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DETERMINING CONDITIONS FOR PURIFICATION OF PROTEINS

[0001] [ blank]

BACKGROUND

[0002] Proteins are comprised of a sequence of amino acids that are linked via
chemical bonds. The amino acid sequence of a particular protein is based on a sequence
of nucleotides in the deoxyribonucleic acid (DNA) from which the protein is expressed.
The functionality and structure of a protein can be based on the amino acid sequence of
the protein. Proteins can have a varicty of functions within an organism, such as
regulation of enzymatic activity or cellular signaling. Some proteins can also be used
therapeutically to treat a biological condition. For example, proteins, such as an
antibody, can, in some cases, bind to a pathogen to target the pathogen for destruction
by other agents in the organism, such as T cells or macrophages. In another example,
proteins can bind to a molecule to transport the molecule to a targeted location in an
organism to alleviate phenotypes of a biological condition.

[0003] Proteins can be expressed through a variety of processes, but the expressed
proteins are often contained in a solution along with impurities that are associated with
the expression of the proteins. Purification of the expressed proteins can take place
utilizing a number of techniques. Optimization of the purification process for proteins
can be a time consuming and costly undertaking because many rounds of
experimentation may be needed utilizing different types of chromatographic techniques

and conditions to identify the purification conditions that provide the highest yields and

purity.

BRIEF DESCRIPTION OF THE DRAWINGS
[0004] FIG. 1 is a diagram of some implementations of an architecture to determine
conditions to optimize purification of proteins.
[0005] FIG. 2 illustrates some implementations of techniques to determine
conditions to optimize purification of proteins using data obtained from a multi-well

plate.
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[0006] FIG. 3 illustrates some implementations of techniques to determine models
to predict purity and yield of proteins under various purification conditions.

[0007] FIG. 4 illustrates some implementations of techniques to utilize a plurality
of models to determine optimal conditions for purification of proteins.

[0008] FIG. 5 illustrates some implementations of a system to determine
purification conditions for proteins using one or more chromatographic processes.
[0009] FIG. 6 is a flow diagram of an example process to determine purification
conditions for proteins using one or more chromatographic processes.

[0010] FIG. 7 illustrates a number of user interfaces that indicate yield and purity
for a protein with respect to a number of pH levels and salt concentrations.

[0011] FIG. 8 illustrates results from different models that can be used to determine
yield and purity for proteins using multi-mode chromatography at various pH levels
and salt concentrations.

[0011a] FIG. 9 shows a 96-well filter plate configuration where the colors indicate
arcas of the plate dedicated to specific resins.

[0011b] FIG. 10 shows a comparison of solution stabilily for 2 mAbs for the range
of downstream process conditions evaluated.

[0011c] FIG. 11 shows thermal stability by DSF for the range of downstream
process conditions evaluated.

[0011d] FIG. 12 shows an example of data generated during a single batch binding
experiment where: Panel A: Protein A recovery vs. elution pH and pool HMW
following a 60 minute low-pH hold. Panel B: Pscudo-chromatograms for 2 CEX
resins. Panel C: Static capacity and HMW mass balance for 2 CEX resins. Panel D:
Purity (HMW) plot for 2 CEX resins.

[0011e] FIG. 13 shows an example of data generated during a single batch binding
experiment where: Panel E: shows recovery and contaminant contour plots for AEX,
HIC, and MMC resins operated in flowthrough mode.

[0011f]  FIG. 14 shows purity versus yield for paired modes across entire

downstream process.

DETAILED DESCRIPTION
[0012] The concepts described hercin are directed to determining optimized
conditions for the purification of proteins. In particular, the techniques and systems

described herein are related to determining conditions for chromatographic processes
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that can be utilized to purify proteins after the proteins have been expressed. In some
implementations, the systems can utilize machine learming techniques to determine the
types of chromatographic processes and the conditions for the chromatographic
processes that lead to optimal yields and purity for various proteins.

