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WHAT ISCLAIMED IS:

1. A method of culturing a mammalian cell, the noetlscomprising:
providing a shake tube containing a mammaliandisposed in a first liquid
medium, wherein the first liquid culture aiiem occupies about 10% to about

periodically removing a firs{ volume of the firggliid culture medium and adding to the

first liquid culture medium a second volume of as® liquid culture medium, wherein

the first and second volumes are.about equal.

2. The method of claim 1, whergjn the first voluaf¢he first liquid culture

medium is substantially free of the micro

3. The method of claim 1, wherein at the\peginmhthe period of time, the first

liquid culture medium contains 0.1 x%€ells/mL to O\5 x 10cells/mL.

4. The method of claim 1, wherein the mammaliakjsel Chinese hamster ovary
(CHO) cell.

5. The method of claim 4, wherein the CHO cell eamd a nuclgic acid encoding

a recombinant protein.

6. The method of claim 5, wherein the recombinaatgin is an immun

an enzyme, a growth factor, a protein fragmengroengineered protein.
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7. The method of claim 1, wherein the removingheffirst volume of the first
liquid culture medium and the adding of the secemldme of the second liquid culture

edium is performed simultaneously.

. The method of claim 1, wherein the removinghef first volume of the first
liquid cultyre medium and the adding of the secemldme of the second liquid culture

medium is performed continuously.

9. The method of claim 1, wherein the removinghef first volume of the first
liquid culture medium\and the adding of the secesldme of the second liquid culture

medium is performed peXxiodically.

10. The method of claim 1, wherein the first voluofi¢he first liquid culture
medium removed and the second\volume of the sdaund culture medium added are

increased over time.

11. The method of claim 1, whereinxhe first liqoigdture medium is the same as

the second liquid culture medium.

12. The method of claim 1, wherein the first hgeidture medium is different

from the second liquid culture medium.

13. The method of claim 1, wherein the shake hdsa Xolume of between
about 10 mL to about 100 mL.

14. The method of claim 1, wherein the mammalilhis suspended in about 2

mL to about 20 mL of the first liquid culture merthu

15. The method of claim 1, wherein the first liqoidture medium and/or second
liquid culture medium is selected from the groupsisting of: a chemically-defined

liquid culture medium, a serum-free liquid cultinedium, a serum-containing liquid
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culture medium, an animal-derived component frgeidi culture medium, and a protein-

free medium.

16. The method of claim 1, wherein after aboultfits¢ 48 to 96 hours of the
period\of time, in each 24-hour period, the firgslume of the first liquid culture medium
removed\and the second volume of the second liculidre medium added is about 30%

to about 95% of the volume of the first liquid cul medium.

17. The method of claim 1, wherein the agitatioceased for a period of time of

at least 30 seconds pxjor to removing the firsuxrad of the first liquid culture medium.

18. The method of chaim 1, wherein the pluralitynatrocarriers has a mean

diameter of between about 20 to about 80@m.

19. The method of claim 18, Wherein the pluralityracrocarriers contains one or

more pores.

20. The method of claim 19, wherein the one or npores has a mean diameter
of about 25um to about 3um.

21. The method of claim 1, wherein the shake tspedubated at a reactor angle

of about 25 degrees to about 90 degrees from haeko

22. A method of culturing a mammalian cell, the moek comyrising:

(a) providing a shake tube containing a mammalehditsposed\in a first liquid
culture medium that occupies about 10% to about 8D#be volume of the shake tube
and contains a plurality of microcarriers in a aamtcation of about 1.0 g/L to\@bout 15.0
g/L;

(b) incubating the shake tube for a first time pérat about 35 °C to about
with a rotary agitation of about 120 revolutions penute (RPM) to about 240 RPM,
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and after about the first 48 to 96 hours of th&t fireriod of time, in each subsequent 24-
hour period,
(i) continuously or periodically removing a firsbhame of the first liquid culture

medium that is substantially free of microcarrigosn the shake tube, wherein the first

39 °C with the rotary
(b)(ii),wherein the first a

substantially different type fxom those used irpg®; and

itation, and in each 24+hmariod, performing steps (b)(i) and

second liquid cultureedia used in step (b) are of a

(d) incubating the shake\tube for a third time pagreater than 2 days, at about
35 °C to about 39 °C with the rot
steps (b)(i) and (b)(ii), wherein the fi

are of the same type as those used in step (d).

agitation, andach 24-hour period, performing

t and@ed liquid culture media used in step (c)

23. The method of claim 22, wherein akthe begigmihthe first period of time,
the first liquid culture medium contains 0.1 X*@l\s/mL to 0.5 x 19Dcells/mL.

24. The method of claim 22, wherein the mammsl&lhis a Chinese hamster
ovary (CHO) cell.

25. The method of claim 24, wherein the CHO cefitams a\aucleic acid

encoding a recombinant protein.
26. The method of claim 25, wherein the recombimpaotein is a secreted

immunoglobulin, a secreted enzyme, a secreted grtagtor, a secreted protein

fragment, or a secreted engineered protein.
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27. The method of claim 22, wherein the removihthe first volume of the first
liquid culture medium, and the adding of the seceoldme of the second liquid culture
edium in one or more of the first time period, seeond time period, and the third time

peniod is performed simultaneously.

28\ The method of claim 22, wherein the removintheffirst volume of the first
liquid cultureymedium, and the adding of the seceoldme of the second liquid culture
medium in one\Qr more of the first time period, seeond time period, and the third time

period is performed continuously.

29. The method of claim 22, wherein the removintheffirst volume of the first
liquid culture medium, and e adding of the seceoldme of the second liquid culture
medium in one of more of the figst time period, #eeond time period, and the third time

period is performed periodically.

30. The method of claim 22, whegein the shake hasea volume of between
about 10 mL to about 100 mL.

31. The method of claim 22, wherein the Xoluméheffirst liquid culture

medium is about 2 mL to about 20 mL.

32. The method of claim 22, wherein the first ldjoultyre medium and second
liquid culture medium used in the first time perisdserum-containing liquid culture
medium or an animal-derived component-containiqgitl culture medium, and the first
liquid culture medium and the second liquid cultoredium used in the\second time
period and the third time period is a serum-frgaill culture medium, an animal-derived

component-free liquid culture medium, or a protiege medium.

33. The method of claim 22, wherein the agitat®onaased for at least 30

seconds prior to removing the first volume of thstfliquid culture medium from the
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shake tube during one or more of the first timequkrthe second time period, and the

third time period.

