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tube and open at the second end of the support tube. An
elongated flexible sampling tube has an interior surface
bounding a second passageway extending between a first end
and an opposing second end, the second passageway being
open at the first end of the sampling tube, at least a portion of
the sampling tube adjacently extending along the length of the
support tube and being connected to the support tube. A
flange encircles and radially outwardly projecting from the
support tube and the sampling tube at a location spaced apart
from the first end of the support tube and the first end of the
sampling tube.

13 Claims, 10 Drawing Sheets
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SAMPLING PORTS AND RELATED
CONTAINER SYSTEMS

CROSS-REFERENCE TO RELATED
APPLICATIONS

Not applicable.

BACKGROUND OF THE INVENTION

1. The Field of the Invention

The present invention relates to tube ports and sampling
ports, and container systems that incorporate such ports.

2. The Relevant Technology

Ports are a necessary feature of bioreactors for delivering
controlled volumes of gas, liquid, or other material to growth
media containing cells; for extracting matter out of the biore-
actor; and for inserting probes, such as a temperature probe, to
monitor conditions within the bioreactor. Conventional ports
comprise tubular metal or hard plastic stems that are perma-
nently attachable to the bioreactor container. Various tubes or
probes are then attached to the ports or are passed through the
ports. In all embodiments, great care is taken so that no
leaking or contamination occurs at the ports.

Although conventional ports are useful for their intended
purpose as detailed above, they have a number of shortcom-
ings. For example, because conventional ports typically are
made of metal or hard plastic, the ports are typically rigid and
inflexible. Because of this inflexibility, it can be difficult to
establish a seal around tubes or other structures that are
passed through the ports. As a result, an unwanted dead space
can be formed between the ports and the structures passing
therethrough.

Furthermore, the inflexibility of conventional ports can
cause problems when used with flexible containers. An
advantage of using flexible containers is that the containers
can be folded up for transport or storage when not in use,
making the stored containers more compact, easier to handle,
and requiring less room to store. Rigid ports decrease the
flexibility of the containers and increase the risk that the ports
could damage the containers when the containers are folded
around the ports.

Sampling from bioreactors typically occurs by simply con-
necting a sampling tube to a corresponding port and with-
drawing the sample therefrom. This sampling technique typi-
cally withdraws the sample fluid from the perimeter of the
container. Such a sample, however, may be misrepresentative
of the typically more homogeneous fluid that is contained
close to the center of the container.

Accordingly, what are needed are improved ports that over-
come one or more of the above problems or other shortcom-
ings known in the art.

BRIEF DESCRIPTION OF THE DRAWINGS

Various embodiments of the present invention will now be
discussed with reference to the appended drawings. It is
appreciated that these drawings depict only typical embodi-
ments of the invention and are therefore not to be considered
limiting of its scope.

FIG. 1 is a cross sectional side view of a containment
system having multiple tube ports and a sampling port;

FIG. 2 is a perspective view of one of the tube ports of the
containment system depicted in FIG. 1;

FIG. 3 is a cross sectional side view of a portion of the tube
port shown in FIG. 2, showing an annular lip seal;
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FIG. 4 is a cross sectional side view of the tube port shown
in FIG. 2 with a temperature probe inserted therein;

FIG. 5 is a cross sectional side view of the tube port shown
in FIG. 2 connected to a fluid line via a connector;

FIG. 6 is a perspective view of an alternative embodiment
of a tube port having a plurality of tubular stems;

FIG. 7 is a perspective view of the sampling port of the
containment system depicted in FIG. 1;

FIG. 8 is a cross sectional side view of the sampling port
shown in FIG. 7, with a temperature probe partially inserted
therein;

FIG. 9 is a side view of the sampling port shown in FIG. 7,
connected to a plurality of collection containers via a collec-
tion tube and a manifold;

FIG. 10 is a cross sectional side view of a portion of an
alternative embodiment of a sampling port;

FIG. 11 is an exploded perspective view of the sampling
port shown in FIG. 10;

FIG. 12 is a cross sectional side view of another alternative
embodiment of a sampling port;

FIG. 13A is a cross sectional side view of yet another
alternative embodiment of a sampling port;

FIG. 13B is a cross sectional end view of the sampling port
shown in FIG. 134 taking along a line defined by 13B-13B;