[0013] Column chromatography can utilize various principles to separate proteins
from impurities in a solution. Column chromatography can include placing an amount
of material into a vertically arranged column, where the material interacts with
molecules that flow through the column. As different molecules interact with the
material placed in the column, the molecules move through the column at different
rates. Thus, some molecules can move more slowly through the column than others
leading to a separation of the molecules moving through the column. The different
molecules can then be captured as they exit the column. Molecules can be separated
based on size, shape, charge, hydrophobicity, combinations thereof, or other
characteristics that can cause interactions between the molecules and the material
placed into the column. In various implementations, the material placed into the column

that interacts with the molecules moving through the column can be relerred to as a

2a
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stationary phase material. The molecules moving through the column can be included
in what can be referred to as a mobile phase or eluent that passes over the stationary
phase. Some chromatographic processes can include ion exchange chromatography,
affinity chromatography, high pressure liquid chromatography (HPLC), hydrophobic
interaction chromatography (HIC), mixed mode chromatography (MMC), reverse
phase chromatography, (RPC), size exclusion chromatography, and the like.

[0014] The cost and effectiveness of a protein purification process using column
chromatography can depend on the type of chromatographic process utilized to purify
the proteins because some chromatographic techniques can be more effective at
purifying certain proteins than other chromatographic techniques. The type of
chromatographic process utilized to purify a protein can also correspond to the use of
certain stationary phase materials that can impact the cost of protein purification. In
some instances, multiple chromatography processes can be utilized to purify proteins;
however, each chromatographic step utilized in the protein purification process can
result in some amount of lost protein.

[0015] Typically, selection of chromatographic processes and the determination of
the conditions to purify proteins is based on knowledge available to those skilled in the
art, such as journal articles, research papers, and textbooks, and a trial and error process
is performed based on this knowledge whereby a particular protein is purified using one
or more chromatographic processes under a variety of conditions. The use of the
conventional process to select chromatographic techniques and conditions is limited in
scope and inefficient. That is, for each protein to be purified, an amount of stationary
phase material and an amount of the protein is utilized in order to determine a possible
protocol for purification of the protein. Since an amount of stationary phase material
and an amount of protein is utilized to identify chromatographic processes to purify a
protein, the number of combinations of conditions, such as pH and salt concentration
of the mobile phase solution, is also limited. In particular, the cost of the protein and
stationary phase material, as well as the time utilized, for more than a few trial runs to
determine the conditions that provide the best yield and purity for the protein can
become prohibitive.

[0016] The techniques and systems described herein overcome the problems with
the conventional techniques of determining protein purification conditions by
collecting data with respect to different chromatography techniques under various

conditions for a limited number of proteins and then utilizing machine learning to
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optimize the purification process for many other additional proteins. In some
implementations, models can be developed to predict the optimal chromatographic
conditions for a protein based on particular data obtained about the protein. For
example, models to determine yield and purity for a number of chromatographic
techniques under various conditions can be based on sequences of the proteins.
Additionally, models to determine yield and purity for a number of chromatographic
techniques under a number of conditions can be based on secondary structures
associated with the proteins. In other situations, models to determine yield and purity
for a number of chromatographic techniques with respect to certain conditions can be
based on values of biophysical properties of the proteins that are measured using
analytical techniques.

[0017] The models developed to determine the yield and purity of proteins can be
evaluated together to determine a particular chromatographic technique or a particular
combination ol techniques that provide the optimal yield and purity for the protein. The
cost of implementing the chromatographic techniques can also be evaluated when
determining a particular chromatographic technique or combination of
chromatographic techniques that provide the optimal yield and purity for the protein.
The cost of a chromatographic technique can be based on a cost of the stationary phase
material, a cost of the mobile phase, a size of the column utilized, how difficult the
stationary phase material is to work with, yield of an individual chromatography step,
combined yield of several chromatography steps, or combinations thereof.

[0018] Additionally, techniques and systems described herein can minimize the
amount of data needed to generate the models utilized to predict the yield and purity
for proteins. In various implementations, the chromatography conditions utilized in the
columns can be determined from a minimum number of combinations of
chromatography conditions that can be simulated using a multi-well plate. The
minimum number of combinations of chromatography conditions can be identified by
minimizing differences between reference data and a subset of wells of the multi-well
plate under various chromatography conditions for different stationary phase materials.
In particular, subsets of chromatography conditions for a stationary phase material for
some proteins can be utilized across a wider range of proteins to provide yield and
purity data to generate models that predict protein yield and purity for particular
stationary phase materials.

