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WHAT IS CLAIMED IS:

1. A method, comprising:

obtaining a vibrational spectrum of a solution in a biological manufacturing system;

analyzing the vibrational spectrum using a first chemometrics model to determine a
value of a first quality attribute associated with the solution;

analyzing the vibrational spectrum using a second chemometrics model to determine a
value of a second quality attribute associated with the solution; and

adjusting at least one parameter of a purification unit of the biological manufacturing

system based on at least one of the values of the first and second quality attributes.

2. The method of claim 1, further comprising using the biological manufacturing system
to produce at least one of a protein-based therapeutic substance, a nucleic acid-based drug

substance, and a gene therapy drug substance.

3. The method of claim 2, wherein the protein-based therapeutic substance comprises at

least one of a protein, a peptide, an antibody, and an enzyme.

4. The method of claim 2, wherein the nucleic acid-based drug substance comprises at
least one of DNA, a plasmid, an oligonucleotide, an aptamer, a DNAzyme, an RNA aptamer,

an RNA decoy, a microRNA fragment, and a small interfering RNA fragment.

5. The method of claim 1, wherein the first and second quality attributes are each
independently selected from the group consisting of product quality attributes, product-
related impurities, and process-related impurities, for a biological product produced by the

biological manufacturing system.

6. The method of claim 1, wherein obtaining the vibrational spectrum comprises
directing radiation to be incident on the solution and measuring attenuated totally reflected

radiation from the solution.

7. The method of claim 6, wherein the radiation is incident on the solution by passing
through a radiation window, and wherein the attenuated totally reflected radiation passes

through the radiation window before it is measured.
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8. The method of claim 7, further comprising measuring the attenuated totally reflected

radiation from the solution while the solution is flowing relative to the radiation window.

9. The method of claim 7, wherein the radiation window forms a portion of a flow cell.
10. The method of claim 6, wherein the incident radiation comprises infrared radiation.
11. The method of claim 1, wherein the first chemometrics model comprises a first set of

principal vibrational components correlated with the first quality attribute.

12. The method of claim 11, wherein the first chemometrics model comprises at least

three principal vibrational components.

13. The method of claim 11, wherein the first chemometrics model comprises at least five

principal vibrational components.

14.  The method of claim 11, wherein analyzing the vibrational spectrum using the first
chemometrics model comprises calculating the first quality attribute value based on the first

set of principal vibrational components.
15. The method of claim 14, wherein calculating the first quality attribute value
comprises determining the value as a linear function of the first set of principal vibrational

components.

16. The method of claim 11, wherein the second chemometrics model comprises a second

set of principal vibrational components correlated with the first quality attribute.

17. The method of claim 16, wherein the second chemometrics model comprises at least

three principal vibrational components.

18. The method of claim 16, wherein the second chemometrics model comprises at least

five principal vibrational components.
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19.  The method of claim 16, wherein the first and second sets of principal vibrational

components have no members in common.

20. The method of claim 16, wherein analyzing the vibrational spectrum using the second
chemometrics model comprises calculating the second quality attribute value based on the

second set of principal vibrational components.

21. The method of claim 20, wherein calculating the second quality attribute value
comprises determining the value as a linear function of the second set of principal vibrational

components.

22 The method of claim 1, wherein the solution comprises a solution discharged from a

purification unit of the biological manufacturing system.

23. The method of claim 22, further comprising purifying the solution in the purification

unit prior to obtaining the vibrational spectrum of the solution.

24, The method of claim 22, wherein the purification unit comprises a chromatography

column.

25. The method of claim 1, further comprising obtaining the vibrational spectrum by
measuring radiation from the solution as the solution flows between a first purification unit

and a second purification unit of the biological manufacturing system.

26. The method of claim 25, wherein the first and second purification units each comprise

a chromatography column.
217. The method of claim 1, further comprising obtaining the vibrational spectrum by
measuring radiation from the solution after the solution flows out of a final purification unit

of the biological manufacturing system.

28. The method of claim 1, wherein the solution is a first solution, the method further

comprising:
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obtaining a vibrational spectrum of a second solution in the biological manufacturing
system,

analyzing the vibrational spectrum of the second solution using the first chemometrics
model to determine a value of the first quality attribute for the second solution; and

analyzing the vibrational spectrum of the second solution using the second
chemometrics model to determine a value of the second quality attribute for the second

solution.

