilitates the
production of nultiple cell cultures for |large scale production. Such
| arge scal e production applications often utilize transfornmed or partially

transformed cell |ines

FIG—2
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t hat overproduce CJerr] and lactic acid when grown to very high density in
order to generate significant amounts of a commercial bioproduct, such as
eryt hopoeitin (EPO) or tissue-type plasm nogen activator (t-PA). In such

| arge scal e production applications wherein nultiple vessels are required,
each vessel in the production |line can have the plug renoved at the sane
time (obviating the need to guess on the amount of vent to provide). O her

i mportant advantages are that the plug is reusable and that

FIG—3
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i s economi cal | y feasible to manufacture. DESCRI PTION OF THE DRAWNGS FIG 1
Is a 'perspective view of a flask with a cap and a plug. FIG 2 is a cross
sectional view of the cap and plug of FIG 1 taken along line 2-2 thereof.
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FIG 3 is a perspective view of the flask with a cap of FIG 1 wherein the
plug is renpvably attached to the top of the cap.- FIG 4 is a cross
sectional view of the cap and plug of FIG 3 taken along 4-4 thereof. FIG
5 is an alternate enbodi mrent of the invention illustrating a perspective
view of aroller bottle with a cap and a plug. FIG 6 is a perspective view
of the roller bottle with a cap of FIG 5 wherein the plug renovably
attached to the top of the cap.
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. DETAI LED DESCRI PTION While this invention is satisfied by embod3fif &l n

" many different forns, there is shown in the drawings and will herein be
described in detail, the preferred enbodi nents of the invention, with the
understanding that the present disclosure is to be considered as exenplary
of the principles of the invention and is not intended to limt the

I nvention to the enbodinents illustrategd. Various other nodifications
will be apparent to and readily made by those skilled in the

VESSEL AND CLOSURE ASSEMBLY

BACKGROUND OF THE INVENTION

| 1. Field of the Invention

This invention relates to a device for cell culture production, and
more particularly to a vessel and closure assembly having means for
varying the gas diffusion rate into and out of the vessel.

2. Description of Related Art

Typically, cells are cultured under conditions in which the hydrogen
ion concenfration (pH, the negative logarithm of the hydrogen ion
concentration), temperature, humidity, osmolarity and concentration of
certain ions are controlled within relatively narrow limits.

Vessels that are used in such tissue culture systems are typically
made from plastic and include closures. Such vessels and closures are
illustrated in U.S. Patent Nos. 4,289,248, 4,387,822, 4,770,308 and
5,047,347. ' ' :

In typical culture systems, pH is maintained near physiologic levels
by utilizing a buffering system in the tissue culture fluid, in conjunction
with an incubator in which carbon dioxide (CO9) is infused at a rate
sufficient to maintain a concentration in the incubator atmosphere of
approximately S to 7 volume percent. The COq reacts with water to form
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. art without departing fromthe scope and spirit of the invention. The scope

~of the invention will be neasured by the appended clains and their
equivalents. FIG 1 illustrates a cell culturing vessel 10, a flask 12, a

. cap 20 and a plug 22. The flask is preferably nmade from i npact resistant
plastic or glass which is gas inperneable, optically clear, non-toxic and-
inert wth respect to the cells to be CBItured. Fl ask 12 has a body 14 that
defines a chanber 16 in which :

a weak acid and a carbonic acid, which in turn interacts with the
buffering system to maintain the pH near physiologic levels. Entry of
COg from the incubator into the tissue culture vessel is generally
achieved by utilizing a closure on the vessel such as, a loosely fitting cap,
a stopper or a cap with a permeable membrane. Equilibrium in the
vessel is maintained by allowing gas exchange with the inside of the
vessel and the atmosphere of the incubator while preserving sterility and
preventing liquid leakage. A loosely fitting ‘cap or a stopper is partially
opened to either to an approximate extent determined by the user or by
the closure design. o :

Removal of the vessel from the controlled atmosphere of the
incubator is often required during growth and culturing of cells. The
vessels are usually removed for inspection and/or treatment of the cells
and culture fluids. It is important that the pH of the cell culture be
maintained at the desired physiologic level while the vessel is outside of
the incubator. |

A special need exists for an improved closure assembly for a culture
vessel which (1) provides rapid and uniform equilibration between the
vessel atmosphere and the incubator; (2) allows the culture vessel to be
removed from the controlled atmosphere of the incubator for reasonably
long times without subjecting the cell culture to undesirable changes in
the pH of the system; and (3) is reusable.

