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APPARATUS AND METHODS OF USE
Related Applications
[001] This application claims priority to U.S. Ser. No. 61/913,960 filed December 10, 2013 and
U.S. Ser. No. 62/054,557 filed September 24, 2014, both of which are hereby incorporated in

their entirety into this application.

Field of the Disclosure
[002] This disclosure relates to equipment utilized to manufacture chemical agents, particularly

biopharmaceuticals, using Disposable Containers (DCs).

Background of the Disclosure

[003] This disclosure relates to devices and methods for the manufacture of chemical and / or
biological products Such as biopharmaceuticals using Disposable Containers (DCs). For
instance, fermentors or bioreactors commonly provide a reaction vessel for cultivation of
microbial organisms or mammalian, insect, or plant cells to produce Such products. This

disclosure provides improved systems and parts for use in Such systems (or other systems).

Brief Description of the Drawings

[004] Figure 1. Exemplary DC packaging and integrity system.

[005] Figure 2. Exemplary DC packaging and integrity system (assembly in process).

[006] Figure 3. Exemplary DC packaging and integrity system (assembled).

[007] Figure 4. Exemplary DC packaging and integrity system (testing).

[008] Figure 5. Packaging and integrity testing system in use. A. DC /impeller assembly
prepared for packaging into PVC container. B. DC / impeller assembly compacted into PVC
container. C. Inlet and outlet tubing (e.g., 3 in Fig. 1) of DC attached to top plate. D. Sealed
container enclosing DC / impeller assembly attached to water-based integrity testing system.
[009] Figure 6. Vertical deployment of DC.

[0010] Figure 7. Horizontal deployment of DC. A. Schematic illustrating horizontal
deployment of DC. B. DC arranged prior to horizontal deployment. C. DC in the process of

horizontal deployment.
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[0011] Figure 8. Exemplary foam management device.

[0012] Figure 9. Exemplary seal arrangement.

[0013] Figure 10. Exemplary detachable coupling device (DCD). A. Top and isometric view.
B. Side view. C. Second isometric view. D. DCD attached to DC. E. DC being manipulated
using DCD. F. DC with DCD in container.

[0014] Figure 11. DCD attached to impeller assembly (agitator shaft and impeller).

[0015] Figure 12. Exemplary sample port.

[0016] Figure 13. Exemplary improved impeller.

[0017] Figure 14. Exemplary DC including assymetrically-positioned implement port.

[0018] Figure 15. Exemplary low profile seal housing.

Summary of the Disclosure
[0019] This disclosure provides systems and parts for use in Such systems (or other systems)
relating to the manufacture of chemical and / or biological products Such as biopharmaceuticals

using Disposable Containers (DCs).

Detailed Description

[0020] This disclosure provides systems and parts for use in Such systems (or other systems)
relating to the manufacture of chemical and / or biological products Such as biopharmaceuticals
using Disposable Containers (DCs). For instance, in certain embodiments, packaging and
integrity systems are described. Vertical and horizontal DC deployment systems are also
described. Foam management devices for with DCs are also disclosed. Novel sample ports and
seal arrangement are described as well. And improved impellars are described as well. These
various embodiments may be combined into a single system or used individually (or in

combination) in other systems. Details of these various embodiments are described below.

[0021] Packaging and Integrity Testing System

[0022] The use of single use containers or disposable container (DCs) in manufacturing
processes has increased rapidly in recent years. Maintaining the sterility of DCs during
shipment and confirming that sterility has been maintained after delivery remains a challenge.

Even very small holes or leaks in the walls and / or seals of DCs may allow contaminants (e.g.,
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bacteria) to enter the container from the environment. Joints and seals between tubing and
valves of DCs present a particularly difficult challenge as the chances of a breach in the integrity
in such areas is very high. Present tests under pressure are typically conducted with DCs at their

inflated volume (e.g., substantially maximal volume).

[0023] A common method for leak detection is the pressure decay method. In this method, the
DC is first filled with gas to a predetermined pressure. It is then left to stabilize for as much as
five to ten minutes, and the pressure is then re-measured. If the pressure has decreased, this
indicates that some of the gas has escaped from the container, and the precise drop in pressure
can be correlated to the size of the defect (e.g., one or more holes). However, the larger the size
of the DC, the less accurate the test becomes as it is difficult to maintain the shape of the DC.
An improved version of this test involves constraining the DC in which the DC is pressurized
between two plates. The test is rendered more accurate, as an unconstrained bag is more likely
to sag and deform, which gives a false impression of the pressure inside. Such methods are
typically only useful for detection of defects of a minimum size of about 100um, which is not
sufficient to confirm the integrity of the DC since bacteria can penetrate defects as small as
15um. Thus, the defect detection limit for DCs must be extended to at least 10um to ensure
contaminants Such as bacteria cannot enter the DC. A similar concept, helium integrity testing,
may allow detection of defects down to 10um. In this method, a DC is placed inside a sealed
rigid container and a vacuum is applied. Helium is then injected into the DC and, as has been
reported, will escape through defects as small as 10um. Detection of helium in the container
(using, e.g., a spectrometer) indicates the DC has a defect. However, none of these systems
provide a comprehensive system for packaging, shipping and integrity testing of DC from

delivery to and from initial assembly and upon receipt at client sites.

[0024] This disclosure provides a system for testing the integrity of a DC in the original
packaging upon receipt by the recipient prior to installation and / or use. As described herein,
the system allows the user to test the integrity of the DC at less than full volume (e.g., as DCs
are typically shipped) to provide a high level of assurance as to the integrity of the DC. As
described herein, the system provides the user the ability to test the integrity of a DC at reduced

volume and constant pressure test for integrity where the DC is contained in a vessel. Thus, the
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test may be be applied to detect leaks in DCs at inflation pressures at deflated chamber voumes.
As described herein, the DC flexible components are typically configured / arranged by folding /
rolling (with or without spacing materials) wherein the physical volume is reduced and the
surface area of the DC is maintained to allow for gas flow through defects to pass and be
collected in the vessel and measured. In this system, the packaging material serves as a
reservoir to collect any gas which leaks from the DC and channels this to a flow measuring
device whereby the defects can be quantified to off-set initial equilibration of the package and

DC, and as the DC is inflated and the air/gas from the packaging is displaced.