29. The method of claim 28, wherein the first solution flows between a first purification
unit and a second purification unit of the biological manufacturing system, and the second
solution flows between the second purification unit and a third purification unit of the

biological manufacturing system.

30. The method of claim 28, further comprising adjusting the at least one parameter based
on at least one of the first and second quality attribute values for the first solution, and the

first and second quality attribute values for the second solution.

31 The method of claim 6, further comprising obtaining the vibrational spectrum and
determining the first and second quality attribute values within a time period of 30 seconds or

less, starting from a time at which the radiation is incident on the solution.

32. The method of claim 31, wherein the time period is 10 seconds or less.

33. The method of claim 31, wherein the time period is 2 seconds or less.

34, The method of claim 1, further comprising repeating the steps of obtaining the
vibrational spectrum, analyzing the vibrational spectrum using the first chemometrics model,
and analyzing the vibrational spectrum using the second chemometrics model, to determine a
temporal sequence of first quality attribute values and second quality attribute values

associated with successive portions of the solution.

35. The method of claim 34, further comprising adjusting the at least one parameter based
on at least one of the temporal sequence of first quality attribute values and the temporal

sequence of second quality attribute values.
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36. The method of claim 16, further comprising:
obtaining a set of one or more calibration spectra representative of the solution; and
analyzing the set of calibration spectra to determine the first and second sets of

principal vibrational components.

37. The method of claim 36, wherein the first chemometrics model comprises a first set of
coefficients associated with the first set of principal vibrational components and the second
chemometrics model comprises a second set of coefficients associated with the second set of
principal vibrational components, the method further comprising determining the first and

second sets of coefficients based on a regression analysis.

38.  The method of claim 16, further comprising analyzing the vibrational spectrum using
a third chemometrics model to determine a value of a third quality attribute associated with

the solution.

39. The method of claim 38, wherein the third chemometrics model comprises a third set

of principal vibrational components correlated with the third quality attribute.

40. The method of claim 39, wherein the third chemometrics model comprises at least

three principal vibrational components.

41. The method of claim 39, wherein the third chemometrics model comprises at least

five principal vibrational components.

42. The method of claim 39, wherein analyzing the vibrational spectrum using the third
chemometrics model comprises calculating the third quality attribute value based on the third

set of principal vibrational components.
43, The method of claim 42, wherein calculating the third quality attribute value

comprises determining the value as a linear function of the third set of principal vibrational

components.

59



WO 2019/169303 PCT/US2019/020355

44, The method of claim 42, further comprising adjusting the at least one parameter
based on at least one of the first, second, and third quality attribute values.

45.  The method of claim 38, further comprising analyzing the vibrational spectrum using
a fourth chemometrics model to determine a value of a fourth quality attribute associated with

the solution.

46. The method of claim 45, wherein the fourth chemometrics model comprises a fourth

set of principal vibrational components correlated with the fourth quality attribute.

47. The method of claim 46, wherein the fourth chemometrics model comprises at least

three principal vibrational components.

48. The method of claim 46, wherein the fourth chemometrics model comprises at least

five principal vibrational components.

49, The method of claim 45, wherein analyzing the vibrational spectrum using the fourth
chemometrics model comprises calculating the value of the fourth quality attribute based on

the fourth set of principal vibrational components.

50. The method of claim 49, wherein calculating the value of the fourth quality attribute
comprises determining the value as a linear function of the fourth set of principal vibrational

components.

S1. The method of claim 45, further comprising adjusting the at least one parameter

based on at least one of the first, second, third, and fourth quality attribute values.

52. The method of claim 1, wherein at least one of the first and second quality attributes
is selected from the group consisting of concentration, aggregates, charge variant distribution,

purity, glycan profile, identity, and integrity.

53. The method of claim 1, wherein at least one of the first and second quality attributes
is selected from the group consisting of protein fragments, nucleic acid fragments, nucleic

acid variants, empty capsids, and vector impurities.
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54. The method of claim 1, wherein at least one of the first and second quality attributes
is selected from the group consisting of host cell proteins, residual host DNA, residual
column ligands, impurity concentration, impurity amount, residual helper virus, residual

helper viral proteins, and residual helper viral DNA.

