WHAT ISCLAIMED IS:

1. Anintegrated and continuous process for manufacturing a therapeutic
otein drug substance, the process comprising:
(1) providing aliquid culture medium comprising a recombinant therapeutic
protein\that is substantially free of cells, wherein the liquid culture medium is fed into
afirst muN;-column chromatography system (MCCS1);
(i) cayturing said recombinant therapeutic protein in the liquid culture

MCCS2, wherein the eluatefrom the MCCS2 is a therapeutic protein drug substance;
and
wherein the processis inteyrated and runs continuously from said liquid
culture medium to the eluate from the\M CCS2 that is the therapeutic protein drug
substance.

2. The process of claim 1, wherein thejquid culture medium is selected from
the group consisting of: liquid culture medium rexpoved from a perfusion bioreactor
containing a culture of mammalian cells that secretethe recombinant therapeutic
protein, liquid culture medium removed from a fed-batsh bioreactor containing a
culture of mammalian cells that secrete the recombinant therapeutic protein, and a
clarified liquid culture medium from a culture of bacteria or cellsthat secrete the

recombinant therapeutic protein.

3. The process of claim 1, wherein the MCCS1 and/or the MCKS2 performs at

least two different unit operations.

4. The process of claim 1, wherein the use of the MCCSL1 or the MCC

both, involves column switching.

5. The process of claim 3, wherein the MCCSL performs the unit operations of

capturing the recombinant therapeutic protein and inactivating viruses.
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6. The process of claim 3, wherein the MCCS2 performs the unit operations of

purifying and polishing the recombinant therapeutic protein.

7. The process of claim 1, wherein the MCCSL and/or the MCCS2 ultilizes at
I two chromatography columns.

8. he process of claim 1, wherein the MCCS1 and/or the MCCS2 ultilizes at

9. Thepro of claim 1, wherein the MCCS1 and/or the MCCS2 utilizes at
least one chromatograghy column and at |east one chromatographic membrane.

10. The process of chkaim 2, wherein the liquid culture medium isliquid culture
medium removed from a perfusion bioreactor containing a culture of mammalian cells

that secrete the recombinant therageutic protein.

11. The process of claim 1, whexein the MCCSL is afirst periodic counter

current chromatography system (PCCS1).

12. The process of claim 11, where the PCCS1 comprises a four-column
PCCS.

13. The process of claim 12, wherein three of theour columns in the four-
column PCCS perform the unit operation of capturing the recombinant therapeutic

protein from the liquid culture medium.

14. The process of claim 13, wherein the capturing is perfor using affinity
chromatography, cation exchange chromatography, anion exchange chrgmatography,

or molecular sieve chromatography.

15. The process of claim 14, wherein the affinity chromatography is
performed with a capture mechanism selected from the group consisting of: protei
A-binding capture mechanism, substrate-binding capture mechanism, antibody- or
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antibody fragment-binding capture mechanism, aptamer-binding capture mechanism,

and cofactor-binding capture mechanism.

16. The process of claim 15, wherein the affinity chromatography is
perfeymed with a protein-A binding capture mechanism, and the recombinant

therapentic protein is an antibody or an antibody fragment.

17. TRe process of claim 13, wherein the eluate containing the recombinant
therapeutic prots{n from the three of the four columnsin the four-column PCCSis
fed into the fourth splumn of the four-column PCCS.

18. The process of claim 17, wherein the fourth column of the four-column
PCCS performs the unit opexation of inactivating viruses by holding the eluate
containing recombinant therap&ytic protein at alow pH for vira inactivation.

19. The process of claim 18, Wherein the fourth column of the four-column
PCCS holds the eluate containing the recombinant therapeutic protein at alow pH for

viral inactivation for a period of about 10 Pqinutes to about 1.5 hours.

20. The process of claim 18, wherein the\VICCS2 is a second periodic counter
current (PCCS2) chromatography system.

21. The process of claim 20, further comprising as|justing the pH of the eluate
from the fourth column of the four-column PCCS using an In-line buffer adjustment
reservoir before the eluate from the fourth column of the four-cglumn PCCSiis fed
into the PCCS2.

22. The process of claim 21, where the PCCS2 chromatography gystem

comprises a three chromatography columns and a chromatographic membrane.

23. The process of claim 22, wherein the three chromatography columns¥a the
PCCS2 perform the unit operation of purifying the recombinant therapeutic protein

from the eluate of the PCCSL through cation or anion exchange chromatography.
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24. The process of claim 23, wherein the eluate from the three
chromatography columns in the PCCS2 is fed into the chromatographic membrane in
the PCCS2.

25. The process of claim 24, wherein the chromatographic membranein the
PCCS2\performs the unit function of polishing the recombinant therapeutic protein
present inthe eluate from the three chromatography columns in the PCCS2 through
cation or aniog exchange chromatography.

