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chamber gas inlet conduit at a rate of equal to or less than about 1 milliliter per
second; and-a humidifier configured to humidify the gas transported through the reactor
chamber gas inlet conduit, the humidifier positioned between the flow control
mechanism and the reactor chamber gas inlet; g reactor chamber gas outlet conduit
configured to transport gas out of the reactor chamber through a reactor chamber gas
outlet; and a gas bypass conduit external to the reactor chamber, connecting the gas inlet
conduit to the gas outlet conduit.

In another aspect, the present invention refers to a reactor system comprising a
reactor chamber; a reactor chamber gas inlet conduit configured to transport gas into the
reactor chamber through a reactor chamber gas inlet: a reactor chamber gas outlet
conduit configured to transport gas out of the reactor chamber through a reactor chamber
gas outlet; a flow control mechanism configured to regulate the flow of gas through the
reactor chamber gas outlet conduit at a rate of equal to or less than about 1 milliliter per
second; and-a liquid trap configured to remove liquid vapor from the gas within the
reactor chamber gas outlet conduit, the liquid trap positioned between the flow control
mechanism and the reactor chamber gas outlet; and a gas bypass conduit external to the
reactor chamber. connecting the gas inlet conduit to the gas outlet conduit.

The reactor system comprises, in certain examples, a reactor chamber,

comprising a liquid sub-chamber configured to contain a liquid growth medium
including at least one biological cell; a gas sub-chamber configured to contain a gaseous
headspace above the liquid growth medium; and a gas-permeable flexible membrane
separating the liquid sub-chamber from the gas sub-chamber. In certain examples, the
reactor system comprises a gas inlet conduit configured to transport gas into the gas sub-
chamber; a gas outlet conduit configured to transport gas out of the gas sub-chamber;
and a gas bypass conduit external to the reactor chamber, connecting the gas inlet

conduit to the gas outlet conduit.
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Certain examples relate to methods of operating a reactor. In certain examples,
the method comprises providing a reactor chamber, comprising a liquid sub-chamber
configured to contain a liquid growth medium including at least one biological cell; a gas
sub-chamber configured to contain a gaseous headspace above the liquid growth
medium; and a flexible membrane separating the liquid sub-chamber from the gas sub-
chamber. In some examples, the method comprises transporting a gas from a gas source
through a gas inlet conduit to the gas sub-chamber to deform the gas-permeable flexible
membrane such that liquid is at least partially removed from the liquid sub-chamber;
reducing the supply of the gas to the gas sub-chamber such that the flexible membrane
returns toward its original position; transporting gas from the gas source through a gas
bypass connected to the gas inlet conduit and external to the reactor chamber to remove
liquid from the gas inlet conduit; and supplying gas from the gas source to the gas sub-

chamber at least a second time to deform the gas-permeable
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CLAIMS

1. A reactor system, comprising:

a reactor chamber;

a reactor chamber gas inlet conduit configured to transport gas into the reactor
chamber through a reactor chamber gas inlet;

a flow control mechanism configured to regulate the flow of gas through the reactor
chamber gas inlet conduit at a rate of equal to or less than about 1 milliliter per second;

a humidifier configured to humidify the gas transported through the reactor chamber
gas inlet conduit, the humidifier positioned between the flow control mechanism and the
reactor chamber gas inlet;

a reactor chamber gas outlet conduit configured to transport gas out of the reactor
chamber through a reactor chamber gas outlet; and

a gas bypass conduit external to the reactor chamber, connecting the gas inlet conduit

to the gas outlet conduit.

2. A reactor system, comprising:

a reactor chamber;

a reactor chamber gas inlet conduit configured to transport gas into the reactor
chamber through a reactor chamber gas inlet;

a reactor chamber gas outlet conduit configured to transport gas out of the reactor
chamber through a reactor chamber gas outlet;

a flow control mechanism configured to regulate the flow of gas through the reactor
chamber gas outlet conduit at a rate of equal to or less than about 1 milliliter per second;

a liquid trap configured to remove liquid vapor from the gas within the reactor
chamber gas outlet conduit, the liquid trap positioned between the flow control mechanism
and the reactor chamber gas outlet; and

a gas bypass conduit external to the reactor chamber, connecting the gas inlet conduit

to the gas outlet conduit.

3. The reactor system of claim 2, comprising:
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a humidifier configured to humidify the gas transported through the reactor chamber

gas inlet conduit.

4. The reactor system of claim 3, comprising an inlet flow control mechanism
configured to regulate the flow of gas through the reactor chamber gas inlet conduit at a rate

of equal to or less than about 1 milliliter per second.

5. The reactor system of claim 4, wherein the humidifier is positioned between the inlet

flow control mechanism and the reactor chamber gas inlet.

6. The reactor system of any one of claims 1-5, wherein the reactor chamber contains a

liquid and at least one biological cell.