-

SUMMARY OF THE INVENTION

The present invention is a vessel comprising a chamber, an
opening, a closure or other means associated with the opening, means for
allowing gas diffusion into and out of the vessel and means for occluding
the diffusion of gases. Most preferably, the closure seals the vessel.

Preferably, the vessel is a ﬂasig, roller bottle, tube, spinner flask,
stirred bioreactor or any vessel that requires gas exchange. Most
preferably, the vessel is a flask or roller bottle.
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material is adapted to be held until such tine as the sane is w thdrawn or

" dispensed. It is uninportant whether body 14 is nade of a collapsible or
no-col | apsi ble material, such as netals, plastics or glass. 6 As shown
in FIG

2, flask 12 includes a neck 18 whjch is threaded

Desirably, the closure is a cap, push cap, threaded cap, screw cap
or a stopper. Most preferably, the closure is a cap.

Preferably, the closure comprises a top end with means for 'allowing
gas diffusion into and out of the vessel. Preferably, the means for
allowing gas diffusion is gas permeable membrane.

Further associated with the closure is means for occluding the gas
permeable membrane without disturbing the seal between the closure
and the vessel. Preferably, the means for occluding the membrane is a
plug. The plug may be removably attached to the closure to restrict or
make available the membrane to the atmosphere.

Most preferably the plug is plastic and comprises means for easy
accessibility to the user. '

A nearly gastight seal is superimposed when the plug is used with
the closure. The plug may be removed away from the top of the cap to
expose the membrane to the atmosphere. During the time the vessel is
in an incubator, and the specific culture procedure requires the entire
membrane to be exposed to the atmosphere of the incubator, the plug
may be removed from the top of the cap to expose the membrane to the
atmosphere. The plug may be reapplied to cover the membrane when the
vessel is removed from the controlled atmosphere of the incubator so that -
the vessel may be left outside the incubator for relatively long periods of
time. Therefore, by covering the membrane with the plug, substantial
escape of gases from the vessel is prevented and therefore undesirable
changes in the pH of the culture does not result.

The removal of the plug from the closure allows for rapid and
uniform equilibration between the atmosphere in the vessel and the
incubator. However, when the plug is removably attached to the closure
to occlude .the membrane, the vessel is a closed system and entry of
microbial organisms into the vessel is prevented.
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. to receive a cap 20. The neck 18 is integral wth the vessel and defines a
cylindrical conduit having one end integral with the vessel and the other
end defining an openi ng through which the cells and culture fluids nay be

. introduced into the body of the flask. Neck 18 and _cap 20 constitute one of
a nunmber of well known neans-for introducing materials such as mammali an
cells and culture fluids into body 16. is conventionally know, cap 20 is
unscrewed fromneck 18 to provide an openi ng through which cells and
culturing fluids can be introduced into the flask. The cap

Printing may be placed on the plug or the surface of the plug may
be such that additional information may be hand written on the plug.

The plug does not compromise sterility or invite leakage into the
vessel when removably attached to the closure. A further advantage is
that gas exchange takes place exclusively through the membrane without
having to crack the vessel's cap when the plug is removed from the
closure.

A further advantage of using the plug is that the need for a cap
without the membrane is eliminated.

A further advantage is that the plug ensures consistency of the cell
culture conditions and also facilitates the production of multiple cell
cultures for large scale production. Such large scale production
applications often utilize transformed or partially transformed cell lines
that overproduce CO9 and lactic acid when grown to very high density in
order to generate significant amounts of a commercial bioproduct, such
as erythopoeitin (EPO) or tissue-type plasminogen activator (t-PA). In
such large scale production applications wherein multiple vessels are
réquired, each vessel in the production line can have the plug removed at
the same time (obviating the need to guess on the amount of vent to
provide).

Other important advantages are that the plug is reusable and that
is economically feasible to manufacture.

DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of a flask with a cap and a plug.