[0025] In some embodiments, this sytem includes a device for simultancously providing for
packaging and integrity testing of DCs (e.g., disposable bioreactors) is provided. These devices
provide a non-destructive way to test DC’s such as disposable bioreactors and related systems
after manufacture and packaging, and prior to installation. Certain embodiments provide a first
container enclosing a DC where the first container comprises a top surface, a bottom surface,
and a sterilizable (or sterile) interior volume. The first container also preferably includes an
outlet, and an inlet comprising a filter. The bottom surface of the first container also preferably
comprises a pedestal upon which the inflatable container may be supported. The DC is typically
sterilizable (or sterile) and may be positioned upon or supported by the pedestal. The first
container is arranged to constrict the volume of the DC. The filter may maintain the sterility
within, and / or allow air/gas to enter the interior volume. The integrity of the DC may be tested
by filling the same with air/gas through the inlet and measuring the release of air/gas from the
DC through the outlet. “Integrity” refers to the maintenance of an air/gas tight condition of the
DC. The integrity of the DC may be confirmed by the failure to detect any release of gas and /
or liquid from the DC into the first container which surrounds the first container. Integrity may
be tested at partial and / or full volume capacity (e.g., of the DC). The first container provides
support to the DC Such that it may be inflated at less than its full volume and test the entire
surface of the second container for defects (e.g., mechanical defects). Integrity may also be
tested at eclevated pressures, e.g., above those pressures the second container typically
encounters when used in practice (e.g., a fermentation reaction). Release of the gas and / or

liquid may be detected by any method known to those of ordinary skill in the art.
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Figs. 1-5 illustrate a particular embodiment of a packaging and integrity testing device. As
shown in Fig. 1, the device may comprise a container 1 (e.g., pipe such as a PVC pipe of
sufficient diameter to enclose a DC), top plate 2 (e.g., removable) comprising a flange with at
least one pipe 3 protruding through the top and bottom of the surface thereof (e.g., in
communication with the exterior and interior of container 1) (see also Figs. SC-D), gas filter 4
affixed (e.g., removably affixed) to the interior portion (e.g., relative to the container) of at least
one of said tubes 3, support plate S, and bottom plate 6 comprising a flange (see also Fig. SA).
Bottom plate 6 may also comprise or be in contact with a mount 7 (e.g., a pedastel) for a mixer
assembly. The mount may also be in contact with support plate 5, and / or be positioned
between support plate 5 and bottom plate 6. DC 8 is typically mounted upon support plate 5
(c.g., optionally along with the mixer assembly such as an impellar and support components).
Fig. 2 illustrates a partially assembled device; top plate 2 comprising two pipes 3 is shown ready
for attachment to container 1 in which DC 8 is mounted upon support plate § which is mounted
upon mount 7 which is attached to bottom plate 6 (see also Fig. 5B). Fig. 3 illusrates the device
in the closed configuration (e.g., ready for shipment and / or integrity testing). Fig. 4 illustrates
the gas flow pattern into and out of the container during integrity testing (see also Figs. SC-D).
As illustrated therein, gas may be introduced into container 1 through air filter 4 via, for
instance, the exterior portion of tubing 3 (e.g., the nipple thereof) and the container pressurized
to an appropriate psi (e.g., 1-5 psi). The pressure is typically held for an appropriate amount of
time (e.g., any of 1-100 minutes) and any pressure drop over that time noted. Any pressure drop
(e.g., gas flow out) may be measured using an inverted cylinder in water or other liquid. In
some embodiments, the container may be pressurized, the DC filled with gas, and any gas that
escapes may collected in the container and directed to a detection device (Gas Rotameter,
Inverted Graduate Cyinder) in a manner consistent with integrity testing of membrane filters. If
no significant pressure drop (e.g., when using a water-based detection system, if one or more
bubbles are observed) is detected, one may conclude that the DC does not have any leaks (e.g., it
is integral). This is a significantly more sensitive than current integrity tests and may be

performed during installation.
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[0026] Packaging and Integrity Testing System (Vacuum Test)

An alternative test methods to applying positive gas pressure into the DC, negative pressure or
Vacuum can be used along with to create a potential leak into the DC which can be detected by
means internal to the DC such as with a residual amount of suitable liquid which when directed
over seams within the bag can serve to obviate bubbles which would be due to a non-integral
seal of defect in the DC. An alternative means to detect would be with gas or vapor challenge
(c.g. Propylene Glycol) source external to a DC with a means of detection either instrument (e.g.

helium detector) or visual within the DC

[0027] Vertical Deployment System

[0028] DCs positioned vertically within a container are typically filled from the bottom to the
top using a mechanical device that serves to raise the DC as it is being filled. In this way, the
DC may achieve its full volume without being impeded by wrinkles and the like in the DC
material as it is being filled. Typically the DC is vertically raised in the container using a hoist
or other type of equipment for providing a lifting/stretching force on the DC as it is being filled.
Although these types of systems are widely used in the industry, the use of equipment to raise
the DC as it is being filled presents various problems such as the risk of tearing the DC film. To
solve such problems, this disclosure provides a vertical DC deployment system that operates
without the application of any vertical (e.g., upward) force on the DC. Instead, this disclosure
provides a vertical deployment system comprising an apparatus including a housing comprising
an internal volume and an at least partially open bottom panel for positioning a DC prior to
filling and supporiting the DC during and after filling; and inlet and outlet tubing (e.g., each
typically comprising a sterile filter and valve(s) attached to the DC through the at least partially
open bottom panel, the inlet and outlet tubing each comprising a sterilizing filter and valve(s)).
The DC may be filled with fluid (e.g,. already sterile or that is sterilized as it moves through the
inlet tubing sterile filter) through the inlet tubing; and, as the DC is filled, the volume thereof
expands into the internal volume of the housing vertically without application of additional
upward force on the sterile DC. An embodiment of the vertical deployment system is illustrated

in Fig. 6.
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[0029] Horizontal Deployment System