7. The reactor system of claim 6, wherein the biological cell is a eukaryotic cell.
8. The reactor system of claim 7, wherein the biological cell is a mammalian cell.
9. The reactor system of claim 8, wherein the mammalian cell is selected from the group

consisting of primate cells, bovine cells, horse cells, porcine cells, goat cells, dog cells, cat

cells, rodent cells, human cells, and a hamster cells.

10. The reactor system of claim 9, wherein the mammalian cell is a Chinese hamster

ovary (CHO) cell.

11. The reactor system of any one of claims 7-9, wherein the biological cell is a cardiac
cell, a fibroblast, a keratinocyte, a hepatocyte, a chondrocyte, a neural cell, a osteocyte, a

muscle cell, a blood cell, an endothelial cell, an immune cell, or a stem cell.

12. The reactor system of any one of claims 1-11, wherein the reactor chamber has a

volume of less than or equal to about 50 milliliters.
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13. The reactor system of any one of claims 1-12, wherein the gas comprises carbon

dioxide and/or oxygen.

14. The reactor system of any one of claims 1 and 3-13, wherein the humidifier
comprises a vessel including a first liquid having a temperature at least about 1°C higher than

the temperature of the liquid phase.

15.  The reactor system of any one of claims 2-14, wherein the liquid trap comprises a
vessel including a second liquid having a temperature at least about 1°C lower than the

temperature of the liquid phase.

16. The reactor system of any one of claims 1-15, wherein the flow control mechanism

comprises a gas supply conduit comprising a constriction.

17. The reactor system of claim 16, wherein a cross-sectional dimension of the gas supply
conduit within the constriction is at least about 10% smaller than cross-sectional dimensions

of the gas supply conduit at locations upstream and downstream of the constriction.

18. The reactor system of any one of claims 1-17, wherein the flow control mechanism

comprises a pressure regulator.

19. The reactor system of any one of claims 1-18, wherein the reactor chamber is
configured to contain a volume of the liquid medium that is equal to or less than about 50

milliliters and equal to or greater than 10 microliters.
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CLAIMS

1. A reactor system, comprising:
a reactor chamber;
a reactor chamber gas inlet conduit configured to transport gas i
chamber through a reactor chamber gas inlet;
a flow control mechanism configured to regulate the flow gf gas through the
reactor chamber gas inlet conduit at a rate of equal to or less thafi about 1 milliliter per
second; and
a humidifier configured to humidify the gas transpgrted through the reactor

chamber gas inlet conduit, the humidifier positioned beteen the flow control

mechanism and the reactor chamber gas inlet.

2. A reactor system, comprising:
a reactor chamber;
a reactor chamber gas outlet conduit configured to transport gas out of the reactor

chamber through a reactor chamber gas 6utlet;

a flow control mechanism corfigured to regulate the flow of gas through the
reactor chamber gas outlet conduit/at a rate of equal to or less than about 1 milliliter per
second; and

a liquid trap configured to remove liquid vapor from the gas within the reactor
chamber gas outlet conduif/ the liquid trap positioned between the flow control

mechanism and the reactor chamber gas outlet.

3. The reactor/system of claim 2, comprising:
a reactor/Chamber gas inlet conduit configured to transport gas into the reactor
chamber, and
a hymidifier configured to humidify the gas transported through the reactor

chambeiy/gas inlet conduit.

The reactor system of claim 3, comprising an inlet flow control mechanism
Onfigured to regulate the flow of gas through the reactor chamber gas inlet conduit at a

rate of equal to or less than about 1 milliliter per second.
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5. The reactor system of claim 4, wherein the humidifier is positioned between the

inlet flow control mechanism and the reactor chamber gas inlet.

6. The reactor system of any one of claims 1-5, wherein the redctor chamber

contains a liquid and at least one biological cell.

7. The reactor system of claim 6, wherein the biological cell is a eukaryotic cell.

8. The reactor system of claim 7, wherein the biglogical cell is a mammalian cell.

9. The reactor system of claim 8, wherein the mammalian cell is selected from the
group consisting of primate cells, bovine cellg, horse cells, porcine cells, goat cells, dog

cells, cat cells, rodent cells, human cells, affd a hamster cells.

10.  The reactor system of claim 9/ wherein the mammalian cell is a Chinese hamster
ovary (CHO) cell.
11.  The reactor system of/any one of claims 7-9, wherein the biological cell is a

cardiac cell, a fibroblast, g/keratinocyte, a hepatocyte, a chondrocyte, a neural cell, a

osteocyte, a muscle cell/ a blood cell, an endothelial cell, an immune cell, or a stem cell.
12. The reactof system of any one of claims 1-11, wherein the reactor chamber has a
volume of less than or equal to about 50 milliliters.

reactor system of any one of claims 1-12, wherein the gas comprises carbon

dioxide/and/or oxygen.

The reactor system of any one of claims 1 and 3-13, wherein the humidifier
comprises a vessel including a first liquid having a temperature at least about 1°C higher

than the temperature of the liquid phase.
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15.  The reactor system of any one of claims 2-14, wherein the liquid trap ¢gmprises a
vessel including a second liquid having a temperature at least about 1°C lowér than the

temperature of the liquid phase.