55. A biological manufacturing system, comprising:
a bioreactor configured to produce a solution comprising a biological product;
a purification unit configured to receive the solution;
a radiation source configured to direct radiation to be incident on the solution;
a detection apparatus configured to measured radiation from the solution; and
a system controller connected to the bioreactor and the detection apparatus, and
configured to:
receive a measurement signal from the detection apparatus corresponding to
information about a vibrational spectrum of the solution;
analyze the information using a first chemometrics model to determine value
of a first quality attribute associated with the solution;
analyze the information using a second chemometrics model to determine a
value of a second quality attributed associated with the solution; and
adjust at least one parameter of the purification unit based on at least one of

the values of the first and second quality attributes.

56. The system of claim 55, further comprising a flow cell positioned so that the solution
passes through the flow cell, and the radiation source directs the radiation to be incident on

the solution while the solution is in the flow cell.
57. The system of claim 55, wherein the biological product comprises at least one of a
protein-based therapeutic substance, a nucleic acid-based drug substance, and a gene therapy

drug substance.

58. The system of claim 57, wherein the protein-based therapeutic substance comprises at

least one of a protein, a peptide, an antibody, and an enzyme.
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59. The system of claim 57, wherein the nucleic acid-based drug substance comprises at
least one of DNA, a plasmid, an oligonucleotide, an aptamer, a DNAzyme, an RNA aptamer,

an RNA decoy, a microRNA fragment, and a small interfering RNA fragment.

60. The system of claim 55, wherein the first and second quality attributes are each
independently selected from the group consisting of product quality attributes, product-
related impurities, and process-related impurities, for a biological product produced by the

biological manufacturing system.

61. The system of claim 56, wherein the detector comprises a total internal reflection

sensor configured to measure attenuated totally reflected radiation from the solution.

62.  The system of claim 61, wherein the total internal reflection sensor is integrated with

a portion of the flow cell.

63. The system of claim 61, wherein the controller and detection apparatus are configured
to measure the attenuated totally reflected radiation from the solution while the solution is
flowing within the flow cell.

64.  The system of claim 61, wherein the incident radiation comprises infrared radiation.

65.  The system of claim 55, wherein the first chemometrics model comprises a first set of

principal vibrational components correlated with the first quality attribute.

66.  The system of claim 65, wherein the first chemometrics model comprises at least

three principal vibrational components.

67.  The system of claim 65, wherein the first chemometrics model comprises at least five

principal vibrational components.
68. The system of claim 65, wherein the controller is configured to analyze the vibrational

spectrum using the first chemometrics model by calculating the first quality attribute value

based on the first set of principal vibrational components.
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69.  The system of claim 68, wherein the controller is configured to calculate the first

quality attribute value as a linear function of the first set of principal vibrational components.

70.  The system of claim 65, wherein the second chemometrics model comprises a second

set of principal vibrational components correlated with the first quality attribute.

71. The system of claim 70, wherein the second chemometrics model comprises at least

three principal vibrational components.

72.  The system of claim 70, wherein the second chemometrics model comprises at least

five principal vibrational components.

73.  The system of claim 70, wherein the first and second sets of principal vibrational

components have no members in common.

74.  The system of claim 70, wherein the controller is configured to analyze the vibrational
spectrum using the second chemometrics model by calculating the second quality attribute

value based on the second set of principal vibrational components.

75.  The system of claim 74, wherein the controller is configured to calculate the second
quality attribute value as a linear function of the second set of principal vibrational

components.

76. The system of claim 55, wherein the solution comprises a solution discharged from

the purification unit.
77.  The system of claim 76, wherein the controller is connected to the purification unit
and configured to purify the solution in the purification unit prior to obtaining the information

about the vibrational spectrum of the solution.

78. The system of claim 55, wherein the purification unit comprises a chromatography

column.
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79.  The system of claim 55, wherein the purification unit is a first purification unit of the
system, and the system further comprises:

a second purification unit configured to receive the solution,

wherein the detection apparatus is positioned to measure radiation from the solution

as the solution flows between the first purification unit and the second purification unit.

80. The system of claim 79, wherein the first and second purification units each comprise

a chromatography column.

81.  The system of claim 55, wherein the purification unit is a final purification unit of the

system.

82.  The system of claim 55, wherein the solution is a first solution, and the detection
apparatus is further configured to measure radiation from a second solution, and the
controller is configured to:

receive a measurement signal from the detection apparatus corresponding to
information about a vibrational spectrum of the second solution;

analyze the information about the second solution using the first chemometrics model
to determine a value of the first quality attribute for the second solution; and

analyze the information about the second solution using the second chemometrics

model to determine a value of the second quality attribute for the second solution.