FIG. 2 is a cross sectional view of the cap and plug of FIG. 1 taken
along line 2-2 thereof.
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-i's subsequently screwed back onto the neck to re-seal the flask. As shown
in FIG 2, plug 22 has a short cylindrical base 24, an internedi ate fl ange
26 and a hanger tab 28, all of which are integrally fornmed. Spaced

~-downwardly fromthe flange are two detents 30 that are optional. Hanger
tab 28 is provided with an aperture 32 for accommodati ng a neans of
suspensi on or a neans for easy access by the user. The plug may be nade of
a nol ded thernoplastic materialL

FIG. 3is a perspective view of the flask with a cap of FIG. 1 wherein
the plug is removably attached to the top of the cap.

FIG. 4 is a cross sectional view of the cap and plug of FIG. 3 taken -
along 4-4 thereof.

FIG. 5 is an alternate embodiment .of the invention illustrating a
perspective view of a roller bottle with a cap and a plug.

FIG. 6 is a perspective view of the roller bottle with a cap of FIG. 5
wherein the plug removably attached to the top of the cap.

DETAILED DESCRIPTION

While this invention is satisfied by embodiments in many different
forms, there is shown in the drawings and will herein be described in -
detail, the preferred embodiments of the invention, with the
understanding that the present disclosure is to be considered as
exemplary of the principles of the invention and is not intended to limit
the invention to the embodiments illustrated. Various other
modifications will be apparent to and readily made by those skilled in the
art without departing from the scope and spirit of the invention. The

scope of the invention will be measured by the appended claims and their
equivalents.

FIG. 1 illustrates a cell qulturing vessel 10, a flask 12, a cap 20 and
a plug 22. The flask is preferably made from impact resistant plastic or
glass which is gas impermeable, optically clear, non-toxic and inert with
respect to the cells to be cultured. :

Flask 12 has a body 14 that defines a chamber 16 in which
material is adapted to be held until such time as the same is withdrawn
or dispensed. It is unimportant whether body 14 is made of a collapsible
or no-collapsible material, such as metals, plastics or glass.
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_ Representative materials include, for exanple, polyethylene,
pol ypropyl ene and pol yvinyl chloride. As shown in FIG 2, cap 20 has a top
surface 36, a bottom stop |edge 38, an annul ar outer skirt 40 extendi ng

. fromthe top surface to the bottom stop | edge.
an outer wall surface 42 and an inner wall surface 44. Cap 20 further has
an i nner annul ar inverted recessed skirt_portion 46 that extends fromtop

surface 36 to a bottom surface 48. The anerted recessed skirt portion

defines a

As shown in FIG. 2, flask 12 includes a neck 18 which is threaded
to receive a cap 20. The neck 18 is integral with the vessel and defines a
cylindrical conduit having one end integral with the vessel and the other
end defining an opening through which the cells and culture fluids may
be introduced into the body of the flask. Neck 18 and cap 20 constitute

- one of a number of well known means for introducing materials such as

mammalian cells and culture fluids into body 16. As is conventionally
know, cap 20 is unscrewed from neck 18 to provide an opening through
which cells and culturing fluids can be introduced into the flask. The cap
is subsequently screwed back onto the neck to re-seal the flask.

_ As shown in FIG. 2, plug 22 has a short cylindrical base 24, an
intermediate flange 26 and a hanger tab 28, all of which are integrally
formed. Spaced downwardly from the flange are two detents 30 that are
optional. = Hanger tab 28 is provided with an aperture 32 for
accommodating a means of suspension or a means for easy access by the
user.

The plug may be made of a. molded thermoplastic material
Representative  materials include, for example, polyethylene,
polypropylene and polyvinyl chloride.

As shown in FIG. 2, cap 20 has a top surface 36, a bottom stop
ledge 38, an annular outer skirt 40 extending from the top surface to the
bottom stop ledge. The annular outer skirt has an outer wall surface 42
and an inner wall surface 44. Cap 20 further has an inner annular
inverted recessed skirt portion 46 that extends from top surface 36 to a
bottom surface 48. The inverted recessed skirt portion defines a
compartment area SO on the top surface of the cap. The inner wall
surface of the annular outer skirt and the inner annular inverted
recessed skirt are spaced from each other to define an annular space 52.
The cap further has an orifice 54 in the inverted recessed skirt portion on
the top surface. A gas permeable membrane 56 is attached to the orifice.
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. conpartnent area 50 on the top surface of the cap. The inner wall surface
of the annular outer skirt and the inner annular inverted recessed skirt
are spaced fromeach other to define an annul ar space 52. The cap further

. has an orifice 54 in the inverted recessed skirt portion on the top

surface. A gas perneable nenbrane 56 is attached to the orifice.