FIG. 14A is a cross sectional side view of yet another
alternative embodiment of a sampling port;

FIG. 14B is a cross sectional end view of the sampling port
shown in FIG. 14A taking along a line defined by 14B-14B;
and

FIG. 15 is a cross sectional side view of yet another alter-
native embodiment of a sampling port containing no sam-
pling tube.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The present invention relates to tube ports and sampling
ports as well as container systems that incorporate such ports.
In general, the tube ports of the present invention include a
flexible tubular stem with a flange encircling and radially
outwardly projecting from the stem. The sampling ports of
the present invention include an elongated flexible support
tube and an elongated flexible sampling tube each coupled
together at a mounting location on a body. A flange encircles
and radially outwardly projects from the support tube and the
sampling tube.

The inventive tube ports and sampling ports can be used in
bioreactors where it is necessary to mount probes, delivery
and remove growth media and other components, and con-
duct sampling. However, the inventive tube ports and sam-
pling ports can also be used in fermentation systems and other
fluid processing, transport, and/or storage systems or the like.

As a result of using a flexible, tubular stem and flange,
select embodiments of the inventive tube ports have a variety
of'unique benefits over conventional rigid tube ports. By way
of'example and not by limitation, the inventive tube ports are
relatively inexpensive to make and are very flexible, allowing
them to be used more easily with flexible containers. For
example, due to the flexibility of the tube ports, the tube ports
can be connected to flexible bags and other structures using
methods and systems that cannot be used with rigid tube
ports. The tube ports can also be easily scaled for use in small
laboratory experiments or large scale commercial production
systems.

The inventive tube ports can be formed as part of a flexible
container, such as a disposable bag or liner, or can be coupled
to such flexible containers. The tube ports and related con-
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tainer can then be simultaneously sterilized and sold as a
unitary system. This approach simplifies the sterilization pro-
cess. Furthermore, the entire tube port is designed to be soft
and flexible so that the combined tube port and container can
be folded and/or rolled into a compact shape for storage
and/or transport without risk of damage to the tube port or
container. Numerous other advantages of different embodi-
ments of the present invention will be discussed below or will
be apparent from the following disclosure and appended
drawings.

Depicted in FIG. 1 is one embodiment of a containment
system 10 incorporating features of the present invention.
Containment system 10 comprises a substantially rigid sup-
port housing 12 in which a container system 30 is disposed.
Support housing 12 has an upper end 14, a lower end 16, and
an interior surface 18 that bounds a compartment 20. Formed
at lower end 16 is a floor 22 and sidewalls 23 extend up from
floor 22 toward upper end 14. One or more openings 24 can
extend through floor 22 or sidewall 23 of container system 30
s0 as to communicate with compartment 20. Upper end 14
terminates at a lip 26 that bounds an access opening 28 to
compartment 20. If desired, a cover, not shown, can be
mounted on upper end 14 so as to cover access opening 28. It
is appreciated that support housing 12 can come in a variety of
different sizes, shapes, and configurations. For example, in
one alternative embodiment access opening 28 can be closed
by a permanent top end wall. An access port can be formed at
another location on support housing 12 such as the sidewall or
floor. The access port can be selectively closed by a door.

As also depicted in FIG. 1, container system 30 is at least
partially disposed within compartment 20 of support housing
12. Container system 30 comprises a container 32 having one
or more tube ports 33 which will be described in more detail
below. In the embodiment depicted container 32 comprises a
flexible bag-like body 36 having an interior surface 38 that
bounds a chamber 40 suitable for holding a fluid 41 or other
type of material. More specifically, body 36 comprises a side
wall 42 that, when body 36 is unfolded, has a substantially
circular or polygonal transverse cross section that extends
between a first end 44 and an opposing second end 46. First
end 44 terminates at a top end wall 48 while second end 46
terminates at a bottom end wall 50.

Body 36 is comprised of a flexible, water impermeable
material such as a low-density polyethylene or other poly-
meric sheets having a thickness in a range between about 0.1
mm to about 5 mm with about 0.2 mm to about 2 mm being
more common. Other thicknesses can also be used. The mate-
rial can be comprised of a single ply material or can comprise
two or more layers which are either sealed together or sepa-
rated to form a double wall container. Where the layers are
sealed together, the material can comprise a laminated or
extruded material. The laminated material comprises two or
more separately formed layers that are subsequently secured
together by an adhesive.