83. The system of claim 82, wherein the purification unit is a first purification unit and
the system comprises a second purification unit and a third purification unit, and wherein:
the first solution flows between the first purification unit and the second purification
unit; and
the second solution flows between the second purification unit and the third

purification unit.
84. The system of claim 82, wherein the controller is configured to adjust the at least one

parameter based on at least one of the first and second quality attribute values for the first

solution, and the first and second quality attribute values for the second solution.
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8s. The system of claim 61, wherein the detection apparatus and controller are configured
to measure the radiation from the solution and determine the first and second quality attribute
values within a time period of 30 seconds or less, starting from a time at which the radiation

1s incident on the solution.

86.  The system of claim 85, wherein the time period is 10 seconds or less.

87. The system of claim 85, wherein the time period is 2 seconds or less.

88. The system of claim 55, wherein the detection apparatus and controller are configured
to repeat the steps of measuring the radiation from the solution, analyzing the information
about the vibrational spectrum of the solution using the first chemometrics model, and
analyzing the vibrational spectrum using the second chemometrics model, to determine a
temporal sequence of first quality attribute values and second quality attribute values

associated with successive portions of the solution.

89. The system of claim 34, wherein the controller is further configured to adjust the at
least one parameter based on at least one of the temporal sequence of first quality attribute

values and the temporal sequence of second quality attribute values.

90. The system of claim 70, wherein the controller is configured to obtain a set of one or
more calibration spectra representative of the solution, and to analyze the set of calibration

spectra to determine the first and second sets of principal vibrational components.

91.  The system of claim 90, wherein the first chemometrics model comprises a first set of
coefficients associated with the first set of principal vibrational components and the second
chemometrics model comprises a second set of coefficients associated with the second set of
principal vibrational components, and the controller is further configured to determine the

first and second sets of coefficients by performing a regression analysis.
92. The system of claim 70, wherein the controller is configured to analyze the

information about the vibrational spectrum of the solution using a third chemometrics model

to determine a value of a third quality attribute associated with the solution.
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93.  The system of claim 92, wherein the third chemometrics model comprises a third set

of principal vibrational components correlated with the third quality attribute.

94.  The system of claim 93, wherein the third chemometrics model comprises at least

three principal vibrational components.

95. The system of claim 93, wherein the third chemometrics model comprises at least five

principal vibrational components.

96. The system of claim 93, wherein the controller is configured to analyze the
information about the vibrational spectrum using the third chemometrics model by
calculating the third quality attribute value based on the third set of principal vibrational

components.

97.  The system of claim 96, wherein the controller is configured to calculate the third
quality attribute value by determining the value as a linear function of the third set of

principal vibrational components.

98. The system of claim 96, wherein the controller is further configured to adjust the at
least one parameter based on at least one of the first, second, and third quality attribute

values.

99. The system of claim 93, wherein the controller is configured to analyze the
information about the vibrational spectrum using a fourth chemometrics model to determine a

value of a fourth quality attribute associated with the solution.

100.  The system of claim 99, wherein the fourth chemometrics model comprises a fourth

set of principal vibrational components correlated with the fourth quality attribute.

101.  The system of claim 100, wherein the fourth chemometrics model comprises at least

three principal vibrational components.

102.  The system of claim 100, wherein the fourth chemometrics model comprises at least

five principal vibrational components.
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103.  The system of claim 99, wherein the controller is configured to analyze the
information about the vibrational spectrum using the fourth chemometrics model by
calculating the value of the fourth quality attribute based on the fourth set of principal

vibrational components.

104.  The system of claim 103, wherein the controller is configured to calculate the value of
the fourth quality attribute by determining the value as a linear function of the fourth set of

principal vibrational components.

105.  The system of claim 99, wherein the controller is configured to adjust the at least one

parameter based on at least one of the first, second, third, and fourth quality attribute values.

106.  The system of claim 55, wherein at least one of the first and second quality attributes
is selected from the group consisting of concentration, aggregates, charge variant distribution,

purity, glycan profile, identity, and integrity.

107.  The system of claim 55, wherein at least one of the first and second quality attributes
is selected from the group consisting of protein fragments, nucleic acid fragments, nucleic

acid variants, empty capsids, and vector impurities.

108.  The system of claim 55, wherein at least one of the first and second quality attributes
is selected from the group consisting of host cell proteins, residual host DNA, residual
column ligands, impurity concentration, impurity amount, residual helper virus, residual

helper viral proteins, and residual helper viral DNA.
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