The gas permeable membra‘7nc 56 may be made from any suitable
gas permeable material so long as it provides free passage of gases such
as oxygen and carbon dioxide into body 14 while preventing bacteria and
fungi from passing there through Membrane materials provide adequate

~ rates of carbon dioxide and oxygen permeability while preventing passage
of micro-organisms. Several gas-permeable materials having suitable
pore size sufficient to permit fre¢ passage of oxygen and carbon dioxide
while preventing passage of bacteria and fungi are available, these
materials include polyethylene, polycarbonate acrylic co-polymers and
polytetrafluoroethylane.

As shown in FIGS. 3 and 4, when plug 22 is removably secured to
cap 20, compartment area S0 of the cap receives cylindrical base 24 of
the plug. The plug is pushed into the compartment area and further
inward travel of the plug is limited by the frictional contact between tae
base of the plug and the sides of the compartment area. When it is
desired to remove the plug from the cap, the flask is held in one hand,
the hanger tab is grasped with two fingers of the other hand and the flask
and plug are rotated relative to one another in either direction and pulled
axially out of the compartment area without difficulty. It is obvious that
the plug may be reinserted into the cap and rewithdrawn therefrom
innumerable times making the plug reusable for a long period of time.

In use, plug 22 is removably secured to cap 20 when the flask is
outside of the controlled atmosphere of the incubator. When flask 12 is
placed within the controlled atmosphere of the incubator, the plug is
removed to allow communication between the gases in the incubator
atmosphere and body 14 to provide rapid and uniform equilibration.

The invention, as shown in FIGS. 5 and 6 includes many
components which are substantially identical to the components of FIGS.
1-4. Accordingly, similar components performing similar functons will
be numbered identically to those components of FIGS. 1-4, except that a

suffix "a" will be used to identify those similar components in FIGS. 5 and
6.
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. 7 The gas perneabl e menbrane 56 may be made from any suitable gas perneabl e
material so long as it provides free passage of gases such as oxygen and
carbon di oxide into body 14 while preventing bacteria and fungi from

- passing there through. Menbrane materials provide adequate rates of carbon
di oxi de and oxygen perneability while preventing passage of

m cro-organi sns. Several gas-perneable materials having suitable pore size
sufficient to permt free passage of oxyd%n and carbon di oxi de

Roller bottle 60, cap 20a and plug 22a as shown in FIGS. 5 and 6
are an alternate embodiment of a culture vessel system that can be used
inside the controlled atmosphere of the incubator to provide rapid and
uniform equilibration between the gases in the incubator and the vessel.

Although the vessel in accordance with the present invention may
have other uses with cell culturing systems in which gas permeability of
the vessel is desired, the present invention is especially well suited for
use in the constant carbon dioxide atmosphere incubators where it is
desirable to allow the exchange of gases in the body of the vessel.

P2833.APP
NST
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_ Wwhile preventing passage of bacteria and fungi are avail abl'e,

mat eri al s i nclude pol yet hyl ene, pol ycarbonate acrylic c
pol ytetrafl uoroet hylane. As shown in FIGS. 3 and 4, Wheﬁ,m ,Em”m
renovably secured to cap 20, conpartnent area 50 of the tap recemv

cylindrical base 24 of the plug. The plug is pushed into the conpartnent
area and further inward travel of the plug is linmted by the frictional

contact betWEEAT IBcChAIMED IShe pl ug and the sides of the corrpartment ar ea.
When it is

1. An assembly adapted for use in growing cell cultures in
incubators comprising:

a vessel comprising a chamber and a neck connected to said
chamber having an opening for mtrodumng cells and culture fluids into
. said chamber;

a closure for covering said opening in said neck comprising means
for removably mounting said closure to said neck, and means for allowing
gas diffusion into and out of said vessel; and

-a plug removably attached to sald closure for occluding gas
diffusion into and out of said vessel.

2. The assembly of Claim 1 wherein said means for removably
mounting said closure includes a threaded portion on said neck and a
mating threaded portion on said closure to provide screw type mounting
of said closure to said neck.

3. The assembly of Cla1m 1 wherein said vessel is a flask or a
roller bottle. : '

4.  The assembly of Claim 1 wherein said closure is a cap or a
stopper.

5. The assembly of Claim 1 wherein said means for allowing gas
diffusion into and out of said vessel is a gas permeable membrane.