[0030] As described above, DCs positioned vertically within a container are typically filled
from the bottom to the top using a hoisting mechanism that serves to raise the DC as it is being
filled. In this way, the DC may achieve its full volume without being impeded by wrinkles and
the like in the DC material as it is being filled. However, in some settings it would be beneficial
to fill the DC horizontally. This may be accomplished by, for instance, positioning the DC at
one end of a horizontal container and filling the DC such that it expands horizontally across the
container. The DC may be be in any configuration prior to filling but one particularly useful
configuration may be as a roll. If filled from the rolled configuration, the DC may conveniently
unroll horizontally across the horizontal container. In some embodiments, the horizontal
container may be a horizontal holding tank comprising a housing comprising an at least partially
open panel and a closed panel; a rolled sterile DC positioned adjacent to the at least partially
open panel of housing; and, inlet and outlet tubing protruding through the at least partially open
end of the housing. Typically, the inlet tubing comprises a sterile filter such that any fluid
entering the DC would be (e.g., or become) sterile. This device may therefore be used by
positioning a rolled sterile single use container proximal to the partially open panel and distal
from the closed panel. The DC is then filled with a sterile fluid (e.g., either already sterile or
sterilized as it passes through the sterile filter) through the inlet tubing such that it unrolls
horizontally from the partially open panel toward the closed panel of the housing as it is filled.

Embodiments of this horizontal deployment system are illustrated in Fig. 7A-C.

[0031] Foam Management Device

[0032] Another challenge when using DCs is filter fouling due to foaming during the reaction,
which can interfere with the venting of gasses from the DC. In some embodiments, this
disclosure provides an anti-foaming device comprising a chamber comprising an internal
volume having a tortuous path formed by static mixer and/or granules within, where the static
mixer and/or granules are composed of a sterilizable material. The chamber is attachable to a
DC at one end and a vent at another end to form a passage between the DC and a sterile vent
filter arrangement comprising one or more filters. The DC typically holds fluid for a reaction
that produces gas that needs to be exhausted without also losing any of the fluid or allowing the

fluid or foam derived therefrom to interfere with the release of gas from the DC. Using the
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device described herein, foam is prevented from reachin the filters thus assuring a passage is
provided through which the gas may be vented and in the process to reach the vent. During
transport through the chamber, any foam (e.g., fluid comprising one or more bubbles) is
removed such that only gas exits the anti-foaming device and is expelled from the chamber (e.g.,
into the atmosphere). Where fluid in the form of a foam is present in the gas stream, for
instance, the foam therein will be destroyed (e.g., any bubbles will be “popped”) as it moves

through the anti-foaming device such that only gas exits the device and reaches the vent.

[0033] Fig. 8 illustrates an exemplary embodiment of the anti-foaming device. As illustrated
therein, in this embodiment, the interior volume of a chamber contains static mixer and/or
granules (e.g., tortuous path) that collapse the foam (e.g., in the form of bubbles) that enters the
device. The device typically includes an inlet receiving surface and a venting surface positioned
opposite one another on either side of the chamber. The tortuous path are found within the
chamber between the inlet surface and the venting surface. The chamber may be in the form of
tubing (e.g., plastic tubing), for example. Each of the gas inlet surface and the venting surface
may be comprised of a material (e.g., a porous and / or mesh material) which serves to retain the
granules within the container. The material comprising the surfaces may thus serve to
compartmentalize the granules, thereby forming a container. In some embodiments, the anti-
foaming device may be contained within a portion of tubing connected to the DC between the
exhaust port at the top of the DC and before the exhaust. In such embodiments, the anti-
foaming device does not necessarily need to form a completely separate piece of equipment that
may be attached to the venting tubing, for instance. Instead, the anti-foaming device may be
formed by positioning the material at either ends of a section of tubing that contains tortuous
path. One piece of said material may be positioned within the tubing to be proximal to the DC
and distal to the vent, and functions as a gas stream receiving surface. Another piece of material
may be positioned within the tubing to be proximal to the vent and distal to the DC, and
functions as a venting surface. The tortuous path are positioned between the gas stream
receiving surface and the venting surface. In some embodiments, the tortuous path, the tubing,
the material, and / or the DC are composed of substantially the same material. Alternatively, the
device may be manufactured and then inserted into the tubing, for instance. Other embodiments

are also contemplated herein, as would be understood by those of ordinary skill in the art.
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[0034] Seal Arrangement and Housing

[0035] In some embodiments, a seal and seal Housing (e.g. Disposable Seal Housing (DSH))
may be incorporated integral to the DC. Figure 9 illustrates an exemplary DSH comprising
static seal face (2), rotating seal face (3), seal spring (4), bearing (5), seal housing (6), seal
housing cover (7) and retaining screw (8) affixed (e.g., removably affixed) to a shaft (1) of an
impeller. Adaptations to traditional mechanical seals have been made in order to deploy such
seals in DCs. For instance, in one embodiment, mechanical seal arrangement is enclosed in a
DSH and energized within the housing enclosure. Thus, the seal is maintained within the DSH
and associated shaft which may then be attached to other components of the DC to create a
closed system suitable for sterilization. This disclosure enables the seal to be energized within

the seal housing throughout the fabrication, sterilization, transport and use of the DC.

[0036] Low Profile Seal Housing

[0037] DCs typically incorporate fixtures for rotating equipment which are mechanically driven
and may be sealed using various types of mechanical seals. However, there is limited space
upon the DC to locate such seals and other restrictions on positioning such as seam locations.
To solve such problems, this disclosure provides embodiments in which housing of the seal is
positioned within the space of the DC (e.g., the interior space) thereby minimizing the external
profile of the fixture. This provides multiple advantages such as, for instance, simpler handling
and more efficient positioning of the fixture. An embodiment of such a low profile seal housing
is illustrated in Fig. 15. As shown in Fig. 15A, this exemplary housing includes internal seal
housing 1, seal shaft 2, first retaining rings 3, bearing balls 4, internal seal housing retainer 5§,
second retaining ring 6 and O-ring 7. The exemplary housing further comprises a pocket(s) for

using one or more lip seals and/or additional mechanical seals to seal the housing to the DC.