[0019] By utilizing the techniques and systems described herein, the optimal

PCT/US2019/019050
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conditions for purification of proteins can be determined for a number of proteins
without having to perform actual runs of chromatographic processes for each of the
proteins being evaluated under a number of different conditions. Thus, the cost of
determining optimal conditions for purification of a protein is reduced and the
efficiency is increased. Additionally, by minimizing the amount of data obtained to
generate the models for determining the optimal conditions that maximize yield and
purity for the purification of proteins, the amount of computing resources, such as
processing resources and memory resources, is minimized.

[0020] FIG. 1 is a diagram of some implementations of an architecture 100 to
determine conditions to optimize purification of proteins. The architecture 100 can
evaluate a number of proteins, such as representative protein 102, to produce training
data 104. The training data 104 can be provided to a model generating system 106 to
produce a number of models to predict measures of performance of a number of
stationary phase materials [or various chromatographic techniques. The measures of
performance can include at least one of yield or purity for an individual stationary phase
material. In some implementations, the protein 102 can include an antibody. In an
illustrative example, the protein 102 can include an IgG antibody.

[0021] The training data 104 can include sequence data 108 that indicates at least a
portion of an amino acid sequence of the protein 102. The sequence data 108 can
indicate the amino acid at individual positions of the sequence of the protein 102. In
various implementations, the sequence data 108 can be determined by mass
spectrometry. Particular techniques for determining a protein sequence using mass
spectrometry can be found in Hunt, D F et al. “Protein Sequencing by Tandem Mass
Spectrometry.” Proceedings of the National Academy of Sciences of the United States
of America 83.17 (1986): 6233-6237. Print. Additionally, the sequence data 108 can be
determined using Edman degradation as described in Berg JM, Tymoczko JL, Stryer L.
Biochemistry. 5th edition. New York: W H Freeman; 2002. Section 4.2, Amino Acid
Sequences Can Be Determined by Automated Edman Degradation. Available from:
https://www.ncbi.nlm.nih.gov/books/NBK22571/. Further, the sequence data 108 can
be determined from a sequence of nucleotides associated with the protein 102, such as
a deoxyribonucleic acid (DNA) sequence or a ribonucleic acid (RNA) sequence
associated with the protein 102, as described in Smith, A. (2008) Nucleic acids to
amino acids: DNA specifies protein. Nature Education 1(1):126.

[0022] The training data 104 can also include structure data 110 that indicates

PCT/US2019/019050
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structural features of the protein 102. The structure data 110 can indicate secondary
features of the protein 102, tertiary features of the protein 102, or both. The structure
data 110 can indicate features of the three-dimensional structure of the protein 102,
such as turns and/or loops. In certain implementations, the structure data 110 can
indicate o-helixes, B-turns, f-sheets, Q-loops, or combinations thereof. The structure
data 110 can also indicate hydrophobic regions of the protein 102, polar regions of the
protein 102, regions of the protein 102 having certain charges, or combinations thereof.
The structure data 110 can indicate a number of positions associated with a type of
secondary structure or a type of tertiary structure of the protein 102. Secondary structure
of the protein 102 can be determined by a number of methods including those described
in Determination of the secondary structure of proteins by laser Raman spectroscopy;
J. L. Lippert, D. Tyminski, and P. J. Desmeules; Journal of the American Chemical
Society 1976 98 (22), 7075-7080 DOI: 10.1021/ja00438a057.

[0023] The training data 104 can also include data obtained [rom analyzing the
protein 102 by one or more purification systems 112 to produce purification data 114.
The one or more purification systems 112 can include one or more chromatographic
techniques. In particular implementations, the protein 102 can be expressed and then
purified utilizing at least one chromatographic technique under various conditions, such
as various pH levels and salt concentrations. The purification data 114 can also include
yield and purity data obtained from utilizing the one or more purification systems 112
with respect to the protein 102. The one or more purification systems 112 can include
chromatographic processes, such as ion exchange chromatography (IEX), affinity
chromatography, hydrophobic interaction chromatography (HIC), multi-mode
chromatography (MMC), reversed phase chromatography (RPC), size exclusion
chromatography (SEC), or combinations thereof. The use of other chromatographic
techniques is also contemplated in other implementations. In some implementations,
the purification data 114 can be determined through analyzing purity and yield values
obtained from multi-well plates with respect to various stationary phase materials. The
stationary phase materials analyzed with regard to the purification systems 112 can
include polymeric materials, such as resins. In particular implementations, the
stationary phase materials analyzed with regard to the purifications systems 112 can
include silica-containing materials. In some illustrative examples, the stationary phase
materials utilized with regard to the purifications systems 112 can include silica, cross-

linked agarose, methacrylate, hydrophilic polyvinyl ether, cellulose, hydrogel,
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polymethacrylate, hydroxyapitite, or combinations thereof.