6. The assembly of Claim 4 wherein said cap comprises a top
portion, a bottom portion, an annular skirt extending from said top
portion to said bottom portion and having an inner surface and outer
surface, an inner inverted skirt portion surrounded by said inner surface
of said annular skirt and extending from said top portion toward said
bottom portion, an annular space between said inner surface of said
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. desired to renove the plug fromthe cap, the flask is held in one hand, the
hanger tab is grasped with two fingers of the other hand a,MlI!“'"gmHluﬁrlm
plug are rotated relative to one another in either directi

axially out of ‘the conpartnment area without difficulty. It is obvVi olls t hat

the plug may be reinserted into the cap and rewi thdrawn therefrom

I nnunmer abl e ﬁxﬁﬁ%r@ﬁg | S er| of ti.me,
use, plug 2271s rem)va H@a(lzg lieig {tgac%ﬁg%ﬁ %%8%‘%5@%&% ad-ﬁ?slflo%al‘éf
the control 1198 BRTRAD ﬁfg)fe {% sapt ipverded slgitpamtioskand au; orifice in said

top portlon as dcﬁncd by said inverted skirt portion surrounded by said

compartment area, whereby said means for allowing gas d1ffus10n into
and out of said vessel is attachéd to said orifice.

7. The assembly of Claim 6 wherein said plug comprises a
cylindrical base, a intermediate flange and a hanger tab.

8. The assembly of Claim 7 vﬁhcrein said cylindrical base of said
plug is removably secured to said compartment area of said cap whereby
gas diffusion into and out of said vessel is occluded.

. 9. The assembly of Cla1m 8 wherein said plug is removed from
sa1d compartment area of said cap by rotating said vessel and plug
rela_uve to one another in either direction and pulling said plug axially out
of said compartment area.
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pl aced within the control | ed at rmsphereiof the I ncubator, the plug is
removed to all ow comruni cati on bet'ween the gases in the incubator

at nosphere and body 14 to provide rapid and uniformequilibration. The

i nvention, as shown in FIGS. 5 and 6 includes nany conponents which are
substantially identical to the conponents of FIGS. 1-4. Accordingly,
simlar conponents performng simlar functions wll be nunbered
identically tao those conponents of FIGS: 1-4, except that a suffix "a" wll

be used to identify those sjmilar components in FIGS 5 and

ABSTRACT OF THE DISCLOSURE

A vessel and closure assembly for culturing cells wherein a gas
permeable membrane is provided in the closure to allow rapid and
uniform equilibration of gases between the atmosphere of the vessel and
the atmosphere of the incubator. A plug is provided for occluding
passage of gases through the gas permeable membrane when the vessel
is removed from the controlled atmosphere of the incubator.

‘Figure 1
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. b.
are an alternate enbodi ment of a cul ture vesdel
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8 Roller bottle 60, cap 20a?a_ﬁd_.'jp)isl;-ggjg._:_é:Za as shown in FIGS. 5 and 6

systemthat can be used

i nside the controll ed atnosphere of the incubator to provide rapid and
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uni formequilibration between the gases in the incubator and the vessel.

Al t hough the vessel in accordance with the present invention may have ot her
uses with cell culturing systens in which gas perneability of the vessel is
desired, the present invention is especially well suited for use in the
constant carbon di oxi de at nosphere incubators where it is desirable to
all ow the exchange of gases in the bodyzof the vessel. P2833. APP NST
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26 DEC 1996 - 9 - CLAIMS A culture vessel constructed to grow cel
cultures in incubators conprising: a vessel

conpri sing a chanber and a neck
connected to said chanber having
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-an opening for introducing cells and culture fluids into said chanber; a
-cap for covering said opening in said neck conprising a top surface, a
bottom stop | edge, an annul ar skirt extending fromsaid top surface, to
“said stop | edge and having an inner surface and outer surface, an inverted
skirt portion surrounded by said inner surface of said annular skirt and
extending fromsaid stop surface toward a bottom surface inverting at said
bottom surface and upwardly extendi ng t oftar d sai d top surface form ng an
upwar dl y extendi ng annul ar conpartnment area, an orifice in said inverted
skirt portion surrounded by said
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<annul ar conpartnent area, a gas perneable nmenbrane or allow ng gas
-diffusion into and out of said vessel inside said orifice and neans for
removabl y nounting said cap to said neck; and a plug renovably attached to
“said cap for occluding gas diffusion into and out of said vessel that
conprises a cylindrical base, an internediate flange and a hanger tab. 2.
The assenbly of claim 1l wherein said vessel includes a threaded portion on
said neck and a mating threaded portion On said cap to provide screw type
mount i ng