[0038] Detachable Coupling Devices

[0039] Difficulty is also often encountered in configuring DCs and the various devices required
to carry within the DC. For instance, DCs may be used with various types of stirring
mechanisms. Exemplary stirring mechanims may be, for instance, impellers. Typically, a DC
constructed around an impeller or impellers integral to the DC. This presents difficulties with

respect to fabrication, packaging, shipping, sterilization, and / or general handling of the DC.
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This disclosure provides solutions to these problems. An exemplary solution is a detachable
coupling device comprising an attachment point outside the DC and a detachable point inside
the closed DC. This detachable coupling device may also be used to facilitate lifting of an
appartus (e.g., mixing shaft and assembly, perfusion apparatus) to be inserted into a DC. During
assembly, the detachable coupling device may be used to handle a large apparatus to avoid
damage to the DC film. The detachable coupling device thereby allows, for example, the user to
lift and center a large mixing device to be manipulated prior to, during, and after DC fabrication
without decoupling the coupling device from the shaft. In some embodiments, this disclosure
provides a DC comprising at least one attachment mechanism that may include at least two
parts, one positioned within the DC and one positioned exterior to the DC. Upon attachment to
one another, the interior and exterior parts may form a single, two-part attachment mechanism.
The interior part of the mechanism would typically attached to an impellar and any supporting
components thereof. The DC, internal attachment mechanism and other components (e.g., the
impellar) may be sterilized together prior to use. In some embodiments, then, the present
disclosure provides a DC comprising an internal volume, a container comprising an attachment
mechanism comprising a first attachment mechanism at least partially positioned within the
internal volume of the DC and a second attachment mechanism positioned on the exterior of the
container. The first and second attachment mechanisms may be reversibly attached to one
another. The first attachment mechanism may further comprise an attachment mechanism for
reversibly attaching a device contained within the internal volume of the DC thereto. The
second attachment mechanism may further comprise an attachment mechanism for reversibly
attaching a device exterior to the container thereto. Embodiments of detachable coupling

devices are provided in Figs. 10A-F and 11.

[0040] Sample Port
[0041] In some embodiments, a novel sample port may be incorporated in the DC. Figs. 12A-C

illustrate an exemplary sample port. The disposable sample body is shown in Fig. 12A. The
main body may be affixed to a sample port as shown in Fig. 12B. This sampling piece may then
be adjoined to a sealing cap as shown in Fig. 12C. The port is typically adjoined to the DC
such that the sampling piece and cap are internal to the DC and the opposite side of the port is

positioned external to the DC. In one embodiment, then, this disclosure provides a sample port

10
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device comprising main body (e.g., a housing) simultancously in communication with the
internal volume and the exterior of a DC. A sampling piece is adjoined to the main body and a
capping piece. The sample port may be used to remove samples from the reactants contained

within the DC during operation (e.g., at different time points during a reaction).

[0042] Improved Impellers

[0043] This disclosure also provides improved impellers made of lower strength materials (e.g.,
any of the polymers and / or non-metallic materials described herein) useful in conditions that
typically require higher strength materials (e.g., metal). Currently, DCs are limited to mixing
systems with low power output as the energy required for mixing he mechanical strength of
lower strength materials (e.g. polymeric material such as HDPE). In addition, sterilization
procedures (e.g., gamma irradiation) may be incompatible with the use of such lower strength
materials.  This disclosure provides for impellers made from process-compliant (e.g.,
sterilizable, disposable, and / or compliant with USP, ISO and / or other biological reactivity
standards) materials to be used within DCs. The useful strength of the lower strength materials
is increased by providing reinforcement at critical junctures of the impellar as highlighted in
Fig. 11, for example. Two exemplary improvements are shown in Figs. 11B (the expansion of
the hub, termed “YoYo”) and 11C (the addition of a gusset connecting hub and impeller). Both
improvements serve to distribute the forces from the impeller to the hub and averting
localization of stress at the hub.  This improvement was demonstrated using Finite Element

Analysis as described in the Examples

[0044] Thus, this disclosure provides, in some embodiments, a first container enclosing a
sterilizable second container (e.g., a disposable container (DC)), the first container comprising a
top surface, a bottom surface, a sterile interior volume, an outlet, and an inlet comprising a
sterile filter; the bottom surface comprising a pedestal; the second container being positioned
upon the pedestal; wherein: the container constricts the volume of the second container; the
filter provides sterility within, and allows gas to enter, the interior volume of the first container;
and, the integrity of the second container may be tested measuring the release of gas from the
second container through the outlet. Also provided are methods for testing the integrity of such

a second container (e.g., DC) by pressurizing the interior volume of the first container to a

11
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testing pressure and maintaining the testing pressure for a period of time and measuring any

decrease in pressure to detect a defect in the second container.

[0045] In some embodiments, this disclosure provides an apparatus comprising a housing
comprising an at least partially open panel and a closed panel; a rolled sterile single use
container: positioned adjacent to the at least partially open panel of housing; and, comprising
inlet and outlet tubing protruding through the open end of the housing, the inlet tubing
comprising a sterile filter. Also provided are methods comprising positioning a rolled sterile
single use container within a housing comprising a partially open panel and a closed panel, the
container being arranged Such that the container to unrolls horizontally from the partially open
panel toward the closed panel, the container comprising inlet and outlet tubing arranged
opposite the closed end and protruding through the open end, the inlet tubing comprising a
sterile filter; and, filling the container with a sterile fluid through the inlet tubing and sterile
filter Such that the container unrolls horizontally from the partially open panel toward the closed

panel of the housing as the fluid fills the container.

[0046] In some embodiments, this disclosure provides an apparatus comprising: a housing
comprising an internal volume and an at least partially open bottom panel; a sterile single use
container upon the at least partially open bottom panel; inlet and outlet tubing attached to the
sterile single use container through the at least partially open bottom panel, the inlet and outlet
tubing each comprising a sterile filter, wherein the sterile single use container is filled with
sterile fluid through the inlet tubing; and, as the sterile single use container is filled, the volume
thereof expands into the internal volume of the housing without application of additional upward
force on the sterile single use container. In some embodiments, this disclosure provides
methods for filling a sterile single use container using such an apparatus by positioning the
sterile single use container within the housing; and, filling the container with a sterile fluid
through the inlet tubing and sterile filter Such that the container expands vertically from the
partially open panel toward the substantially closed panel of the housing as the fluid fills the

container.