34. The method of claim 22, wherein the pluralityracrocarriers has a mean
r of between about 206 to about 80@um.

35. The method of claim 34, wherein the pluralityracrocarriers contains one or

more pores.

36. The methoy of claim 35, wherein the one or npares has a mean diameter

of about 25um to about

37. The method of clai

medium removed during the thir

22, wherein the first votuai the first liquid culture
eriod of time eimé a substantial number of
microcarriers.
38. The method of claim 22, whereiR the first voéuai the first liquid culture
medium removed during the third period of timgubsantially free of microcarriers.
39. The method of claim 22, wherein the firstwoéuai the first liquid culture
medium removed and the second volume of the sdaung culture medium added in
one or more of the first time period, the secontktperiod, and the third time period is

about 70% of the volume of the first liquid culturedium.

40. The method of claim 22, wherein the shake tsiliecubated\n (b), (c), and

(d) at a reactor angle of about 25 degrees to ébdegrees from horizorxal.

41. A method of producing a recombinant proteie, tiethod comprisings
providing a shake tube containing a mammalianameitaining a nucleic aci
encoding a recombinant protein disposed in alfgsid culture medium, wherein the

first liquid culture medium occupies about 10% boat 30% of the volume of the shake
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tube and contains a plurality of microcarriers abacentration of about 1.0 g/L to about
15.0 g/L;

incubating the shake tube for a period of timebata 32 °C to about 39 °C and
with,a rotary agitation of about 120 revolutions penute (RPM) to about 240 RPM,;
and

after about the first 48 to 96 hours of the pepbtime, continuously or
periodically removing a first volume of the firggliid culture medium and adding to the
first liquid culture medium a second volume of aa® liquid culture medium, wherein
the first and secong volumes are about equal; and

recovering theNecombinant protein from the mamamadiell or from the first

and/or second liquid cultyre medium.

42. The method of claim\41, wherein the recombimpaotein is recovered from
the mammalian cell.

43. The method of claim 41, whexein the recombipaotein is recovered from
the first and/or second liquid culture medi

44. The method of claim 41, wherein the Tigst voduai the first liquid culture

medium removed is substantially free of microcasti

45. The method of claim 41, wherein at the begigmifthe period of time, the

first liquid culture medium contains 0.1 x®1€ells/mL to 0.5 x 1®cells/mL.

46. The method of claim 41, wherein the mammal&lhis a Chinese hamster
ovary (CHO) cell.

47. The method of claim 41, wherein the recombipaotein is an

immunoglobulin, an enzyme, a growth factor, a proteagment, or an engineered
protein.
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48. The method of claim 47, wherein the recombipaotein is secreted into the

first and/or second liquid culture medium.

49. The method of claim 41, wherein the removihthe first volume of the first
liquid cylture medium and the adding of the secesldme of the second liquid culture

medium isperformed simultaneously.

50. The method of claim 41, wherein the removingheffirst volume of the first
liquid culture medityn and the adding of the secemldme of the second liquid culture

medium is performed ontinuously.

51. The method of clajm 41, wherein the removingheffirst volume of the first
liquid culture medium and the adding of the secesldme of the second liquid culture

medium is performed periodically.
52. The method of claim 41, wherein the first voéuai the first liquid culture
medium removed and the second volume of the sdaund culture medium added are

increased over time.

53. The method of claim 41, wherein the first YWgjeulture medium is the same

as the second liquid culture medium.

54. The method of claim 41, wherein the first lgjgulture\medium is different

from the second liquid culture medium.

55. The method of claim 41, wherein the shake hdsea volume of between
about 10 mL to about 100 mL.

56. The method of claim 41, wherein the mammadihis suspended in absut 2

mL to about 20 mL of the first liquid culture mediu
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57. The method of claim 41, wherein the first ldjgulture medium and/or
second liquid culture medium is selected from tfeg consisting of: a chemically-
fined liquid culture medium, a serum-free liqoidture medium, a serum-containing

liguid culture medium, an animal-derived componkeé liquid culture medium, and a

58. The method of claim 41, wherein after abouffitts¢ 48 to 96 hours of the
period of time, IR each 24-hour period, the firgslume of the first liquid culture medium
removed and the second volume of the second liculiidre medium added is about 30%
to about 95% of the volume of the first liquid cuk medium.

59. The method of clajm 41, wherein the agitat®ndased for a period of time of

at least 30 seconds prior to removing the firsuxrad of the first liquid culture medium.

60. The method of claim 41, wkerein the pluralityracrocarriers has a mean

diameter of between about 20t to abouk80@m.

61. The method of claim 60, wherein the pluralityrocrocarriers contains one or
more pores.

62. The method of claim 61, wherein the one or s has a mean diameter
of about 25um to about 3um.

63. The method of claim 41, wherein the shake tslli@cubated at a reactor angle

of about 25 degrees to about 90 degrees from haeko

64. A method of producing a recombinant proteie, tfethod comprisig:

(a) providing a shake tube containing a mammalehcontaining a nuclei¢ acid
encoding a recombinant protein disposed in alfgsaid culture medium, wherein th
first liquid culture medium occupies about 10% boat 30% of the volume of the sha
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tube and contains a plurality of microcarriers icoacentration of about 1.0 g/L to about
15.0 g/L;

(b) incubating the shake tube for a first time perat about 35 °C to about 39 °C
with\a rotary agitation of about 120 revolutions penute (RPM) to about 240 RPM,

medium that is substantially free of microcarrigosn the shake tube, wherein the first
volume is about 10% to about 95% of the voluméheffirst liquid culture medium; and

(i) adding to the shake tube a second volumes&and liquid culture medium,
wherein the first and secgnd volumes are aboutlequa

(c) incubating the shake tube after the cell cotraéipn reaches about target cell
density for a second time period of about 2 dayabiout 7 days, at about 32 °C to about
39 °C with the rotary agitation, ang in each 24+hmeriod, performing steps (b)(i) and
(b)(ii), wherein the first and second liquid cukunedia used in step (b) are of a
substantially different type from those used ip<®;

(d) incubating the shake tube for a tRird time e greater than 2 days, at about
35 °C to about 39 °C with the rotary agitation,\andach 24-hour period, performing
steps (b)(i) and (b)(ii), wherein the first and@ed Iijuid culture media used in step (c)
are of the same type as those used in step (d); and

(e) recovering the recombinant protein from the man cell or the first and/or

second liquid culture medium used during the fgstond, and/or third period of time.