[0024] The training data 104 can also include data obtained by subjecting the
protein 102 to analytical testing 116 to produce measured attributes 118. The analytical
testing can include a number of assays that produce data about the protein 102. The
measured attributes 118 can include a molecular weight of the protein 102 that can be
determined using size exclusion chromatography. The measured attributes 118 can also
include turbidity measured using a UV-Vis spectrophotometer. Additionally, the
measured attributes 118 can include a measure of stability of the protein 102 that is
determined by differential scanning flucrimetry (DSF). The stability of the protein 102
can also be measured using a Chemical Unfolding assay or a Viscosity assay. Further,
the measured attributes 118 can include measures of interactions between regions of
the protein 102 as determined by self-interaction nanoparticle spectroscopy (SINS).
[0025] The training data 104 can be provided to a model generating system 106 that
can determine models to predict measures of performance f[or various protein
purification techniques. Individual models produced by the model generating system
106 can be associated with a respective stationary phase material. For example, a first
model 120 can predict yield and/or purity for a first stationary phase material. In
addition, a second model 122 can predict yield and/or purity for a second stationary
phase material. The model generating system 106 can generate up to an N model 124
that can predict yield and/or purity for an N™ stationary phase material. In some
implementations, the first stationary phase material can be associated with a first
chromatographic technique and the second stationary phase material can be associated
with a second chromatographic technique that is different from the first
chromatographic technique. In other implementations, the first stationary phase
material can be different from the second stationary phase material, but associated with
a same chromatographic technique. In illustrative examples, the first model 120 can be
produced with respect to a stationary phase material associated with an anion exchange
chromatographic technique, the second model 122 can be produced with respect to a
stationary phase material associated with a hydrophobic interaction chromatographic
technique, and the N model 124 can be produced with respect to a stationary phase
material associated with a mixed-mode chromatographic technique.

[0026] At 126, the model generating system 106 can analyze the training data 104
to identify relationships between features of a group of proteins that includes the

representative protein 102. In some implementations, the model generating system 106
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can determine relationships between sequences of the proteins and one of more of the
measured attributes. In various implementations, the model generating system 106 can
determine relationships between yield and/or purity of the one or more purification
systems 112 and the sequence data 108, the structure data 110, and/or the measured
atributes 118 for a group of proteins that includes the protein 102. For example, the
model generating system 106 can determine that proteins having a particular sequence
at a range of positions can have values for turbidity within a specified range. In another
example, the model generating system 106 can determine that proteins having a range
of molecular weights are correlated with relatively higher yields when purified using
MMC in relation to yields achieved when purified using anion exchange
chromatographic techniques. The model generating system 106 can also determine
relationships between purification conditions, such as pH levels and/or salt
concentrations, and the sequences of the proteins used to produce the training data 104,
structures of the proteins used to produce the training data 104, measured attributes of
the proteins used to produce the training data 104, or combinations thereof. Further, the
model generating system 106 can determine relationships between purification
conditions and the types of stationary phase materials utilized in the one or more
purification systems 112.

[0027] At 128, the model generating system 106 can generate a number of models
to predict measures of performance, such as yield and/or purity, of the one or more
purification systems 112. In particular, the models produced by the model generating
system 106, such as the models 120, 122, 124, can predict measures of performance for
proteins that are different from the proteins used to produce the training data 104. That
is, the models 120, 122, 124 can predict measures of performance for proteins that have
different sequences than the proteins used to produce the training data 104. The models
generated by the model generating system 106 can include variables associated with
one or more of the sequence data 108, the structure data 110, purification conditions,
or one or more of the measured attributes 118. The models can also include coefficients
for the variables that indicate relative weights of the variables with respect to one
another. The variables and coefficients included in the models can be based on the
relationships between the various features of the training data that are determined at
operation 126. In an illustrative example, the models 120, 122, 124 can include
polynomial models.