12
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[0047] In some embodiments, this disclosure provides a foam management device comprising a
container comprising an internal volume; tortuous path within the internal volume, the tortuous
path being composed of a sterilizable material; the container being attachable to a sterile single
use container and a vent to form a passage between the sterile single use container and the vent;
wherein the sterile single use container is capable of holding fluid for a reaction that produces
gas which is exhausted through passage to reach the vent, the gas optionally comprising liquid
in the form of a foam; and, any foam present in the gas is destroyed within the passage Such that
only gas reaches the vent. In some embodiments, the tortuous path and the sterile single use
container are composed of substantially the same material. In some embodiments, methods for
venting gas from a reactor by carrying out a reaction in a sterile single use container affixed to
such a device and passing the gas stream resulting from the reaction through the device, wherein

any foam present in the gas stream is destroyed prior to reaching the vent are provided.

[0048] In some embodiments, this disclosure provides a sterile single use container comprising
an internal volume, the container comprising a detachable attachment device comprising a first
attachment mechanism substantially positioned within the internal volume of the container; and,
a second attachment mechanism substantially positioned on the exterior of the container;
wherein the first and second attachment mechanisms may be reversibly attached to one another;
the first attachment mechanism further comprises an attachment mechanism for reversibly
attaching a device within the the internal volume of the container thereto; and, the second
attachment mechanism further comprises an attachment mechanism for reversibly attaching a
device exterior to the container thereto. In some embodiments, wherein the device exterior to
the container is a lifting mechanism. In some embodiments, the device comprises a device body
comprising an internal recessed portion and a first surface opposite a second surface; a coupling
groove; and, an attachment mechanism; wherein the attachment mechanism is affixed to the first
surface and the coupling groove extends from the second surface of the device body formed

within the device body and is in communication with the internal recessed portion.

[0049] In some embodiments, a device comprising a housing in communication with the internal
volume and the exterior of a single use container; comprising one or more attachment points

within each of the internal volume and the exterior of the single use container; and, comprising
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an enclosure comprising a sealing mechanism; wherein a first component may be attached to the
housing through an attachment point within the internal volume of the single use container and /
or within the sealing mechanism; a second component may be attached to the housing through
an attachment point exterior to the single use container and / or within the sealing mechanism;

such that the first and second components are reversibly attached to one another.

[0050] This disclosure also provides improved impeller designs comprising a rounded double

hub as in Fig. 13B or a hub and a gusset as in Fig. 13C.

[0051] DCs Having Assymetrically-Positioned Implement Port

[0052] DCs are manufactured using film supplied at limited widths, typically requiring the
welding panels of film together to produce a DC of sufficient size. Typically, such panels are
welded to one another such that the weld or resulting seam is along the central axis of the DC.
Implements (e.g., mechanical and other fixtures such as an impellar) are typically attached to the
DC by weld fixturing the same to the film along the same central axis. This may present
difficulties as the weld and the fixture are positioned along the same axis, which may impair the
strength of the weld and / or DC integrity at that point. To solve these problems, the present
disclosure provides an asymmetrical bag in which the implement port is moved away from the
central axis (e.g., along a second axis). The fixure may then be attached to the DC without
crossing the seam (e.g., off the central axis, or axid comprising one or more scams), thereby

preserving the integrity of the DC weld and the implement attachment point.

[0053] In one embodiment, the DC is constructed from two or more pieces of material (e.g., DC
sections) to provide an asymmetrically-positioned implement port (or fixture access point)
providing an orifice through which a fixture such as a centrally located fixture may be positioned
within the interior of DC. Exemplary implements may include, for instance, implements that are
magnetic or mechanically coupled such as an impellar. In certain embodiments, one or more of
the DC wall sections are constructed as a single piece of material (e.g., flexible material). Two or
more such DC wall section(s) may then be adjoined to one another to form the walls of the DC.
For instance, two wall sections may be adjoined to one another along a central axis at which a

seam is formed between the sections to form the DC. Where three, four or more wall sections are
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provided, each of the sections may be adjoined to at least one or two other sections along at least
two different axes (e.g., seams) such that the sections collectively form the DC. The implement
port may be positioned proximal to an end of one of the sections but distal from the central axis
(and / or any other axis comprising a seam) at which the DC wall sections are adjoined to one
another (e.g., the seam(s)). A port positioned in this way is referred to herein as an
“asymmetrically-positioned implement port”. Thus, this asymmetrically-positioned implement
port is typically found within one of the wall sections (e.g., a wall subsection) but off of, or away
from, a seam at which any two DC wall sections are adjoined to each other. As mentioned above,
the asymmetrically-positioned implement port provides an orifice through which the a fixture
such as a centrally-located fixture may be positioned within the interior of the DC. The orifice
comprises an interior surface and an exterior surface. The interior surface of the orifice is found
within the interior chamber of the DC once the DC wall sections are adjoined to one another. The
exterior surface of the orifice is found on the exterior of the DC once the DC wall sections are
adjoined to one another. The implement may be inserted from the exterior surface of the orifice
and past the interior surface of the orifice into the interior chamber of the DC (e.g., such as where
an impellar is attached to a shaft, the impellar being ultimately positioned within the DC interior
chamber). The implement may alternatively be introduced into the DC interior chamber from the
interior surface of the orifice past the exterior of the orifice (e.g., the shaft or a portion thereof
may be positioned in the eventual exterior of the DC). Once the DC wall sections are adjoined to
one another to form the DC (e.g., surrounding the interior compartment of the DC), the
implement is encapsulated within the interior compartment of the DC. In some embodiments,
one or more of the DC wall sections may comprise a lifting tab (Fig. 14A-4, part U) that may be
used during the adjoining process to lift each section into position such that one section may be
adjoined to another section or for another use. One or more of the DC wall sections may
comprise one or more ports through which additional implements may be attached to and / or

introduced into the DC.