26. The progess of claim 25, wherein the chromatographic membranein the
PCCS2 performs the tit function of polishing through cation exchange
chromatography.

27. The process of clairg 26, wherein the flow through and wash of the
chromatographic membrane is thextherapeutic protein drug substance.

28. The process of claim 1, further comprising formulating the therapeutic

protein drug substance into a pharmaceuticgl composition.

29. The process of claim 1, wherein the Pecombinant therapeutic protein is an
antibody or antibody fragment, an enzyme, an engiReered protein, or an immunogenic

protein or protein fragment.

30. The process of claim 23, further comprising adjsting theionic
concentration of the eluate from the three columns in the PCCSR using in-line buffer
adjustment before the eluate from the three columns in the PCCS2\s fed into the
chromatographic membrane in the PCCS2.

31. The process of claim 20, further comprising the use of a break tank
between the PCCS1 and the PCCS2.

32. The process of claim 20, further comprising filtering the eluate from the
PCCSL beforeit isfed into the PCCS2.
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33. The process of claim 1, further comprising filtering the liquid culture
medium beforeit isfed into the MCCS1.

34. Anintegrated and continuous process for manufacturing a therapeutic
protein drug substance comprising:

{) culturing mammalian cells that secrete a recombinant therapeutic proteinin
a perfusion\bioreactor that contains aliquid culture medium, wherein a volume of the
liquid cultureXpedium that is substantially free of cellsis continuously or periodically
removed from the perfusion bioreactor and fed into afirst multi-column
chromatography system (MCCS1);

(i) capturing sakd recombinant therapeutic protein in the removed liquid
culture medium using theWICCS1, wherein the eluate of the MCCS1 containing the
recombinant therapeutic prot&n is continuously fed into a second multi-column
chromatography system (MCCSR); and

(iii) purifying and polishing\the therapeutic recombinant protein in the eluate
of the MCCS1 using the MCCS2, whexein the eluate from the MCCS2 is a therapeutic
protein drug substance;

wherein the processis integrated and\yuns continuously from said removed
liquid culture medium to the eluate from the MKCS2 that is the therapeutic protein

drug substance.

35. The process of claim 34, wherein the MCCSY, and/or the MCCS2 performs
at least two different unit operations.

36. The process of claim 34, wherein the use of the MCCS§L1 or the MCCS2, or

both, involves column switching.

37. The process of claim 35, wherein the MCCS1 performs the uni operations

of capturing the recombinant therapeutic protein and inactivating viruses.

38. The process of claim 35, wherein the MCCS2 performs the unit operatins

of purifying and polishing the recombinant therapeutic protein.
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39. The process of claim 34, wherein the MCCS1 and/or the MCCS2 ultilizes
at least two chromatography columns.

40. The process of claim 34, wherein the MCCS1 and/or the MCCS2 ultilizes
at | two chromatographic membranes.

4I\The process of claim 34, wherein the MCCS1 and/or the MCCS2 utilizes

at least one chromatography column and at |east one chromatographic membrane.

42. The progess of claim 34, wherein the MCCSL is afirst periodic counter
current chromatograpky system (PCCS1).

43. The process of clgim 42, where the PCCS1 comprises a four-column
PCCS.

44. The process of claim 43,\wherein three of the four columnsin the four-
column PCCS perform the unit operatiog of capturing the recombinant therapeutic

protein from the liquid culture medium.

45. The process of claim 44, wherein thecapturing is performed using affinity
chromatography, cation exchange chromatography\anion exchange chromatography,
or molecular sieve chromatography.

46. The process of claim 45, wherein the affinity chigmatography is
performed with a capture mechanism selected from the group ¢onsisting of : protein
A-binding capture mechanism, substrate-binding capture mechanism, antibody- or
antibody fragment-binding capture mechanism, aptamer-binding captyre mechanism,

and cofactor-binding capture mechanism.

47. The process of claim 46, wherein the affinity chromatography is
performed with a protein-A binding capture mechanism, and the recombinant
therapeutic protein is an antibody or an antibody fragment.
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48. The process of claim 44, wherein the el uate containing the recombinant
therapeutic protein from the three of the four columnsin the four-column PCCSis

fed into the fourth column of the four-column PCCS.

49. The process of claim 48, wherein the fourth column of the four-column
PCCS performs the unit operation of inactivating viruses by holding the eluate

contai ning\recombinant therapeutic protein at alow pH for vira inactivation.

50. The yocess of claim 49, wherein the fourth column of the four-column
PCCS holds the el bdgte containing the recombinant therapeutic protein at alow pH for

viral inactivation for aperiod of about 10 minutes to about 1.5 hours.