FIG—6
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of said cap to said neck. 3. -,' The assenbly of claim1l V\/qmaf-n?%”afl

vessel iﬂm “ﬂ lmw” theform&f a'flask or roller bottle. 4.

The ass n ”" ere| n said vessel is constructed in the formof a’
flask. 5. " The*assenbly of Eal m 3 wherein said vessel is

- constructed in the f'orm of aroller bottle. 6. The assenbly of

claim 1 wherein said cylindrical base of said plug is
annular s and said inverted skir+ portion, a compartment area in said

top portion as defined by said inverted skirt portion and an orifice in said
' top portion as defined by said inverted skirt portion surrounded by said
compartment area, whereby said means for allowing gas dlﬂ'usmn into
and out of said vessel is attachcd to said onﬁcc .
7. The assembly of Claim 6 wherein said plug comprises a
cylindrical base, a intermediate flange and a hanger tab. '

8.  The assembly of Claim 7 wherein said cylindrical base of said
plug is removably secured to said compartment area of said cap whereby
gas diffusion into and out of said vessel is occludcd -

9. The assembly of Claim 8 wherein said plug is removed from
sa:Ld compartment area of said cap by rotating said vessel and plug
relative to one another in either direction and pulling said plug axally out
of said compartment area.
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r enovably Secured i nsi said corrpartrrent ar ea .of -saLd,,cap,,..mheL eby il it

di ffu5| f sai d vessel is- ocCludéﬁ“i {4 he assenbl y
of cI ai m,!ll m Iir Ir plug is renmoved from sard- €61 _"area of
gai d vessel and plug relad e 1qQ ane o] & i n either
d| rect ion and pul i ng said plug axigly out of is i cdmaﬁ@&enﬁ ér ea.
;
1. A culture vessel constructed to grow cell cultures in incubators comprising:

a vessel comprising a chamber and a neck connected to said chamber having
an opening for introducing cells and culture fluids into said chamber;

a cap for covering .said opening in said neck comprising a top surface, a
bottom stop ledge, an annular skirt extending from said top surface, to said stop
Jedge and having an inner surface and outer surface, an inverted skirt portion
surrounded by said inner surface of said annular skirt and extending from said stop
surface toward a bottom surface inverting at said bottom surface and upwardly
extending toward said top surface forming an upwardly extending annular
compartment area, an orifice in said inverted skirt portion surrounded by said
annular compartment area, a gas permeable membrane or allowing gas diffusion into
and out of said vessel inside said orifice and means for removably mounting said
cap to said neck; and

a plug removably attached to said cap for occluding gas diffusion into and
out of said vessel that comprises a cylindrical base, an intermediate flange and a
hanger tab.

2. " The assembly of claim 1 wherein said vessel includes a threaded portion on
said neck and a mating threaded portion on said cap to provide screw type mounting
of said cap to said neck.

3. The assembly of claim 1 wherein said vessel is constructed in the form of a
flask or roller bottle.

4. The assembly of claim 3 wherein said vessél is constructed in the form of a
flask. - '

5. . The assembly of claim 3 wherein said vessel is constructed in the form of a
roller bottle.

6. The assembly of claim 1 wherein said cylindrical base of said plug is
removably secured inside said compartment area of said cap whereby gas diffusion
into and out of said vessel is occluded.

7. The assembly of claim 6 wherein said plug is removed from said |
compartment area of said cap by rotating said vessel and plug relative to one another
in either direction and pulling said plug axially out of said compartment area.
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VESSEL AND CLOSURE ASSEMBLY
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A vessel and closure assembly for culturing cells wherein a gas
permeable membrane is provided in the closure to allow rapid and
‘uniform equilibration of gases between the atmosphere of the vessel and
the atmosphere of the incubator. A plug is provided for occluding
passage of gases through the gas permeable membrane when the vessel
is removed from the controlled atmosphere of the incubator. |

Figure 1
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