[0054] An embodiment of a DC having an assymetrically-positioned fixture access point or
implement port is illustrated in Figures 14A-C. As shown therein, the DC may be comprised of

four DC wall sections (e.g., panels) adjoined to one another to form a common point of
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attachment. As shown in Fig. 14A-4, each wall section (panel) may include a seam for
adjoining each the sections to one another. The sections may be adjoined by any method
available to those of ordinary skill in the art (e.g., heat). As shown in the Fig. 14 embodiment,
two substantially trapezoid-shaped sections (Fig. 14A-2 (“Tr”), 14B-1, -3) may be adjoined to
two substantially kite-shaped sections (Fig. 14A-3 (“K”), 14B-4, -6) such that one end of each
substantially kite-shaped section intersects a central end of each substantially trapezoid-shaped
sections (Fig. 14A-4). The sections are typically adjoined through the seams (e.g., Fig. 14A-2,
represented by space between solid and dashed lines along edges). The two substantially
trapezoid-shaped wall sections adjoin one another at the central ends of each (e.g., these central
ends being parallel to one another) and intersect the substantially kite-shaped wall sections at a
central axis (Fig. 14A-4, dashed line 20). The asymmetrically-positioned fixture access point or
implement port (which in this embodiment comprises seal housing A, Fig. 14A-4, 14-C, part 13)
is found off of the central axis but near the central end of one of the sections, typically one of the
trapezoid-shaped sections. “Near the central end” refers to the positioning of the implement port
such that it is not positioned upon, or is positioned away from or off of, the central axis and not
on or along a seam. It is this positioning that solves the problems encountered when an
implement port is positioned along the central axis comprising a seam (e.g., upon which the
trapezoid-shaped sections are adjoined in Fig. 14) such as, for instance, the loss of integrity or
weakening of the area of the DC along the seam (e.g., central axis). An implement (e.g.,
impellar) inserted through the asymmetrically-positioned fixture access point or implement port
is shown in Figs. 14A-1, 14A-2, 14A-3, 14A-4, 14C-1, 14C-3 and 14C-4 (part 12). As also
illustrated in Fig. 14, each of the wall sections may comprise one or more hose barbs (e.g., Fig.
14A-3 and A-4, parts B-H and T) that may be used to connect supply and discharge hoses to the
DC. One or more wall sections, such as that opposite the wall section including the
asymmetrically-positioned implement port, may comprise a drilled tube (sparge, Figs. 14A-3,
14C-3, and 14C-4, part 14). One or more of the sections may also comprise one or more sets of
tube ports (e.g., a series of 2-10 ports through which tubes (Fig. 14A-3, part 7) may be
connected to the DC; Fig. 14A-2 and A-3, part 11; Fig. 14B-1, parts 3, 6, 11; Fig. 14B-3, part
11; Fig. 14B-6, part 5; Fig. 14C-7, parts 4 (inoculum), 5 (drain) and 8-10 (overlay, medium,
addition, respectively). A coupling shaft (part 18) and eye-bolt (part 19) may also be included
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(Fig. 14C-3). Thus, in some embodiments, this disclosure provides a disposable reaction
container comprising at least two sheets of material fixably attached to one another along a first
axis and at least one fixture access point or implement port along a second axis in at least one of
the sheets. In some embodiments, the disposable reaction container comprises multiple (e.g.,
two, three, four, five, six or more, preferably four) sections adjoined to one another. In
preferred embodiments, the sections are adjoined to one another along a seam of at least two
other sections to form the container. In certain preferred embodiments, the sections meet along
a central axis and the fixture access point or implement port is positioned off of the central axis
within one of the sections. Other features of the DC having an assymetrically-positioned
implement port are also illustrated by Fig. 14 as would be understood by one of ordinary skill in

the art.

[0055] In certain embodiments, the DC may be comprised of a flexible (e.g., or semi-flexible),
water impermeable material Such as a low-density polyethylene or other polymeric sheets (e.g.,
between about 0.1-5 mm thickness). The material may be be formed of a single-, double- or
more layers. The material is typically suitable for maintaining a sterile environment and / or
making direct contact with living cells. The material should also be compatible with standard
sterlization procedures Such as ionizing radiation. The DC may be formed to provide a
compartment size of from about one (1) to about 10,000 liters volume (e.g., any of about one
(1), 100, 250, 500, 750, 1000, 1500, 2000, 2500, 3000, 3500, 4000, 4500, 5000, 5500, 6000,
6500, 7000, 7500, 8000, 8500, 9000, 9500 or 10,000 liters). All of the components of the DC
(c.g., the container itself, impellar, other mixing components, foam management device, tubes,
and the like) may be comprised of the same material (e.g., a low-density polyethylene or other

polymeric sheets).

[0056] The packaging and integrity testing system may comprise a DC contained in a vessel.
The DC and the vessel may be comprised of the same or a different material. For instance, the
DC may comprised of a flexible (e.g., or semi-flexible), water impermeable material Such as a
low-density polyethylene or other polymeric sheets and the vessel may be comprised of the

same or a different material (e.g., stainless steel).
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[0057] Any of these embodiments may be used alone or with any one or more other
embodiments. For instance, a packaging and integrity testing system may comprise a DC
appropriate for vertical or horizontal deployment, one or more foam management devices, one
or more detachable coupling devices, sample ports and / or improved impellars. Such a system
may also include only any of a foam management device, detachable coupling device, sample
port and / or improved impellar. One of ordinary skill in the art would understand that various
combinations of these embodiments could be used in any other type of system and / or

combined into a system, including those not explicitly described herein.