51. The process of chaim 49, wherein the MCCS2 is a second periodic counter

52. The process of claim 51, Yurther comprising adjusting the pH of the eluate
from the fourth column of the four-coluquan PCCS using an in-line buffer adjustment
reservoir before the eluate from the fourthsolumn of the four-column PCCSisfed
into the PCCS2.

53. The process of claim 52, where the PCCS2 chromatography system

comprises a three chromatography columns and a chrognatographic membrane.

54. The process of claim 53, wherein the three chromatography columnsin the
PCCS2 perform the unit operation of purifying the recombinanitherapeutic protein
from the eluate of the PCCSL1 through cation or anion exchange chxomatography.

55. The process of claim 54, wherein the eluate from the three
chromatography columns in the PCCS2 is fed into the chromatographic meqbrane in
the PCCS2.

56. The process of claim 55, wherein the chromatographic membrane in the

PCCS2 performs the unit function of polishing the recombinant therapeutic protein

-116 -



jehanna.huerto
Line


present in the eluate from the three chromatography columns in the PCCS2 through

cation or anion exchange chromatography.

57. The process of claim 56, wherein the chromatographic membranein the
PCCS2 performs the unit function of polishing through cation exchange

chromatpgraphy.

58. TRe process of claim 57, wherein the flow through and wash of the

chromatographis, membrane is the therapeutic protein drug substance.

59. The process of claim 34, further comprising formulating the therapeutic

protein drug substance into a pharmaceutical composition.

60. The process of claiNy 34, wherein the recombinant therapeutic protein is an
antibody or antibody fragment, annenzyme, an engineered protein, or an immunogenic
protein or protein fragment.

61. The process of claim 54, furthex comprising adjusting theionic
concentration of the eluate from the three colymns in the PCCS2 using in-line buffer
adjustment before the eluate from the three coluns in the PCCS2 is fed into the
chromatographic membrane in the PCCS2.

62. The process of claim 51, further comprising the use of abreak tank
between the PCCS1 and the PCCS2.

63. The process of claim 51, further comprising filtering the eluate from the
PCCSL1 beforeit isfed into the PCCS2.

64. The process of claim 34, further comprising filtering the liquid gulture
medium beforeit isfed into the MCCS1.

65. A biological manufacturing system, comprising:
afirst multi-column chromatography system (MCCS) comprising an inlet; and
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a second MCCS comprising an outlet, wherein the first and second MCCSs
are in fluid communication with each other, and wherein the manufacturing systemis
configured such that fluid is passed into the inlet, through the first and second

CSs, and exits the manufacturing system through the outlet.

6. The system of claim 65, further comprising a bioreactor, wherein the

67. The system\of claim 65, wherein the first MCCS or the second MCCS, or
both, is/are configured to perform at least two separate unit operations.

68. The system of claim}5, wherein the use of the MCCS1 or the MCCS2, or

both, involves column switching.

69. The system of claim 67, whergin the first MCCS is configured to perform
the unit operations of capturing the recombilant therapeutic protein and inactivating

Viruses.

70. The system of claim 67, wherein the second MCCS is configured to
perform the unit operations of purifying and polishing the recombinant therapeutic

protein.

71. The system of claim 65, wherein the first MCCS or thg second MCCS, or
both, contain(s) at least two chromatography columns.

72. The system of claim 65, wherein the first MCCS or the second\VICCS, or

both, contain(s) at least two chromatographic membranes.
73. The system of claim 65, wherein the first MCCS or the second MCCS,
both, contain(s) at least one chromatography column and at least one chromatographic

membrane.
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74. The system of claim 65, wherein the first MCCS is afirst periodic counter
current chromatography system (PCCS1).

75. The system of claim 74, wherein the PCCS1 comprises afour-column

76.N he system of claim 75, wherein three of the four columnsin the four-
column PCCS\are capable of capturing the recombinant therapeutic protein from the

liquid culture megium.

77. The system\of claim 76, wherein the three of the four columnsin the four-
column PCCS include one\or more of an affinity chromatography column, a cationic
chromatography column, an &gionic chromatography column, and a molecular sieve

chromatography column.

78. The system of claim 77, wherein the three of the four columnsin the four-
column PCCS include one or more of an'sffinity chromatography column utilizing a
capture mechanism selected from the group xonsisting of: protein A-binding capture
mechanism, substrate-binding capture mechanism, antibody- or antibody fragment-
binding capture mechanism, aptamer-binding capt\re mechanism, and cofactor-

binding capture mechanism.

79. The system of claim 76, wherein the fourth coluxan of the four-column
PCCSisareservoir or acolumn that is capable of holding eluate from the three of the
four columns of the four-column PCCS containing the recombinaxt therapeutic

protein at low pH for vira inactivation.