65. The method of claim 64, wherein the recombimpaoteins recovered from

the mammalian cell.
66. The method of claim 64, wherein the recombimpaotein is recovexed from

the first and/or second liquid culture medium udadng one or more of the firs

second, and third period of time.
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67. The method of claim 64, wherein at the begigmhthe first period of time,
the first liquid culture medium contains 0.1 X t@lls/mL to 0.5 x 10cells/mL.

68. The method of claim 64, wherein the mammalilhis a Chinese hamster
ovary {CHO) cell.

69. The method of claim 64, wherein the recombipaotein is an
immunoglobuliny an enzyme, a growth factor, a proteagment, or an engineered

protein.

70. The method okclaim 69, wherein the recombimpaotein is secreted into the
first and/or second liquid cukure medium used migone or more of the first period of

time, the second period of timey and the thirdqueof time.

71. The method of claim 64, Wherein the removihthe first volume of the first
liquid culture medium and the adding of\the seceoldme of the second liquid culture
medium in one or more of the first time period, eeond time period, and the third time

period is performed simultaneously.

72. The method of claim 64, wherein the remqvintheffirst volume of the first
liquid culture medium and the adding of the seceoldme\Qf the second liquid culture
medium in one or more of the first time period, seeond time period, and the third time

period is performed continuously.

73. The method of claim 64, wherein the removintheffirst volume of the first
liquid culture medium and the adding of the secesldme of the second hguid culture
medium in one of more of the first time period, #&eond time period, and the third time
period is performed periodically.

74. The method of claim 64, wherein the shake hasea volume of between
about 10 mL to about 100 mL.
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75. The method of claim 64, wherein the voluméheffirst liquid culture

medium is about 2 mL to about 20 mL.

76. The method of claim 64, wherein the first lgjgulture medium and second
liquid sulture medium used in the first time periscserum-containing liquid culture
medium o an animal-derived component-containiqgidl culture medium, and the first
liquid culturemedium and second liquid culture medused in the second time period
and the third time period is a serum-free liquittulme medium, an animal-derived

component free liguid culture medium, or a protiege medium.

77. The method ok claim 64, wherein the agitat®naased for at least 30
seconds prior to removing tke first volume of thstfliquid culture medium, from the
shake tube during one or more\of the first timequkrthe second time period, and the

third time period.

78. The method of claim 64, whexein the pluralityracrocarriers has a mean
diameter of between about 20t to about 8Q@m.

79. The method of claim 78, wherein the pluralityracrocarrier contains one or

maore pores.

80. The method of claim 79, wherein the one or s has a mean diameter
of about 25um to about 3um.

81. The method of claim 64, wherein the first vokuaf the liquid culture
medium removed during the third period of time eimé a substantial number of

microcarriers.

82. The method of claim 64, wherein the first vokuat the liquid culture

medium removed during the third period of timeubsantially free of microcarriers.
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83. The method of claim 64, wherein the first voéuai the first liquid culture
medium removed and the second volume of the selapnd culture medium added in

ne or more of the first time period, the secontetperiod, and the third time period is

protein, the method cemprising:
providing a shake\tube containing a mammalianameitaining a nucleic acid

encoding a recombinant protein disposed in alfgsid culture medium, wherein the

ies about 10% boat 30% of the volume of the shake

tube and contains a plurality of migrocarriers abacentration of about 1.0 g/L to about

15.0 g/L;
incubating the shake tube for a period of timebata 32 °C to about 39 °C and

with a rotary agitation of about 120 revolutigns penute (RPM) to about 240 RPM,;
after about the first 48 to 96 hours of t

first liquid culture medium occ

peonbtime, continuously or
periodically removing a first volume of the firgguiid culture medium and adding to the
first liquid culture medium a second volume of a iquid culture medium, wherein
the first and second volumes are about equal,

detecting the recombinant protein in the cell othia firgt and/or second culture
medium; and

comparing the amount of recombinant protein presettite cgll or in the first

and/or second culture medium to a reference lduweaombinant protel

86. The method of claim 85, wherein the first voéuai the first liquid gulture
medium is substantially free of mammalian cells.

87. The method of claim 85, wherein the refereesgellof recombinant protein

a level of recombinant protein produced using gedeht culturing method.
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88. The method of claim 87, wherein the differanturing method utilizes a
different first or second liquid culture mediundifferent mammalian cell, a different

mperature, a different level of agitation, aeléint shake tube, or a different

90. The mathod of claim 85, wherein the methagased to perform high
throughput cell culturs experiments to perform sigie-of-experiment (DOE) or a
quality-by-design (QBD) study.

91. The method of clai
about 10 mL to about 100 mL.

85, wherein the shake tsilb@s a volume of between

92. The method of claim 85, wherein the mammadihis suspended in about
2 mL to about 20 mL of the first liquid cultuxe mech.

93. The method of claim 85, wherein the Ynammadelhis a Chinese hamster

ovary (CHO) cell.
94. The method of claim 85, wherein the recombipagtein is a secreted
immunoglobulin, a secreted enzyme, a secreted yrtaetor, a secreted protein
fragment, or a secreted engineered protein, andeivhthe recombi

recovered from the first or second culture medium.

95. The method of claim 85, wherein the recombimpaotein is recovexed from
the mammalian cell.
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96. The method of claim 95, wherein the recombipaotein is an
immunoglobulin, an enzyme, a growth factor, a proteagment, or an engineered

otein.

7. The method of claim 85, wherein the removifithe first volume of the first
liquid cultyre medium and the adding of the secemldme of the second liquid culture

medium is psrformed simultaneously.

98. The metod of claim 85, wherein the removintheffirst volume of the first
liquid culture medium\and the adding of the secesldme of the second liquid culture

medium is performed coRtinuously.

99. The method of claim\85, wherein the removingheffirst volume of the first
liquid culture medium and the adding of the seceosldme of the second liquid culture

medium is performed periodically.

100. The method of claim 85, wherein the first wioduof the first liquid culture
medium removed and the second volume of tke selapnd culture medium added are

increased over time.

101. The method of claim 85, wherein the first ityoulture medium and/or
second liquid culture medium is selected from tleaig consisting of: a chemically-
defined liquid culture medium, a serum-free liqowdture mediurg, a serum-containing
liquid culture medium, an animal-derived comporfes¢ liquid cultuxe medium, and a

protein-free medium.