[0058] The terms “about”, “approximately”, and the like, when preceding a list of numerical
values or range, refer to cach individual value in the list or range independently as if each
individual value in the list or range was immediately preceded by that term. The terms mean
that the values to which the same refer are exactly, close to, or similar thereto. Optional or
optionally means that the subsequently described event or circumstance can or cannot occur, and
that the description includes instances where the event or circumstance occurs and instances
where it does not. For example, the phrase optionally the composition can comprise a
combination means that the composition may comprise a combination of different molecules or
may not include a combination Such that the description includes both the combination and the
absence of the combination (i.e., individual members of the combination). Ranges may be
expressed herein as from about one particular value, and/or to about another particular value.
When Such a range is expressed, another aspect includes from the one particular value and/or to
the other particular value. Similarly, when values are expressed as approximations, by use of
the antecedent about or approximately, it will be understood that the particular value forms
another aspect. It will be further understood that the endpoints of each of the ranges are
significant both in relation to the other endpoint, and independently of the other endpoint.
Ranges (e.g., 90-100%) are meant to include the range per se as well as each independent value
within the range as if each value was individually listed. All references cited within this
disclosure are hereby incorporated into this disclosure by reference in their entirety. Certain
embodiments are further described in the following examples. These embodiments are

provided as examples only and are not intended to limit the scope of the claims in any way.
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EXAMPLES

[0059] Example 1. Packaging and Integrity Testing System

[0060] Packaging and Integrity test system was demonstrated to pressurize per the apparatus
shown in Figures 1-5. A one hundred-liter bag (e.g., 8 of Fig. 1) was connected to the inlet
port (e.g., 3 of Fig. 1) at the connection at the top of the Packaging/IT System (PAC-IT™) (e.g.,
1 of Fig. 1), the one hundred and fifty (150) liter bag was packaged by folding and inserting into
a Seventy-five (50) liter PAC-IT™ System (Figs. 5C-D). Compressed gas was applied to PAC-
IT™ at a pressure of 2 psig and no gas was observed leaking from the PAC-IT™. The system
was disassembled, and a valve to the DC was cracked to simulate a leak in the bag. Gas
pressure was applied and a leak in the film was measured as gas escaping from the bag was
captured in an inverted graduated cylinder at a rate of 10-100 mls/min. This demonstrates the
ability to package a DC in a manner that provides functionality to be handled in a small package

size and to enable verification of container integrity within the packaging.

[0061] Integrity Testing System with Vacuum: A 2000 liter DC was inflated until it expanded

to the limits of the container (2000 liter). All connections were then sealed and the DC was left
for 16 hours. The Unit was then observed and the DC had partially collapsed by approimately
50 liters (e.g. a leak rate of approx. 50 mls/min). One liter of water was added to the tank
bottom a vacuum was pulled on the DC. A stream of bubbles of approx 50 — 100 mls/mn were
observed within the DC at a seam welded to the seal housing flange. This demonstrated that the

V-Test™ with water over the defect was effective at locating the defect by visual observation.

[0062] Example 2. Vertical Deployment System

[0063] The vertical deployment was demonstrated at a 3,000 liter scale (Fig. 6). The DC was
first configured in packaging with all ports pinched closed and tubing assemblies folded keeping
the top assemblies at the top of the DC. The DC was then loaded into the container. The DC
was then connected to a compressed gas source. Compressed air/gas was then introduced to the
DC with the valve to the vent filter in the closed position. The DC was filled until it was
observed that all creases in the bag were removed and the top of the DC. The DC inflated
successfully in the vessel with the tube assemblies maintaining their positions as originally

packaged and loaded. The top assemblies were then disconnected and laid back on the top of
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the DC, and the valve to the vent filter was then opened to deflate the DC and remove from the
Container. The DC successfully collapsed into the base of the container for removal this
demonstrated the benefit as compared to traditional means of deployment that include the

mechanical external expanding of the DC into the container.

[0064] Example 3. Horizontal Deployment System

[0065] The Horizontal Deployment System (Fig. 7) was demonstrated at a 3,000 liter scale
wherein the DC was first configured as it would be in packaging (e.g., the top of the DC was
rolled back toward the bottom of the DC). The DC was then be removed from the packaging
and laid to deploy horizontally. The DC was filled with fluid from the base of the DC and the
DC unrolled and deployed (unrolled horizontally as shown in Figs. 7A and 7C). This
demonstrated the ease in which a bag can be prepackaged to maintain a compact packing

volume and expand without additional handling.

[0066] Example 4. Detachable Coupling Devices.

[0067] The Detachable Coupling Device (DCD) was demonstrated at a scale of to handle 70
pounds weight and dimension 50” x 187 x 18”. It was designed, constructed and successfully
integrated with the DC. Fig. 10D shows the DCD welded and integrated with the DC. Figure
11B shows the DCD being used to lift and transport the DC to its container. Fig. 10F shows the
DCD loaded in the container. The DCD therefore met the requirements enabling the handling of
of large appartus (e.g. agitotor shaft and impellers or other assemblies which may be integrated

as a part of a DC as shown in Fig. 11) within a DC

[0068] Example 5. Improved Impellers

[0069] Improved performance provided by the improved impeller designs (Figs. 13B and 13C)
was demonstrated by both Finite Element Analysis (FEA) and by Physical Testing by
comparing a traditional low shear impeller (Fig. 13A) and the disclosed novel designs (Figs.
13B and 13C). Tables 1 and 2 present data relating to a design incorporating two High Density
Polyethylene (HDPE) 18” Low shear impellers. Maximum principle stress (psi) was also shown
(by FEA) to be improved by a factor of about two for the Yo Yo design (Fig. 13B) and by a
factor of about three for the Gusset design (Fig. 13C). This data demonstrates the increase in
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strength provided by the Yo Yo and Gusset designs, likely by redistribution and reduction in

localized stress.

Physical testing was performed using a time study performed with the

impellers at a rate of 100 RPM in a 3,000 liter vessel of water until the impellers reached an

acceptable lifetime, which was determined to be 60 days. The results presented in Table 2 show

that the traditional impellers broke after 47 days, below the acceptance criteria and the improved

impellers had exceeded the acceptance criteria.

Table 1

Impeller Design

Design Change Description

Maximum Principle Stress (psi)

Baseline

None

1403

YoYo

Expanded the hub radially and
axially. Created two additional
points of stress spreading out the
maximum load.

776

Gusset

Hub expanded both radially and
axially in a different fashion than
in modifications 1 and 2 with two

gussets placed on the trailing
edge of the blade.

473

Table 2

Impeller Design

Design Change Description

Days to Failure

Baseline

None

47

YoYo

Expanded the hub radially and
axially. Created two additional
points of stress spreading out the
maximum load.

Gusset

Hub expanded both radially and
axially in a different fashion than
in modifications 1 and 2 with two
gussets placed on the trailing

edge of the blade.

>150

[0070] While certain embodiments have been described in terms of the preferred embodiments,

it is understood that variations and modifications will occur to those skilled in the art.