80. The system of claim 79, wherein the fourth column of the four-solumn
PCCSis capable of holding the eluate containing recombinant therapeutic protein
from the three of the four columns of the four-column PCCS at low pH for viral

inactivation for a period of about 10 minutes to about 1.5 hours.
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81. The system of claim 79, wherein the second MCCS is a second periodic

counter current chromatography system (PCCS2).

82. The system of claim 65, further comprising a fluid conduit disposed
bet the first MCCS and the second MCCS.

83.\J he system of claim 82, further comprising an in-line buffer adjustment
reservoir in flyd communication with the fluid conduit disposed between the first
MCCS and the sscond MCCS, and configured such that buffer contained within the
in-line buffer adjustxpent reservoir is introduced into the fluid present in the fluid
conduit disposed between the first MCCS and the second MCCS.

84. The system of claxn 82, further comprising afilter disposed in the fluid
conduit between the first MCCS\and the second MCCS, and configured such that the
filter is capable of removing partictyate matter from the fluid present in the fluid
conduit between the first MCCS and tke second MCCS.

85. The system of claim 81, whereinthe PCCS2 comprises three

chromatography columns and a chromatographic membrane.

86. The system of claim 85, further comprising a fluid conduit disposed
between the three chromatography columns in the PCCSR and the chromatographic
membrane in the PCCS2.

87. The system of claim 86, further comprising an in-lineRuffer adjustment
reservoir in fluid communication with the fluid conduit disposed betWeen the three
chromatography columns in the PCCS2 and the chromatographic membgane in the
PCCS2, and configured such that buffer contained within the in-line buff justment
reservoir isintroduced into the fluid present in the fluid conduit disposed bet
three chromatography columnsin the PCCS2 and the chromatographic membr
the PCCS2.
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88. The system of claim 85, wherein the three chromatography columnsin the
PCCS2 are capable of purifying the recombinant therapeutic protein through a cation

or anion exchange chromatography.

89. The system of claim 85, wherein the chromatographic membrane in the

PCCS2\s an cation exchange chromatographic membrane.

90. The system of claim 85, further comprising a fluid conduit between the
chromatographic\nembrane in the PCCS2 and the outlet.

91. The system\Qf claim 90, further comprising afilter disposed in the fluid
conduit between the chrorqatographic membrane in the PCCS2 and the outlet, and
configured such that the filteNis capable of removing particulate matter from the fluid
present in the fluid conduit bet the chromatographic membrane in the PCCS2
and the outlet.

92. The system of claim 65, furth& comprising a pump system that isin fluid

communication with the inlet.

93. The system of claim 92, wherein the poxnp system comprises a pump that
is capable of pushing the fluid into the inlet.

94. The system of claim 92, further comprising a fliid conduit disposed
between the pump and the inlet.

95. The system of claim 94, further comprising afilter disposed in the fluid
conduit between the pump and the inlet, and configured such that the fiker is capable
of removing particulate matter from the fluid present in the fluid conduit bsfween the

pump and the inlet.
96. The system of claim 94, further comprising a break tank disposed in the
fluid conduit between the pump and the inlet that is configured such that the break

tank isin fluid communication with the fluid conduit between the pump and the inlet,
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and is capable of storing any fluid present in the fluid conduit that is not able to enter
theinlet.

97. The system of claim 65, wherein the first MCCS and the second MCCS
are disposed on a skid.

98.\J he system of claim 97, wherein the skid comprises one or more structures

that enable myement.

99. The systsm of claim 65, wherein the first MCCS is disposed on afirst skid.

100. The system okclaim 99, wherein the second MCCS is disposed on a
second skid.

101. The system of claim 180, wherein the first and second skids each
comprise one or more structures that eqable movement.

102. The system of claim 65, wherely the entire system is disposed on a skid.

103. The system of claim 102, wherein the\gkid comprises one or more

structures that enable movement.

104. The system of claim 66, wherein the entire sy: is disposed on askid.

105. The system of claim 104, wherein the skid comprises\one or more

structures that enable movement.

106. The system of claim 65, wherein the system does not includeq break

tank.

107. A biologica manufacturing system, comprising two or more subsyst
wherein the two or more subsystems each comprise:
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(i) afirst multi-column chromatography system (MCCS) comprising an inlet;

and
(if) asecond MCCS comprising an outlet, wherein the first and second

CSs arein fluid communication with each other, and wherein the manufacturing
is configured such that fluid can be passed into the inlet, through the first and
second NICCS, and exit the manufacturing system through the outlet;

whegein the two or more subsystems are configured such that they are each in
fluid communication with a single reservoir containing afluid, and the fluid from the

single reservoir into the inlet of the two or more subsystems.