102. The method of claim 85, wherein the shake tsiloacubated at a xeactor

angle of about 25 degrees to about 90 degreesHorimontal.

103. A method of testing the efficacy of a firstsecond liquid culture medium,

raw ingredient or supplement present in a firstexrond liquid culture medium, or a
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source of a mammalian cell for use in a methodroflpcing a recombinant protein, the
method comprising:

providing a shake tube containing a mammaliandisposed in a first liquid

incubating the shake tube for a period of timebata 32 °C to about 39 °C and
with a rotary agiation of about 120 revolutions penute (RPM) to about 240 RPM,;
and

after about the\{jrst 48 to 96 hours of the pepbtime, continuously or
periodically removing a kst volume of the firggliid culture medium and adding to the
first liquid culture medium axsecond volume of aa® liquid culture medium, wherein
the first and second volumes axe about equal,

detecting the recombinant wrotein in the cell othia first and/or second culture
medium;

comparing the amount of recombypant protein presettte cell or in the first
and/or second culture medium to a referense leuwelammbinant protein produced by a
different method that uses one or more of a diefiest or second liquid culture
medium, a different raw ingredient or supplememeisgnt in the first or second liquid
culture medium, or a different source of a mam ; and
identifying the first or second liquid culture medi\the raw ingredient or
supplement present in the first or second liquitice medium, or the source of the
mammalian cell that is associated with an increaseount of recQmbinant protein as
compared to the reference level as being efficacfouuse in a method of producing a

recombinant protein.

104. The method of claim 103, wherein the shake tsilincubated at

angle of about 25 degrees to about 90 degreesHorimontal.

105. A method of optimizing a manufacturing procafsproducing a recombinant

protein, the method comprising:
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providing a shake tube containing a mammaliandisposed in a first liquid

culture medium, wherein the first liquid culture ainem occupies about 10% to about
0% of the volume of the shake tube and contapisrality of microcarriers at a
congentration of about 1.0 g/L to about 15.0 g/L;

{ncubating the shake tube for a period of timebata 32 °C to about 39 °C and
with a rotary agitation of about 120 revolutions penute (RPM) to about 240 RPM,;
and

after about the first 48 to 96 hours of the pepbtime, continuously or
periodically removiQg a first volume of the firggliid culture medium and adding to the
first liquid culture medium a second volume of aa® liquid culture medium, wherein
the first and second voluxpes are about equal,

detecting the recombipant protein in the cell othia first and/or second culture
medium;

comparing the amount of recombinant protein presettte cell or in the first
and/or second culture medium to a reference leuwelammbinant protein produced by a
different method; and

identifying and removing or altering¥q a manufaotg process any culture
components or parameters that are associatey wihraase in the amount of
recombinant protein produced as compared to tieaete level, or identifying and
adding to a manufacturing process any culture com@pis or parameters that are
associated with an increase in the amount of recmanbpiQtein produced as compared

to the reference level.

106. The method of claim 105, wherein the shake tslincubated at a reactor

angle of about 25 degrees to about 90 degreesHaoinontal.

107. A method of testing for the presence of damimant in a first onsecond
liquid culture medium, a raw material used to gateer first or second liquid cukure
medium, or a source of a mammalian cell, the metimmaprising:

providing a shake tube containing a mammaliandisposed in a first liquid

culture medium, wherein the first liquid culture ainvem occupies about 10% to about
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30% of the volume of the shake tube and contapisrality of microcarriers at a
concentration of about 1.0 g/L to about 15.0 g/L;

incubating the shake tube for a period of timebata 32 °C to about 39 °C and
with\a rotary agitation of about 120 revolutions penute (RPM) to about 240 RPM,;
and

aftgr about the first 48 to 96 hours of the pepbtime, continuously or
periodically removing a first volume of the firggliid culture medium and adding to the
first liquid culture medium a second volume of aa® liquid culture medium, wherein
the first and second volumes are about equal,

detecting the reacombinant protein in the cell othia first and/or second culture
medium;

comparing the amoukt of recombinant protein presettite cell or in the first
and/or second culture medium\o a reference leuwelammbinant protein produced by a
different method that uses one ornore of a diffefiest or second liquid culture
medium, a different raw material to generate th& tir second liquid culture medium, or
a different source of the mammalian celk and

identifying the first or second liquid sulture medi, the raw material used to
generate the first or second liquid culture medignthe source of a mammalian cell as
containing a contaminant when the level of recomabirprotein produced is less than the

reference level.

108. The method of claim 107, wherein the contamiiga biological

contaminant.
109. The method of claim 108, wherein the bioloomataminant is selected
from the group consisting of: mycobacterium, a ugga bacterium, a viros, and an

undesired mammalian cell.

110. The method of claim 107, wherein the shake s incubated at a reastor

angle of about 25 degrees to about 90 degreesHorimontal.
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WHAT IS CLAIMED 1S:

1. A method of culturing an adherent mammalian cell, the method comprising:

providing a shake tube containing an adherent mammalian cell disposed in a first liquid
culture medium, wherein the first liquid culture medium occupies about 10% to about 30% of the
volume of the shake tube and contains a plurality of microcarriers at a concentration of about 1.0
g/L to about 15.0 g/L;

incubating the shake tube for a period of time at about 32 °C to about 39 °C and with a
rotary agitation of about 130 revolutions per minute (RPM) to about 150 RPM, and at a reactor
angle of about 25 degrees to about 90 degrees from horizontal; and

after about the first 48 to 96 hours of the period of time, continuously or periodically
removing a first volume of the first liquid culture medium and adding to the first liquid culture
medium a second volume of a second liquid culture medium, wherein the first and second

volumes are about equal.

2. The method of claim 1, wherein the first volume of the first liquid culture medium is

substantially free of the microcarriers.

3. The method of claim 1, wherein at the beginning of the period of time, the first liquid
culture medium contains 0.1 x 10° cells/mL to 0.5 x 10° cells/mL.

4. The method of claim 1, wherein the adherent mammalian cell is a Chinese hamster
ovary (CHO) cell.

5. The method of claim 4, wherein the CHO cell contains a nucleic acid encoding a

recombinant protein.

6. The method of claim 5, wherein the recombinant protein is an immunoglobulin, an

enzyme, a growth factor, a protein fragment, or an engineered protein.
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7. The method of claim 1, wherein the removing of the first volume of the first liquid
culture medium and the adding of the second volume of the second liquid culture medium is

performed simultaneously.