16. The reactor system of any one of claims 1-15, wherein the flgw control

mechanism comprises a gas supply conduit comprising a constricgion.

17. The reactor system of claim 16, wherein a cross-sectjonal dimension of the gas
supply conduit within the constriction is at least about 10% smaller than cross-sectional
dimensions of the gas supply conduit at locations upstream and downstream of the
constriction.

18.  The reactor system of any one of claims/-17, wherein the flow control

mechanism comprises a pressure regulator.

19.  The reactor system of any one of/claims 1, 3-4, and 6-18, wherein the humidifier

is positioned upstream of the flow copftrol mechanism.

20.  The reactor system of any one of claims 2-19, wherein the liquid trap is

21.  The reactor systep of any one of claims 1-20, wherein the reactor chamber is

configured to contain g volume of the liquid medium that is equal to or less than about 50

milliliters and equal/to or greater than 10 microliters.

22, Areactdr system, comprising:
a regétor chamber, comprising:

a liquid sub-chamber configured to contain a liquid growth medium

ncluding at least one biological cell;

a gas sub-chamber configured to contain a gaseous headspace above the
liguid growth medium; and
a gas-permeable flexible membrane separating the liquid sub-chamber

from the gas sub-chamber;
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a gas inlet conduit configured to transport gas into the gas sub-chambgr;
a gas outlet conduit configured to transport gas out of the gas sub-chamber; and
a gas bypass conduit external to the reactor chamber, connecting/the gas inlet

conduit to the gas outlet conduit.

23.  The reactor system of claim 22, comprising a humidifier €onfigured to humidify
the gas transported through a reactor chamber gas inlet condujt configured to transport

gas into the reactor chamber through a reactor chamber gas/nlet.

24.  The reactor system of claim 23, comprising an inlet flow control mechanism

configured to regulate the flow of gas through the reactor chamber gas inlet conduit at a

rate of equal to or less than about 1 milliliter per

25.  The reactor system of claim 24, whegpéin the humidifier is positioned between the

inlet flow control mechanism and the reactor chamber gas inlet.

26.  The reactor system of any ong of claims 22-25, comprising a liquid trap
configured to remove liquid vaporArom the gas within a reactor chamber gas outlet
conduit configured to transport gas out of the reactor chamber through a reactor chamber
gas outlet.

27. The reactor system of claim 26, comprising an outlet flow control mechanism
configured to regulate/the flow of gas through the reactor chamber gas outlet conduit at a

rate of equal to or I¢ss than about 1 milliliter per second.

28.  The regctor system of claim 27, wherein the liquid trap is positioned between the

flow controfYmechanism and the reactor chamber gas outlet.

29. he reactor system of any one of claims 22-28, wherein the reactor chamber has a

e of less than or equal to about 50 milliliters.

0.

flexible membrane is permeable to carbon dioxide and/or oxygen gas.

The reactor system of any one of claims 22-29, wherein the gas-permeable
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31.  The reactor system of any one of claims 22-30, wherein the reactor chdmber is
configured to contain a volume of the liquid medium that is equal to or lesg'than about 50

milliliters and equal to or greater than 10 microliters.

32. . The reactor system of any one of claims 22-31, wherein the cell is a eukaryotic

cell.

33, The reactor system of claim 32, wherein the eukapyotic cell is an animal cell.

34.  The reactor system of claim 33, wherein the/animal cell is a mammalian cell.

35. The reactor system of claim 34, wherein the mammalian cell is a Chinese hamster

ovary (CHO) cell.

36. A method of operating a reactor, comprising:
providing a reactor chambgf, comprising:
a liquid sub-chaghber configured to contain a liquid growth medium

including at least on

1ological cell;
a gas sub-ghamber configured to contain a gaseous headspace above the
liquid growth mediumyand
a flexible membrane separating the liquid sub-chamber from the gas sub-

chamber;

transpgrting a gas from a gas source through a gas inlet conduit to the gas sub-
chamber to/deform the gas-permeable flexible membrane such that liquid is at least
partially/removed from the liquid sub-chamber;
reducing the supply of the gas to the gas sub-chamber such that the flexible
mgmbrane returns toward its original position;
transporting gas from the gas source through a gas bypass connected to the gas

inlet conduit and external to the reactor chamber to remove liquid from the gas inlet

conduit; and
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supplying gas from the gas source to the gas sub-chamber at least a second fime
to deform the gas-permeable flexible membrane such that liquid is at least partiglly

evacuated from the liquid sub-chamber.

5 37. The method of claim 36, wherein the reactor chamber contains 4 volume of the
liquid medium that is equal to or less than about 50 milliliters and egual to or greater

than 10 microliters.

38. The method of any one of claims 36-37, wherein thé cell is a eukaryotic cell.
10
39. The method of claim 38, wherein the eukaryogfic cell is an animal cell.
40. The method of claim 39, wherein the apdmal cell is a mammalian cell.
15 41, The method of claim 40, wherein the mammalian cell is a Chinese hamster ovary

(CHO) cell.