109. The system of claimy 108, wherein the skid comprises one or more
structures that enable movement.

110. The system of claim 107, wherein the entire system is disposed on a skid.

111. The system of claim 110, whereinhe skid comprises one or more
structures that enable movement.
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WHAT IS CLAIMED IS:

1. An integrated and continuous process for manufacturing a therapeutic protein drug
substance, the process comprising:

(i) providing a liquid culture medium comprising a recombinant therapeutic protein that
is substantially free of cells, wherein the liquid culture medium is fed into a first periodic counter
current chromatography system (PCCS1);

(i) capturing said recombinant therapeutic protein in the liquid culture medium using the
PCCS1, wherein the eluate of the PCCS1 containing the recombinant therapeutic protein is
continuously fed into a second periodic counter current chromatography system (PCCS2) ; and

(iii) purifying and polishing the recombinant therapeutic protein using the PCCS2,
wherein the purifying is performed using a resin in the PCCS2 that is different from the resin in
the PCCS2 used to perform the polishing, and the eluate from the PCCS2 is a therapeutic protein
drug substance; and

wherein the process is integrated and runs continuously from said liquid culture medium

to the eluate from the PCCS2 that is the therapeutic protein drug substance.

2. The process of claim 1, wherein the liquid culture medium is selected from the group
consisting of: liquid culture medium removed from a perfusion bioreactor containing a culture of
mammalian cells that secrete the recombinant therapeutic protein, liquid culture medium
removed from a fed-batch bioreactor containing a culture of mammalian cells that secrete the
recombinant therapeutic protein, and a clarified liquid culture medium from a culture of bacteria

or yeast cells that secrete the recombinant therapeutic protein.

3. The process of claim 1, wherein the PCCS1 performs at least two different unit

operations.

4. The process of claim 1, wherein the use of the PCCS1 or the PCCS2, or both, involves

column switching.

5. The process of claim 3, wherein the PCCS1 performs the unit operations of capturing

the recombinant therapeutic protein and inactivating viruses.
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6. The process of claim 1, wherein the PCCS1 and/or the PCCS2 ultilizes at least two
chromatography columns.

7. The process of claim 1, wherein the PCCS1 and/or the PCCS2 ultilizes at least two

chromatographic membranes.

8. The process of claim 1, wherein the PCCS1 and/or the PCCS2 utilizes at least one
chromatography column and at least one chromatographic membrane.

9. The process of claim 2, wherein the liquid culture medium is liquid culture medium
removed from a perfusion bioreactor containing a culture of mammalian cells that secrete the

recombinant therapeutic protein.

10. The process of claim 1, where the PCCS1 comprises a four-column PCCS.

11. The process of claim 10, wherein three of the four columns in the four-column PCCS
perform the unit operation of capturing the recombinant therapeutic protein from the liquid

culture medium.

12. The process of claim 11, wherein the capturing is performed using affinity
chromatography, cation exchange chromatography, anion exchange chromatography, or

molecular sieve chromatography.

13. The process of claim 12, wherein the affinity chromatography is performed with a
capture mechanism selected from the group consisting of: protein A-binding capture mechanism,
substrate-binding capture mechanism, antibody- or antibody fragment-binding capture

mechanism, aptamer-binding capture mechanism, and cofactor-binding capture mechanism.
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14. The process of claim 13, wherein the affinity chromatography is performed with a
protein-A binding capture mechanism, and the recombinant therapeutic protein is an antibody or

an antibody fragment.

15. The process of claim 11, wherein the eluate containing the recombinant therapeutic
protein from the three of the four columns in the four-column PCCS is fed into the fourth column
of the four-column PCCS.

16. The process of claim 15, wherein the fourth column of the four-column PCCS1
performs the unit operation of inactivating viruses by holding the eluate containing recombinant

therapeutic protein at a low pH for viral inactivation.

17. The process of claim 16, wherein the fourth column of the four-column PCCS holds
the eluate containing the recombinant therapeutic protein at a low pH for viral inactivation for a
period of about 10 minutes to about 1.5 hours.

18. The process of claim 16, further comprising adjusting the pH of the eluate from the
fourth column of the four-column PCCS using an in-line buffer adjustment reservoir before the
eluate from the fourth column of the four-column PCCS is fed into the PCCS2.

19. The process of claim 18, where the PCCS2 chromatography system comprises a three

chromatography columns and a chromatographic membrane.

20. The process of claim 19, wherein the three chromatography columns in the PCCS2
perform the unit operation of purifying the recombinant therapeutic protein from the eluate of the
PCCS1 through cation or anion exchange chromatography.

21. The process of claim 20, wherein the eluate from the three chromatography columns
in the PCCS2 is fed into the chromatographic membrane in the PCCS2.