[0028] The model generating system 106 can perform an iterative process to

PCT/US2019/019050
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determine the models 120, 122, 124. For example, the model generating system 106
can determine a polynomial function for a particular stationary phase material and test
the polynomial function against the training data 104. If the polynomial function does
not produce measures of performance consistent with the training data 104, the model
generating system 106 can modify the variables and/or coefficients of the initial
polynomial function to produce an additional polynomial function. The model
generating system 106 can then evaluate the additional polynomial function with
respect to the training data 104. The model generating system 106 can evaluate a
number of iterations of a model for each stationary phase material until the results
produced by the models correspond to the training data 104 within a threshold amount.
That is, the model generating system 106 can evaluate models for stationary phase
materials to minimize error between the predicted results and actual results. In an
illustrative example, the model generating system 106 can iteratively test models for
individual stationary phase materials until a local minimum is achieved. In additional
illustrative examples, the model generating system 106 can iteratively test models for
individual stationary phase materials until a global minimum is achieved. Further, the
model generating system 106 can iteratively test models for individual stationary phase
materials until a specified number of training cycles have been completed. In situations
where an accuracy of an individual stationary phase material is less than a threshold
accuracy, additional training cycles can be performed and in some situations parameters
of the model can be tuned during the additional training cycles. In particular
implementations, hyperparameters of the model can be tuned for additional training
cycles in scenarios where an accuracy of the model for an individual stationary phase
material is less than a threshold accuracy.

[0029] The models generated by the model generating system 106 can be provided
to a purification conditions optimization system 130. In the illustrative example of FIG.
1, the purification conditions optimization system 130 can utilize the models 120, 122,
124, or combinations thereof, to optimize the purification conditions for proteins that
are different from the proteins utilized to produce the training data 104. In an illustrative
example, the purification conditions optimization system 130 can determine optimizing
conditions for purification of an additional protein 132. The purification conditions
optimization system 130 can obtain additional protein data 134 that corresponds to the
additional protein 132. The additional protein data 134 can include a sequence of the

additional protein 132, one or more structures of the additional protein 132, measured
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attributes of the additional protein 132, or combinations thereof. In some
implementations, the additional protein 132 can have some similarities with respect to
the protein 102. For example, both the protein 102 and the additional protein 132 can
be antibodies. In another example, both the protein 102 and the additional protein 132
can be IgG antibodies. In other examples, a molecular weight of the additional protein
132 can be within at least about 2% of the molecular weight of the protein 102, at least
about 5% of the molecular weight of the protein 102, at least about 10% of the
molecular weight of the protein 102, at least about 15% of the molecular weight of the
protein 102, at least about 20% of the molecular weight of the protein 102, or at least
about 25% of the molecular weight of the protein 102.

[0030] At 136, the purification conditions system 130 can evaluate the additional
protein data 134 with respect to one or more of the models generated by the model
generating system 106. In particular implementations, the purification conditions
optimization system 130 can determine yield and purity values for the additional protein
132 with respect to a number of stationary phase materials based on the additional
protein data 134. For example, the purification conditions optimization system 130 can
evaluate the additional protein data 134 with respect to the first model 120, the second
model 122, and the Nt model 124 to determine yield and purity values for the additional
protein 132 for each respective stationary phase material associated with the models
120, 122, 124.

[0031] At 138, the purification conditions optimization system 130 can determine
one or more models to optimize purification of the additional protein 132. In particular
implementations, the purification conditions optimization system 130 can produce
purification conditions 140 for the additional protein 132. The purification conditions
140 can indicate one or more chromatographic techniques to purify the additional
protein 132. The purification conditions 140 can also indicate one or more pH values
and one or more salt concentrations at which to perform the chromatographic
techniques identified by the purification conditions optimization system 130.

[0032] The purification conditions optimization system 130 can compare the yield
and purity values produced for the additional protein 132 by one or more of the models
generated by the model generating system 106 to determine a model that maximizes
values for yield and purity. In some implementations, the purification conditions
optimization system 130 can determine a combination of models that maximizes values

for the purity and yield of the additional protein 132. In an illustrative example, the
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purification conditions optimization system 130 can determine that a stationary phase
material associated with the first model 120 can maximize yield and purity values for
the additional protein. In another illustrative example, the purification conditions
optimization system 130 can determine that purifying the additional protein 132
utilizing a first stationary phase material associated with the first model 120 followed
by purifying the additional protein 132 with a second stationary phase material
associated with the second model 122 can maximize yield and purity values for the
additional protein 132. Additionally, the purification conditions and optimization
system 130 can determine the purification conditions 140 based at least partly on cost
of a number of stationary phase materials. To illustrate, the purification conditions
optimization system 130 can determine the purification conditions 140 based at least
partly on yield values, purity values, and cost of the stationary phase materials
associated with the models generated by the model generating system 106, such as
models 120, 122, 124.