8. The method of claim 1, wherein the removing of the first volume of the first liquid
culture medium and the adding of the second volume of the second liquid culture medium is

performed continuously.

9. The method of claim 1, wherein the removing of the first volume of the first liquid
culture medium and the adding of the second volume of the second liquid culture medium is

performed periodically.
10. The method of claim 1, wherein the first volume of the first liquid culture medium
removed and the second volume of the second liquid culture medium added are increased over

time.

11. The method of claim 1, wherein the first liquid culture medium is the same as the

second liquid culture medium.

12. The method of claim 1, wherein the first liquid culture medium is different from the

second liquid culture medium.

13. The method of claim 1, wherein the shake tube has a volume of between about 10
mL to about 100 mL.

14. The method of claim 1, wherein the adherent mammalian cell is suspended in about 2

mL to about 20 mL of the first liquid culture medium.

15. The method of claim 1, wherein the first liquid culture medium and/or second liquid

culture medium is selected from the group consisting of: a chemically-defined liquid culture
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medium, a serum-free liquid culture medium, a serum-containing liquid culture medium, an

animal-derived component free liquid culture medium, and a protein-free medium.

16. The method of claim 1, wherein after about the first 48 to 96 hours of the period of
time, in each 24-hour period, the first volume of the first liquid culture medium removed and the
second volume of the second liquid culture medium added is about 30% to about 95% of the

volume of the first liquid culture medium.

17. The method of claim 1, wherein the agitation is ceased for a period of time of at least

30 seconds prior to removing the first volume of the first liquid culture medium.

18. The method of claim 1, wherein the plurality of microcarriers has a mean diameter of

between about 200 um to about 800 um.

19. The method of claim 18, wherein the plurality of microcarriers contains one or more

pores.

20. The method of claim 19, wherein the one or more pores has a mean diameter of about

25 pm to about 35 pum.

21. The method of claim 1, wherein the shake tube is incubated at a reactor angle of

about 25 degrees to about 60 degrees from horizontal.

22. The method of any one of claims 1-21, wherein a viable cell concentration in the first
and/or second liquid culture medium of greater than 2 x 10° cells/mL is achieved at some point

during the period of time.

23. A method of culturing an adherent mammalian cell, the method comprising:
(a) providing a shake tube containing an adherent mammalian cell disposed in a first
liquid culture medium that occupies about 10% to about 30% of the volume of the shake tube

and contains a plurality of microcarriers in a concentration of about 1.0 g/L to about 15.0 g/L;
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(b) incubating the shake tube for a first time period at about 35 °C to about 39 °C with a
rotary agitation of about 130 revolutions per minute (RPM) to about 150 RPM, and at a reactor
angle of about 25 degrees to about 90 degrees, and after about the first 48 to 96 hours of the first
period of time, in each subsequent 24-hour period,

(i) continuously or periodically removing a first volume of the first liquid culture medium
that is substantially free of microcarriers from the shake tube, wherein the first volume is about
10% to about 95% of the volume of the first liquid culture medium; and

(i) adding to the shake tube a second volume of a second liquid culture medium, wherein
the first and second volumes are about equal;

(c) incubating the shake tube after the adherent mammalian cell concentration reaches
about target cell density for a second time period of about 2 days to about 7 days, at about 32 °C
to about 39 °C with the rotary agitation, and in each 24-hour period, performing steps (b)(i) and
(b)(ii), wherein the first and second liquid culture media used in step (b) are of a substantially
different type from those used in step (c); and

(d) incubating the shake tube for a third time period greater than 2 days, at about 35 °C to
about 39 °C with the rotary agitation, and in each 24-hour period, performing steps (b)(i) and
(b)(ii), wherein the first and second liquid culture media used in step (c) are of the same type as

those used in step (d).

24. The method of claim 23, wherein at the beginning of the first period of time, the first

liquid culture medium contains 0.1 x 10° cells/mL to 0.5 x 10° cells/mL.

25. The method of claim 23, wherein the adherent mammalian cell is a Chinese hamster
ovary (CHO) cell.

26. The method of claim 25, wherein the CHO cell contains a nucleic acid encoding a

recombinant protein.

27. The method of claim 26, wherein the recombinant protein is a secreted
immunoglobulin, a secreted enzyme, a secreted growth factor, a secreted protein fragment, or a

secreted engineered protein.
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28. The method of claim 23, wherein the removing of the first volume of the first liquid
culture medium, and the adding of the second volume of the second liquid culture medium in one
or more of the first time period, the second time period, and the third time period is performed

simultaneously.

29. The method of claim 23, wherein the removing of the first volume of the first liquid
culture medium, and the adding of the second volume of the second liquid culture medium in one
or more of the first time period, the second time period, and the third time period is performed

continuously.

30. The method of claim 23, wherein the removing of the first volume of the first liquid
culture medium, and the adding of the second volume of the second liquid culture medium in one
of more of the first time period, the second time period, and the third time period is performed

periodically.

31. The method of claim 23, wherein the shake tube has a volume of between about 10
mL to about 100 mL.

32. The method of claim 23, wherein the volume of the first liquid culture medium is
about 2 mL to about 20 mL.

33. The method of claim 23, wherein the first liquid culture medium and second liquid
culture medium used in the first time period is serum-containing liquid culture medium or an
animal-derived component-containing liquid culture medium, and the first liquid culture medium
and the second liquid culture medium used in the second time period and the third time period is
a serum-free liquid culture medium, an animal-derived component-free liquid culture medium, or

a protein-free medium.

34. The method of claim 23, wherein the agitation is ceased for at least 30 seconds prior
to removing the first volume of the first liquid culture medium from the shake tube during one or

more of the first time period, the second time period, and the third time period.
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35. The method of claim 23, wherein the plurality of microcarriers has a mean diameter

of between about 200 um to about 800 um.

36. The method of claim 35, wherein the plurality of microcarriers contains one or more

pores.

37. The method of claim 36, wherein the one or more pores has a mean diameter of about

25 pum to about 35 pm.

38. The method of claim 23, wherein the first volume of the first liquid culture medium

removed during the third period of time contains a substantial number of microcarriers.

39. The method of claim 23, wherein the first volume of the first liquid culture medium

removed during the third period of time is substantially free of microcarriers.