22. The process of claim 21, wherein the chromatographic membrane in the PCCS2
performs the unit function of polishing the recombinant therapeutic protein present in the eluate
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from the three chromatography columns in the PCCS2 through cation or anion exchange

chromatography.

23. The process of claim 22, wherein the chromatographic membrane in the PCCS2
performs the unit function of polishing through cation exchange chromatography.

24. The process of claim 23, wherein the flow through and wash of the chromatographic

membrane is the therapeutic protein drug substance.

25. The process of claim 1, further comprising formulating the therapeutic protein drug

substance into a pharmaceutical composition.

26. The process of claim 1, wherein the recombinant therapeutic protein is an antibody or
antibody fragment, an enzyme, an engineered protein, or an immunogenic protein or protein

fragment.

27. The process of claim 20, further comprising adjusting the ionic concentration of the
eluate from the three columns in the PCCS2 using in-line buffer adjustment before the eluate

from the three columns in the PCCS2 is fed into the chromatographic membrane in the PCCS2.

28. The process of claim 1, further comprising the use of a break tank between the
PCCS1 and the PCCS2.

29. The process of claim 1, further comprising filtering the eluate from the PCCS1 before
it is fed into the PCCS2.

30. The process of claim 1, further comprising filtering the liquid culture medium before
it is fed into the PCCS1.

31. An integrated and continuous process for manufacturing a therapeutic protein drug

substance comprising:
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(i) culturing mammalian cells that secrete a recombinant therapeutic protein in a
perfusion bioreactor that contains a liquid culture medium, wherein a volume of the liquid
culture medium that is substantially free of cells is continuously or periodically removed from
the perfusion bioreactor and fed into a first periodic counter current chromatography system
(PCCSY);

(ii) capturing said recombinant therapeutic protein in the removed liquid culture medium
using the PCCSL1, wherein the eluate of the PCCS1 containing the recombinant therapeutic
protein is continuously fed into a second periodic counter current chromatography system
(PCCS2); and

(iii) purifying and polishing the therapeutic recombinant protein using the PCCS2,
wherein the purifying is performed using a resin in the PCCS2 that is different from the resin in
the PCCS2 used to perform the polishing, and an eluate from the PCCS2 is the therapeutic
protein drug substance;

wherein the process is integrated and runs continuously from said removed liquid culture

medium to the eluate from the PCCS2 that is the therapeutic protein drug substance.

32. The process of claim 31, wherein the PCCS1 performs at least two different unit

operations.

33. The process of claim 31, wherein the use of the PCCS1 or the PCCS2, or both,

involves column switching.

34. The process of claim 32, wherein the PCCS1 performs the unit operations of

capturing the recombinant therapeutic protein and inactivating viruses.

35. The process of claim 31, wherein the PCCS1 and/or the PCCS2 utilizes at least two

chromatography columns.

36. The process of claim 31, wherein the PCCS1 and/or the PCCS2 utilizes at least two

chromatographic membranes.
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37. The process of claim 31, wherein the PCCS1 and/or the PCCS2 utilizes at least one

chromatography column and at least one chromatographic membrane.

38. The process of claim 31, where the PCCS1 comprises a four-column PCCS.

39. The process of claim 38, wherein three of the four columns in the four-column PCCS
perform the unit operation of capturing the recombinant therapeutic protein from the liquid

culture medium.

40. The process of claim 39, wherein the capturing is performed using affinity
chromatography, cation exchange chromatography, anion exchange chromatography, or

molecular sieve chromatography.

41. The process of claim 40, wherein the affinity chromatography is performed with a
capture mechanism selected from the group consisting of: protein A-binding capture mechanism,
substrate-binding capture mechanism, antibody- or antibody fragment-binding capture

mechanism, aptamer-binding capture mechanism, and cofactor-binding capture mechanism.

42. The process of claim 41, wherein the affinity chromatography is performed with a
protein-A binding capture mechanism, and the recombinant therapeutic protein is an antibody or
an antibody fragment.

43. The process of claim 39, wherein the eluate containing the recombinant therapeutic
protein from the three of the four columns in the four-column PCCS is fed into the fourth column
of the four-column PCCS.

44. The process of claim 43, wherein the fourth column of the four-column PCCS
performs the unit operation of inactivating viruses by holding the eluate containing recombinant

therapeutic protein at a low pH for viral inactivation.
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45. The process of claim 44, wherein the fourth column of the four-column PCCS holds
the eluate containing the recombinant therapeutic protein at a low pH for viral inactivation for a

period of about 10 minutes to about 1.5 hours.

46. The process of claim 44, further comprising adjusting the pH of the eluate from the
fourth column of the four-column PCCS using an in-line buffer adjustment reservoir before the
eluate from the fourth column of the four-column PCCS is fed into the PCCS2.

47. The process of claim 46, where the PCCS2 chromatography system comprises a three
chromatography columns and a chromatographic membrane.