The extruded material comprises a single integral sheet that
comprises two or more layers of different material that can be
separated by a contact layer. All of the layers are simulta-
neously co-extruded. One example of an extruded material
that can be used in the present invention is the HyQ CX3-9
film available from HyClone Laboratories, Inc. out of Logan,
Utah. The HyQ CX3-9 film is a three-layer, 9 mil cast film
produced in a cGMP facility. The outer layer is a polyester
elastomer coextruded with an ultra-low density polyethylene
product contact layer. Another example of an extruded mate-
rial that can be used in the present invention is the HyQ
CX5-14 cast film also available from HyClone Laboratories,
Inc. The HyQ CX5-14 cast film comprises a polyester elas-
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tomer outer layer, an ultra-low density polyethylene contact
layer, and an EVOH barrier layer disposed therebetween. In
still another example, a multi-web film produced from three
independent webs of blown film can be used. The two inner
webs are each a 4 mil monolayer polyethylene film (which is
referred to by HyClone as the HyQ BM1 film) while the outer
barrier web is a 5.5 mil thick 6-layer coextrusion film (which
is referred to by HyClone as the HyQ BX6 film).

The material is approved for direct contact with living cells
and is capable of maintaining a solution sterile. In such an
embodiment, the material can also be sterilizable such as by
ionizing radiation. Examples of materials that can be used in
different situations are disclosed in U.S. Pat. No. 6,083,587
which issued on Jul. 4, 2000 and United States Patent Publi-
cation No. US 2003-0077466 Al, published Apr. 24, 2003
which are each hereby incorporated by specific reference.

In one embodiment, body 36 comprises a two-dimensional
pillow style bag wherein two sheets of material are placed in
overlapping relation and the two sheets are bounded together
at their peripheries to form internal chamber 40. Alterna-
tively, a single sheet of material can be folded over and
seamed around the periphery to form internal chamber 40. In
another embodiment, body 36 can be formed from a continu-
ous tubular extrusion of polymeric material that is cut to
length and the ends seamed closed.

In still other embodiments, body 36 can comprise a three-
dimensional bag that not only has an annular side wall but
also a two-dimensional top end wall 48 and a two-dimen-
sional bottom end wall 50. Three-dimensional body 36 com-
prises a plurality of discrete panels, typically three or more,
and more commonly four or six. Each panel is substantially
identical and comprises a portion of the side wall, top end
wall, and bottom end wall of body 36. Corresponding perim-
eter edges of each panel are seamed. The seams are typically
formed using methods known in the art such as heat energies,
RF energies, sonics, or other sealing energies.

In alternative embodiments, the panels can be formed in a
variety of different patterns. Further disclosure with regard to
one method of manufacturing three-dimensional bags is dis-
closed in United States Patent Publication No. US 2002-
0131654 Al that was published Sep. 19, 2002 of which the
drawings and Detailed Description are hereby incorporated
by reference.

It is appreciated that body 36 can be manufactured to have
virtually any desired size, shape, and configuration. For
example, body 36 can be formed having chamber 40 sized to
10 liters, 30 liters, 100 liters, 250 liters, 500 liters, 750 liters,
1,000 liters, 1,500 liters, 3,000 liters, 5,000 liters, 10,000
liters or other desired volumes. Although body 36 can be any
shape, in one embodiment body 36 is specifically configured
to be complementary or substantially complementary to com-
partment 20 of support housing 12.

Inany embodiment, however, it is desirable that when body
36 is received within compartment 20, body 36 is uniformly
supported by support housing 12. Having at least generally
uniform support of body 36 by support housing 12 helps to
preclude failure of body 36 by hydraulic forces applied to
body 36 when filled with fluid.

Although in the above discussed embodiment container 32
has a flexible, bag-like configuration, in alternative embodi-
ments it is appreciated that container 32 can comprise any
form of collapsible container or semi-rigid container. Further-
more, in contrast to having a closed top end wall 48, container
32 can comprise an open top liner. Container 14 can also be
transparent or opaque and can have ultraviolet light inhibitors
incorporated therein.





