40. The method of claim 23, wherein the first volume of the first liquid culture medium
removed and the second volume of the second liquid culture medium added in one or more of the
first time period, the second time period, and the third time period is about 70% of the volume of

the first liquid culture medium.

41. The method of claim 23, wherein the shake tube is incubated in (b), (c), and (d) at a

reactor angle of about 25 degrees to about 60 degrees from horizontal.

42. The method of any one of claims 23-41, wherein a viable mammalian cell
concentration in the first and/or second liquid culture medium of greater than 2 x 10° cells/mL is

achieved at some point during the first, second, or third time period.
43. A method of producing a recombinant protein, the method comprising:

providing a shake tube containing an adherent mammalian cell containing a nucleic acid

encoding a recombinant protein disposed in a first liquid culture medium, wherein the first liquid
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culture medium occupies about 10% to about 30% of the volume of the shake tube and contains
a plurality of microcarriers at a concentration of about 1.0 g/L to about 15.0 g/L;

incubating the shake tube for a period of time at about 32 °C to about 39 °C, with a rotary
agitation of about 130 revolutions per minute (RPM) to about 150 RPM, and at a reactor angle of
about 25 degrees to about 90 degrees; and

after about the first 48 to 96 hours of the period of time, continuously or periodically
removing a first volume of the first liquid culture medium and adding to the first liquid culture
medium a second volume of a second liquid culture medium, wherein the first and second
volumes are about equal; and

recovering the recombinant protein from the adherent mammalian cell or from the first

and/or second liquid culture medium.

44. The method of claim 43, wherein the recombinant protein is recovered from the

adherent mammalian cell.

45. The method of claim 43, wherein the recombinant protein is recovered from the first

and/or second liquid culture medium.

46. The method of claim 43, wherein the first volume of the first liquid culture medium

removed is substantially free of microcarriers.

47. The method of claim 43, wherein at the beginning of the period of time, the first

liquid culture medium contains 0.1 x 10° cells/mL to 0.5 x 10° cells/mL.

48. The method of claim 43, wherein the adherent mammalian cell is a Chinese hamster
ovary (CHO) cell.

49. The method of claim 43, wherein the recombinant protein is an immunoglobulin, an

enzyme, a growth factor, a protein fragment, or an engineered protein.
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50. The method of claim 49, wherein the recombinant protein is secreted into the first

and/or second liquid culture medium.

51. The method of claim 43, wherein the removing of the first volume of the first liquid
culture medium and the adding of the second volume of the second liquid culture medium is

performed simultaneously.

52. The method of claim 43, wherein the removing of the first volume of the first liquid
culture medium and the adding of the second volume of the second liquid culture medium is

performed continuously.

53. The method of claim 43, wherein the removing of the first volume of the first liquid
culture medium and the adding of the second volume of the second liquid culture medium is

performed periodically.
54. The method of claim 43 wherein the first volume of the first liquid culture medium
removed and the second volume of the second liquid culture medium added are increased over

time.

55. The method of claim 43, wherein the first liquid culture medium is the same as the

second liquid culture medium.

56. The method of claim 43, wherein the first liquid culture medium is different from the

second liquid culture medium.

57. The method of claim 43, wherein the shake tube has a volume of between about 10
mL to about 100 mL.

58. The method of claim 43, wherein the adherent mammalian cell is suspended in about

2 mL to about 20 mL of the first liquid culture medium.
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59. The method of claim 43, wherein the first liquid culture medium and/or second liquid
culture medium is selected from the group consisting of: a chemically-defined liquid culture
medium, a serum-free liquid culture medium, a serum-containing liquid culture medium, an

animal-derived component-free liquid culture medium, and a protein-free medium.

60. The method of claim 43, wherein after about the first 48 to 96 hours of the period of
time, in each 24-hour period, the first volume of the first liquid culture medium removed and the
second volume of the second liquid culture medium added is about 30% to about 95% of the

volume of the first liquid culture medium.

61. The method of claim 43 wherein the agitation is ceased for a period of time of at least
30 seconds prior to removing the first volume of the first liquid culture medium.

62. The method of claim 43, wherein the plurality of microcarriers has a mean diameter

of between about 200 um to about 800 um.

63. The method of claim 62, wherein the plurality of microcarriers contains one or more

pores.

64. The method of claim 63, wherein the one or more pores has a mean diameter of about

25 pum to about 35 pm.

65. The method of claim 43, wherein the shake tube is incubated at a reactor angle of
about 25 degrees to about 60 degrees from horizontal.

66. The method of any one of claims 43-65, wherein a viable cell concentration in the

first and/or second liquid culture medium of greater than 2 x 10° cells/mL is achieved at some
point during the period of time.

-72-


jehanna.huerto
Line


10

15

20

25

67. A method of producing a recombinant protein, the method comprising:

(a) providing a shake tube containing an adherent mammalian cell containing a nucleic
acid encoding a recombinant protein disposed in a first liquid culture medium, wherein the first
liquid culture medium occupies about 10% to about 30% of the volume of the shake tube and
contains a plurality of microcarriers in a concentration of about 1.0 g/L to about 15.0 g/L;

(b) incubating the shake tube for a first time period at about 35 °C to about 39 °C with a
rotary agitation of about 130 revolutions per minute (RPM) to about 150 RPM, and at a reactor
angle of about 25 degrees to about 90 degrees, and after about the first 48 hours to 96 hours of
the first period of time, in each subsequent 24-hour period,

(i) continuously or periodically removing a first volume of the first liquid culture medium
that is substantially free of microcarriers from the shake tube, wherein the first volume is about
10% to about 95% of the volume of the first liquid culture medium; and

(i) adding to the shake tube a second volume of a second liquid culture medium, wherein
the first and second volumes are about equal;

(c) incubating the shake tube after the adherent mammalian cell concentration reaches
about target cell density for a second time period of about 2 days to about 7 days, at about 32 °C
to about 39 °C with the rotary agitation, and in each 24-hour period, performing steps (b)(i) and
(b)(ii), wherein the first and second liquid culture media used in step (b) are of a substantially
different type from those used in step (c);

(d) incubating the shake tube for a third time period greater than 2 days, at about 35 °C to
about 39 °C with the rotary agitation, and in each 24-hour period, performing steps (b)(i) and
(b)(ii), wherein the first and second liquid culture media used in step (c) are of the same type as
those used in step (d); and

(e) recovering the recombinant protein from the adherent mammalian cell or the first

and/or second liquid culture medium used during the first, second, and/or third period of time.