48. The process of claim 47, wherein the three chromatography columns in the PCCS2
perform the unit operation of purifying the recombinant therapeutic protein from the eluate of the

PCCSL1 through cation or anion exchange chromatography.

49. The process of claim 48, wherein the eluate from the three chromatography columns
in the PCCS2 is fed into the chromatographic membrane in the PCCS2.

50. The process of claim 49, wherein the chromatographic membrane in the PCCS2
performs the unit function of polishing the recombinant therapeutic protein present in the eluate
from the three chromatography columns in the PCCS2 through cation or anion exchange

chromatography.

51. The process of claim 50, wherein the chromatographic membrane in the PCCS2

performs the unit function of polishing through cation exchange chromatography.

52. The process of claim 51, wherein the flow through and wash of the chromatographic

membrane is the therapeutic protein drug substance.

53. The process of claim 31, further comprising formulating the therapeutic protein drug

substance into a pharmaceutical composition.
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54. The process of claim 31, wherein the recombinant therapeutic protein is an antibody
or antibody fragment, an enzyme, an engineered protein, or an immunogenic protein or protein

fragment.

55. The process of claim 48, further comprising adjusting the ionic concentration of the
eluate from the three columns in the PCCS2 using in-line buffer adjustment before the eluate

from the three columns in the PCCS2 is fed into the chromatographic membrane in the PCCS2.

56. The process of claim 31, further comprising the use of a break tank between the
PCCS1 and the PCCS2.

57. The process of claim 31, further comprising filtering the eluate from the PCCS1
before it is fed into the PCCS2.

58. The process of claim 31, further comprising filtering the liquid culture medium before
it is fed into the PCCS1.

59. A biological manufacturing system, comprising:

a first periodic counter current chromatography system (PCCS1) comprising an inlet; and

a second periodic counter current chromatography system (PCCS2) comprising an outlet,
wherein the PCCS1 and the PCCS2 are in fluid communication with each other, and wherein the
manufacturing system is configured such that fluid is passed into the inlet, through the PCCS1
and the PCCS2, and exits the manufacturing system through the outlet;

the PCCS2 is configured to perform at least the unit of operations of purifying and
polishing the recombinant therapeutic protein, wherein the purifying is performed using a resin
in the PCCS2 that is different form the resin in the PCCS2 used to perform the polishing.

60. The system of claim 59, further comprising a bioreactor, wherein the bioreactor and
the inlet are in fluid communication with each other, and wherein the manufacturing system is

configured such that fluid present in the bioreactor can be passed into the inlet.

61. The system of claim 59, wherein the PCCSL1 is configured to perform at least two

separate unit operations.
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62. The system of claim 59, wherein the use of the PCCS1 or the PCCS2, or both,

involves column switching.

63. The system of claim 61, wherein the PCCSL1 is configured to perform the unit

operations of capturing the recombinant therapeutic protein and inactivating viruses.

64. The system of claim 59, wherein the PCCS1 or the PCCS2, or both, contain at least

two chromatography columns.

65. The system of claim 59, wherein the PCCS1 or the PCCS2, or both, contain(s) at least

two chromatographic membranes.

66. The system of claim 59, wherein the PCCSL1 or the PCCS2, or both, contain(s) at least
one chromatography column and at least one chromatographic membrane.

67. The system of claim 59, wherein the PCCS1 comprises a four-column PCCS.

68. The system of claim 67, wherein three of the four columns in the four-column PCCS
are capable of capturing the recombinant therapeutic protein from the liquid culture medium.

69. The system of claim 68, wherein the three of the four columns in the four-column
PCCS include one or more of an affinity chromatography column, a cationic chromatography

column, an anionic chromatography column, and a molecular sieve chromatography column.

70. The system of claim 69, wherein the three of the four columns in the four-column
PCCS include one or more of an affinity chromatography column utilizing a capture mechanism
selected from the group consisting of: protein A-binding capture mechanism, substrate-binding
capture mechanism, antibody- or antibody fragment-binding capture mechanism, aptamer-

binding capture mechanism, and cofactor-binding capture mechanism.
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71. The system of claim 68, wherein the fourth column of the four-column PCCS is a
reservoir or a column that is capable of holding eluate from the three of the four columns of the
four-column PCCS containing the recombinant therapeutic protein at low pH for viral

inactivation.

72. The system of claim 71, wherein the fourth column of the four-column PCCS is
capable of holding the eluate containing recombinant therapeutic protein from the three of the
four columns of the four-column PCCS at low pH for viral inactivation for a period of about 10

minutes to about 1.5 hours.