Therefore, it is intended that the appended claims cover all such equivalent variations that come

within the scope of the following claims.

21




WO 2015/089056 PCT/US2014/069320

CLAIMS

What is claimed is:

1. A first container enclosing a sterilizable second container,
the first container comprising a top surface, a bottom surface, a sterile interior volume,
an outlet, and an inlet comprising a sterile filter;
the bottom surface comprising a pedestal;
the second container being positioned upon the pedestal;

wherein:

the container constricts the volume of the second container;
the filter provides sterility within, and allows air/gas to enter, the interior volume of the
first container; and,
the integrity of the second container may be tested measuring the release of air/gas from

the second container through the outlet.

2. A method for testing the integrity of the second container of claim 1, the method comprising
pressurizing the interior volume of the first container to a testing pressure and maintaining
the testing pressure for a period of time and measuring any decrease in pressure to detect a

defect in the second container.

3. The method of claim 1 wherein the integrity of the second container is tested using a

vacuum.

4. An apparatus comprising:
a housing comprising an at least partially open panel and a closed panel;
a rolled sterile single use container:
positioned adjacent to the at least partially open panel of housing; and,
comprising inlet and outlet tubing protruding through the open end of the housing, the

inlet tubing comprising a sterile filter.
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. A method comprising:

a) positioning a rolled sterile single use container within a housing comprising a
partially open panel and a closed panel,
the container being arranged such that the container to unrolls horizontally from the
partially open panel toward the closed panel,
the container comprising inlet and outlet tubing arranged opposite the closed end and
protruding through the open end, the inlet tubing comprising a sterile filter; and,

b) filling the container with a sterile fluid through the inlet tubing and sterile filter such
that the container unrolls horizontally from the partially open panel toward the

closed panel of the housing as the fluid fills the container.

. An apparatus comprising:
a housing comprising an internal volume and an at least partially open bottom panel;
a sterile single use container upon the at least partially open bottom panel;
inlet and outlet tubing attached to the sterile single use container through the at least
partially open bottom panel, the inlet and outlet tubing each comprising a sterile
filter,
wherein:
the sterile single use container is filled with sterile fluid through the inlet tubing; and,
as the sterile single use container is filled, the volume thereof expands into the internal
volume of the housing without application of additional upward force on the sterile

single use container.

. A method for filling a sterile single use container using the apparatus of claim 6, the method
comprising:
a) positioning the sterile single use container within the housing; and,
b) filling the container with a sterile fluid through the inlet tubing and sterile filter Such
that the container expands vertically from the partially open panel toward the

substantially closed panel of the housing as the fluid fills the container.
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A device comprising:
a container comprising an internal volume;
tortuous path within the internal volume;
the tortuous path being composed of a sterilizable material;
the container being attachable to a sterile single use container and a vent to form a
passage between the sterile single use container and the vent;
wherein:
the sterile single use container is capable of holding fluid for a reaction that produces gas
which is exhausted through passage to reach the vent, the gas optionally comprising
liquid in the form of a foam; and,
any foam present in the gas is destroyed within the passage Such that only gas reaches

the vent.

The device of claim 8 wherein the tortuous path and the sterile single use container are

composed of substantially the same material.

A method for venting gas from a reactor by carrying out a reaction in a sterile single use
container affixed to a device of claim 8 and passing the gas stream resulting from the
reaction through the device, wherein any foam present in the gas stream is destroyed prior to

reaching the vent.

A sterile single use container comprising an internal volume, the container comprising a
detachable attachment device comprising:
a first attachment mechanism substantially positioned within the internal volume of the
container; and,
a second attachment mechanism substantially positioned on the exterior of the container;
wherein:
the first and second attachment mechanisms may be reversibly attached to one another;
the first attachment mechanism further comprises an attachment mechanism for
reversibly attaching a device within the the internal volume of the container thereto;

and,
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the second attachment mechanism further comprises an attachment mechanism for

reversibly attaching a device exterior to the container thereto.

The detachable attachment device of claim 11 wherein a device exterior to the container is a

lifting mechanism.

A detachable attachment device comprising;:
a device body comprising an internal recessed portion and a first surface opposite a second
surface;
a coupling groove; and,
an attachment mechanism;
wherein:
the attachment mechanism is affixed to the first surface;
the coupling groove extends from the second surface of the device body formed within

the device body and is in communication with the internal recessed portion..

A device comprising:
a housing;:
in communication with the internal volume and the exterior of a single use container;
comprising one or more attachment points within each of the internal volume and the
exterior of the single use container; and,
comprising an enclosure comprising a sealing mechanism;
wherein:
a first component may be attached to the housing through an attachment point within the
internal volume of the single use container and / or within the sealing mechanism;
a second component may be attached to the housing through an attachment point exterior
to the single use container and / or within the sealing mechanism;

such that the first and second components are reversibly attached to one another.
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An impeller comprising a rounded double hub as in Fig. 13B or a hub and a gusset as in Fig.

13C.

A disposable reaction container comprising at least two sheets of material fixably attached to
one another along a first axis and at least one fixture access point or implement port along a

second axis in at least one of the sheets.

The disposable reaction container of claim 16 comprising four sections adjoined to one

another.

The disposable reaction container of claim 17 wherein the sections are adjoined to one

another along a seam of at least two other sections.

The disposable reaction container of any one of claims 16-18 wherein the sections meet
along a central axis and the fixture access point or implement port is positioned off of the

central axis within one of the sections.

A reactor system comprising:
a. amobile carriage assembly;
b. the disposable reaction container of claim 16 removably attached to the carriage
assembly; and,
c. a mobile carriage assembly holder into which the mobile carriage assembly may be

removably inserted.

A housing for attaching mechanical fixtures to a disposable reaction container, the housing

being positioned within the container.

The housing of claim 21 essentially as illustrated in Figure 15.

The housing of claim 21 or 22 comprising an internal seal housing, seal shaft, at least one

first retaining ring, at least one bearing ball, internal seal housing retainer, at least one

26



WO 2015/089056 PCT/US2014/069320

second retaining ring, and an O-ring.

21. The housing of any one of claims 21-23 further comprising at least one pocket for using one

or more lip seals and/or additional mechanical seals to seal the housing.
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