68. The method of claim 67, wherein the recombinant protein is recovered from the

adherent mammalian cell.
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69. The method of claim 67, wherein the recombinant protein is recovered from the first
and/or second liquid culture medium used during one or more of the first, second, and third

period of time.

70. The method of claim 67, wherein at the beginning of the first period of time, the first

liquid culture medium contains 0.1 x 10° cells/mL to 0.5 x 10° cells/mL.

71. The method of claim 67, wherein the adherent mammalian cell is a Chinese hamster
ovary (CHO) cell.

72. The method of claim 67, wherein the recombinant protein is an immunoglobulin, an
enzyme, a growth factor, a protein fragment, or an engineered protein.

73. The method of claim 72, wherein the recombinant protein is secreted into the first
and/or second liquid culture medium used during one or more of the first period of time, the
second period of time, and the third period of time.

74. The method of claim 67, wherein the removing of the first volume of the first liquid
culture medium and the adding of the second volume of the second liquid culture medium in one
or more of the first time period, the second time period, and the third time period is performed

simultaneously.

75. The method of claim 67, wherein the removing of the first volume of the first liquid
culture medium and the adding of the second volume of the second liquid culture medium in one
or more of the first time period, the second time period, and the third time period is performed

continuously.

76. The method of claim 67, wherein the removing of the first volume of the first liquid
culture medium and the adding of the second volume of the second liquid culture medium in one
of more of the first time period, the second time period, and the third time period is performed

periodically.
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77. The method of claim 67, wherein the shake tube has a volume of between about 10
mL to about 100 mL.

78. The method of claim 67, wherein the volume of the first liquid culture medium is
about 2 mL to about 20 mL.

79. The method of claim 67, wherein the first liquid culture medium and second liquid
culture medium used in the first time period is serum-containing liquid culture medium or an
animal-derived component-containing liquid culture medium, and the first liquid culture medium
and second liquid culture medium used in the second time period and the third time period is a
serum-free liquid culture medium, an animal-derived component free liquid culture medium, or a

protein-free medium.

80. The method of claim 67, wherein the agitation is ceased for at least 30 seconds prior
to removing the first volume of the first liquid culture medium, from the shake tube during one
or more of the first time period, the second time period, and the third time period.

81. The method of claim 67, wherein the plurality of microcarriers has a mean diameter

of between about 200 um to about 800 um.

82. The method of claim 81, wherein the plurality of microcarrier contains one or more

pores.

83. The method of claim 82, wherein the one or more pores has a mean diameter of about

25 pum to about 35 pm.

84. The method of claim 67, wherein the first volume of the liquid culture medium

removed during the third period of time contains a substantial number of microcarriers.

85. The method of claim 67, wherein the first volume of the liquid culture medium

removed during the third period of time is substantially free of microcarriers.
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86. The method of claim 67, wherein the first volume of the first liquid culture medium
removed and the second volume of the second liquid culture medium added in one or more of the
first time period, the second time period, and the third time period is about 70% of the volume of

the first liquid culture medium.

87. The method of claim 67, the shake tube is incubated in (b), (c), and (d) at a reactor
angle of about 25 degrees to about 60 degrees from horizontal.

88. The method of any one of claims 67-87, wherein a viable cell concentration in the
first and/or second liquid culture medium of greater than 2 x 10° cells/mL is achieved at some
point during the first, second, or third period of time.

89. A method for testing a manufacturing process for making a recombinant protein, the
method comprising:

providing a shake tube containing an adherent mammalian cell containing a nucleic acid
encoding a recombinant protein disposed in a first liquid culture medium, wherein the first liquid
culture medium occupies about 10% to about 30% of the volume of the shake tube and contains
a plurality of microcarriers at a concentration of about 1.0 g/L to about 15.0 g/L;

incubating the shake tube for a period of time at about 32 °C to about 39 °C, and with a
rotary agitation of about 130 revolutions per minute (RPM) to about 150 RPM, and at a reactor
angle of about 25 degrees to about 90 degrees; and

after about the first 48 to 96 hours of the period of time, continuously or periodically
removing a first volume of the first liquid culture medium and adding to the first liquid culture
medium a second volume of a second liquid culture medium, wherein the first and second
volumes are about equal;

detecting the recombinant protein in the adherent mammalian cell or in the first and/or
second culture medium; and

comparing the amount of recombinant protein present in the adherent mammalian cell or in

the first and/or second culture medium to a reference level of recombinant protein.
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90. The method of claim 89, wherein the first volume of the first liquid culture medium is

substantially free of mammalian cells.

91. The method of claim 89, wherein the reference level of recombinant protein is a level

of recombinant protein produced using a different culturing method.

92. The method of claim 89, wherein the different culturing method utilizes a different
first or second liquid culture medium, a different mammalian cell, a different temperature, a

different level of agitation, a different shake tube, or a different microcarrier.

93. The method of claim 89, wherein the different culturing method utilizes a different

raw material, anti-clumping agent, or chemically-defined liquid culture medium.

94. The method of claim 89, wherein the method is used to perform high throughput cell
culture experiments to perform a design-of-experiment (DOE) or a quality-by-design (QBD)

study.

95. The method of claim 89, wherein the shake tube has a volume of between about 10
mL to about 100 mL.

96. The method of claim 89, wherein the adherent mammalian cell is suspended in about

2 mL to about 20 mL of the first liquid culture medium.

97. The method of claim 89, wherein the adherent mammalian cell is a Chinese hamster
ovary (CHO) cell.

98. The method of claim 89, wherein the recombinant protein is a secreted
immunoglobulin, a secreted enzyme, a secreted growth factor, a secreted protein fragment, or a
secreted engineered protein, and wherein the recombinant protein is recovered from the first or

second culture medium.
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99. The method of claim 89, wherein the recombinant protein is recovered from the

adherent mammalian cell.

100. The method of claim 99, wherein the recombinant protein is an immunoglobulin, an

enzyme, a growth factor, a protein fragment, or an engineered protein.

101. The method of claim 89, wherein the removing of the first volume of the first liquid
culture medium and the adding of the second volume of the second liquid culture medium is

performed simultaneously.

102. The method of claim 89, wherein the removing of the first volume of the first liquid
culture medium and the adding of the second volume of the second liquid culture medium is

performed continuously.

103. The method of claim 89, wherein the removing of the first volume of the first liquid
culture medium and the adding of the second volume of the second liquid culture medium is

performed periodically.