73. The system of claim 59, further comprising a fluid conduit disposed between the
PCCS1 and the PCCS2.

74. The system of claim 73, further comprising an in-line buffer adjustment reservoir in
fluid communication with the fluid conduit disposed between the PCCS1 and the PCCS2, and
configured such that buffer contained within the in-line buffer adjustment reservoir is introduced
into the fluid present in the fluid conduit disposed between the PCCS1 and the PCCS2.

75. The system of claim 73, further comprising a filter disposed in the fluid conduit
between the PCCS1 and the PCCS2, and configured such that the filter is capable of removing
particulate matter from the fluid present in the fluid conduit between the PCCS1 and the PCCS2.

76. The system of claim 59, wherein the PCCS2 comprises three chromatography

columns and a chromatographic membrane.

77. The system of claim 76, further comprising a fluid conduit disposed between the three

chromatography columns in the PCCS2 and the chromatographic membrane in the PCCS2.

78. The system of claim 77, further comprising an in-line buffer adjustment reservoir in
fluid communication with the fluid conduit disposed between the three chromatography columns

in the PCCS2 and the chromatographic membrane in the PCCS2, and configured such that buffer
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contained within the in-line buffer adjustment reservoir is introduced into the fluid present in the
fluid conduit disposed between the three chromatography columns in the PCCS2 and the

chromatographic membrane in the PCCS2.

79. The system of claim 76, wherein the three chromatography columns in the PCCS2 are
capable of purifying the recombinant therapeutic protein through a cation or anion exchange

chromatography.

80. The system of claim 76, wherein the chromatographic membrane in the PCCS2 is a

cation exchange chromatographic membrane.

81. The system of claim 76, further comprising a fluid conduit between the

chromatographic membrane in the PCCS2 and the outlet.

82. The system of claim 81, further comprising a filter disposed in the fluid conduit
between the chromatographic membrane in the PCCS2 and the outlet, and configured such that
the filter is capable of removing particulate matter from the fluid present in the fluid conduit

between the chromatographic membrane in the PCCS2 and the outlet.

83. The system of claim 59, further comprising a pump system that is in fluid

communication with the inlet.

84. The system of claim 83, wherein the pump system comprises a pump that is capable
of pushing the fluid into the inlet.

85. The system of claim 83, further comprising a fluid conduit disposed between the

pump and the inlet.

86. The system of claim 85, further comprising a filter disposed in the fluid conduit
between the pump and the inlet, and configured such that the filter is capable of removing

particulate matter from the fluid present in the fluid conduit between the pump and the inlet.
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87. The system of claim 85, further comprising a break tank disposed in the fluid conduit
between the pump and the inlet that is configured such that the break tank is in fluid
communication with the fluid conduit between the pump and the inlet, and is capable of storing
any fluid present in the fluid conduit that is not able to enter the inlet.

88. The system of claim 59, wherein the PCCS1 and the PCCS2 are disposed on a skid.

89. The system of claim 88, wherein the skid comprises one or more structures that

enable movement.

90. The system of claim 59, wherein the PCCSL1 is disposed on a first skid.

91. The system of claim 90, wherein the PCCS2 is disposed on a second skid.

92. The system of claim 91, wherein the first and second skids each comprise one or

more structures that enable movement.

93. The system of claim 59, wherein the entire system is disposed on a skid.

94. The system of claim 93, wherein the skid comprises one or more structures that

enable movement.

95. The system of claim 60, wherein the entire system is disposed on a skid.

96. The system of claim 95, wherein the skid comprises one or more structures that

enable movement.

97. The system of claim 59, wherein the system does not include a break tank.
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98. A biological manufacturing system, comprising two or more subsystems, wherein the
two or more subsystems each comprise:

(1) a first periodic counter current chromatography system (PCCS1) comprising an inlet;
and

(i) a second periodic counter current chromatography system (PCCS2) comprising an
outlet, wherein the PCCS1 and the PCCS2 are in fluid communication with each other, and
wherein the manufacturing system is configured such that fluid can be passed into the inlet,
through the PCCS1 and the PCCS2, and exit the manufacturing system through the outlet;

wherein the two or more subsystems are configured such that they are each in fluid
communication with a single reservoir containing a fluid, and the fluid from the single reservoir
passes into the inlet of the two or more subsystems;

the PCCS2 in each of the two or more subsystems is configured to perform at least the
unit of operations of purifying and polishing the recombinant therapeutic protein, wherein in
each of the two or more subsystems the purifying is performed using a resin in the PCCS2 that is

different from the resin in the PCCS2 used to perform the polishing.

99. The system of claim 98, wherein each of the two or more subsystems is each disposed

on its own skid.

100. The system of claim 99, wherein the skid comprises one or more structures that

enable movement.

101. The system of claim 98, wherein the entire system is disposed on a skid.

102. The system of claim 101, wherein the skid comprises one or more structures that

enable movement.
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