104. The method of claim 89, wherein the first volume of the first liquid culture medium
removed and the second volume of the second liquid culture medium added are increased over

time.

105. The method of claim 89, wherein the first liquid culture medium and/or second
liquid culture medium is selected from the group consisting of: a chemically-defined liquid
culture medium, a serum-free liquid culture medium, a serum-containing liquid culture medium,

an animal-derived component free liquid culture medium, and a protein-free medium.

106. The method of claim 89, wherein the shake tube is incubated at a reactor angle of

about 25 degrees to about 60 degrees from horizontal.
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107. The method of any one of claims 89-106, wherein a viable cell concentration in the
first and/or second liquid culture medium of greater than 2 x 10° cells/mL is achieved at some

point during the period of time.

108. A method of testing the efficacy of a first or second liquid culture medium, a raw
ingredient or supplement present in a first or second liquid culture medium, or a source of an
adherent mammalian cell for use in a method of producing a recombinant protein, the method
comprising:

providing a shake tube containing an adherent mammalian cell disposed in a first liquid
culture medium, wherein the first liquid culture medium occupies about 10% to about 30% of the
volume of the shake tube and contains a plurality of microcarriers at a concentration of about 1.0
g/L to about 15.0 g/L;

incubating the shake tube for a period of time at about 32 °C to about 39 °C, and with a
rotary agitation of about 130 revolutions per minute (RPM) to about 150 RPM, and at a reactor
angle of about 25 degrees to about 90 degrees; and

after about the first 48 to 96 hours of the period of time, continuously or periodically
removing a first volume of the first liquid culture medium and adding to the first liquid culture
medium a second volume of a second liquid culture medium, wherein the first and second
volumes are about equal;

detecting the recombinant protein in the adherent mammalian cell or in the first and/or
second culture medium;

comparing the amount of recombinant protein present in the adherent mammalian cell or
in the first and/or second culture medium to a reference level of recombinant protein produced
by a different method that uses one or more of a different first or second liquid culture medium, a
different raw ingredient or supplement present in the first or second liquid culture medium, or a
different source of an adherent mammalian cell; and

identifying the first or second liquid culture medium, the raw ingredient or supplement
present in the first or second liquid culture medium, or the source of the adherent mammalian
cell that is associated with an increased amount of recombinant protein as compared to the

reference level as being efficacious for use in a method of producing a recombinant protein.
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109. The method of claim 108, wherein the shake tube is incubated at a reactor angle of

about 25 degrees to about 60 degrees from horizontal.

110. The method of claim 108 or 109, wherein a viable mammalian cell concentration in
the first and/or second liquid culture medium of greater than 2 x 10° cells/mL is achieved at some

point during the period of time.

111. A method of optimizing a manufacturing process of producing a recombinant
protein, the method comprising:

providing a shake tube containing an adherent mammalian cell disposed in a first liquid
culture medium, wherein the first liquid culture medium occupies about 10% to about 30% of the
volume of the shake tube and contains a plurality of microcarriers at a concentration of about 1.0
g/L to about 15.0 g/L;

incubating the shake tube for a period of time at about 32 °C to about 39 °C, with a rotary
agitation of about 130 revolutions per minute (RPM) to about 150 RPM, and at a reactor angle of
about 25 degrees to about 90 degrees; and

after about the first 48 to 96 hours of the period of time, continuously or periodically
removing a first volume of the first liquid culture medium and adding to the first liquid culture
medium a second volume of a second liquid culture medium, wherein the first and second
volumes are about equal;

detecting the recombinant protein in the adherent mammalian cell or in the first and/or
second culture medium;

comparing the amount of recombinant protein present in the adherent mammalian cell or
in the first and/or second culture medium to a reference level of recombinant protein produced
by a different method; and

identifying and removing or altering in a manufacturing process any culture components
or parameters that are associated with a decrease in the amount of recombinant protein produced
as compared to the reference level, or identifying and adding to a manufacturing process any
culture components or parameters that are associated with an increase in the amount of

recombinant protein produced as compared to the reference level.
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112. The method of claim 111, wherein the shake tube is incubated at a reactor angle of

about 25 degrees to about 60 degrees from horizontal.

113. The method of claim 111 or 112, wherein a viable cell concentration in the first
and/or second liquid culture medium of greater than 2 x 10° cells/mL is achieved at some point

during the period of time.

114. A method of testing for the presence of a contaminant in a first or second liquid
culture medium, a raw material used to generate a first or second liquid culture medium, or a
source of an adherent mammalian cell, the method comprising:

providing a shake tube containing an adherent mammalian cell disposed in a first liquid
culture medium, wherein the first liquid culture medium occupies about 10% to about 30% of the
volume of the shake tube and contains a plurality of microcarriers at a concentration of about 1.0
g/L to about 15.0 g/L;

incubating the shake tube for a period of time at about 32 °C to about 39 °C, with a rotary
agitation of about 130 revolutions per minute (RPM) to about 150 RPM, and at a reactor angle of
about 25 degrees to about 90 degrees; and

after about the first 48 to 96 hours of the period of time, continuously or periodically
removing a first volume of the first liquid culture medium and adding to the first liquid culture
medium a second volume of a second liquid culture medium, wherein the first and second
volumes are about equal;

detecting the recombinant protein in the adherent mammalian cell or in the first and/or
second culture medium;

comparing the amount of recombinant protein present in the adherent mammalian cell or
in the first and/or second culture medium to a reference level of recombinant protein produced
by a different method that uses one or more of a different first or second liquid culture medium, a
different raw material to generate the first or second liquid culture medium, or a different source
of the adherent mammalian cell; and

identifying the first or second liquid culture medium, the raw material used to generate the
first or second liquid culture medium, or the source of adherent mammalian cell as containing a

contaminant when the level of recombinant protein produced is less than the reference level.
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115. The method of claim 114, wherein the contaminant is a biological contaminant.

116. The method of claim 115, wherein the biological contaminant is selected from the
group consisting of: mycobacterium, a fungus, a bacterium, a virus, and an undesired

mammalian cell.

117. The method of claim 114, wherein the shake tube is incubated at a reactor angle of

about 25 degrees to about 60 degrees from horizontal.
118. The method of any one of claims 114-117, wherein a viable cell concentration in the

first and/or second liquid culture medium of greater than 2 x 10° cells/mL is achieved at some

point during the period of time.
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