[0033] FIG. 2 illustrates some implementations of techniques to determine
conditions to optimize purification of proteins using data obtained from a multi-well
plate 202. In the illustrative example of FIG. 2, the wells of the multi-well plate 202,
such as representative well 204, can be divided into quadrants. For example, the multi-
well plate 202 can include a first quadrant 206, a second quadrant, 208, a third quadrant
210, and a fourth quadrant 212. In the illustrative example of FIG. 2, each quadrant can
be associated with a different stationary phase material. In other implementations, the
multi-well plate 202 can be divided into a different number of portions, such as two
portions, three portions, or six portions, to accommodate a different number of
stationary phase materials. Additionally, although each quadrant in the multi-well plate
202 includes a 4 x 6 matrix corresponding to four different salt concentrations and six
different pH levels, the matrices associated with each portion of the multi-well plate
202 can be different. To illustrate, the 4 x 6 matrices of the multi-well plate 202 can
correspond to four different pH levels and six different salt concentrations. In an
additional example, a multi-well plate can be divided into three portions that each have
an 8 x 4 matrix corresponding to eight pH levels and four salt concentrations or eight
salt concentrations and four pH levels. Furthermore, although the illustrative example
of FIG. 2 includes a multi-well plate 202 with 96 wells, other implementations can have
multi-well plates with different numbers of wells.

[0034] The multi-well plate 202 can be utilized to provide purity and yield data
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with respect to a set of proteins 214 for a number of stationary phase materials. To
illustrate, individual wells of the multi-well plate 202 can include a solution including
an amount of a protein selected from the set of proteins 214 and an amount of a
stationary phase material. The solution included in individual wells of the multi-well
plate can also have a pH value and a salt concentration. The pH value can be based on
an amount of acid included in the solution or an amount of base included in the solution.
The salt concentration can be based on an amount of a salt included in the solution,
such as an amount of NaCl included in the solution. Other salts can also be utilized in
the solution, such as weak acid salts (e.g., CH3COONa) or weak base salts (e.g.,
NH4Cl). In particular implementations, the pH values of the solutions included in the
wells of the multi-well plate can be from about 2.5 to about 8.5, from about 3 to about
8, from about 3 to about 5, or from about 5 to about 8. Additionally, the salt
concentrations of the solutions included in individual wells of the multi-well plate 202
can be from about 0 millimolar (mM) to about 750 mM, from about 20 mM to about
650 mM, from about 25 mM to about 400 mM, from about 30 mM to about 200 mM,
or from about 5 mM to about 100 mM.

[0035] Yield and/or purity determinations with respect to the stationary phase
materials, pH values, and salt concentrations of the individual wells of the multi-well
plate can be based at least partly on analyses of the solutions of the individual wells
after a period of time. In particular implementations, colloidal stability of the solutions
can be determined based on light scattering properties of the solution, such as turbidity,
and chemical stability of the solution can be determined using a Chemical Unfolding
assay. See Guillermo Senisterra, Irene Chau, and Masoud Vedadi. ASSAY and Drug
Development Technologies. Volume 10, Issue 2, Apr 2012. Thermal stability of the
solutions can also be determined, such as via differential scanning fluorimetry. Purity
can be determined using size exclusion chromatography. Binding of the proteins of the
set of proteins 214 to the stationary phase materials included in the individual wells of
the multi-well plate 202 can also be utilized to determine yield and/or purity values for
individual proteins of the set of proteins 212 under the conditions of the individual
wells. In some cases, the solutions included in the individual wells can be run through
a particular chromatographic process. Additionally, to determine an amount of protein
bound to the stationary phase material included in individual wells of the multi-well
plate 202, the amount of protein in the solutions of the individual wells can be compared

with the initial amount of protein in the solution when the solution was first added to
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the individual well. Values of particular characteristics of the individual proteins
included in the set of proteins 214 can also be analyzed after the solutions have been in
the individual wells for a period of time to determine stability of the individual proteins,
yield for the individual proteins, and/or purity for the individual proteins. To illustrate,
in situations where the set of proteins 214 include antibodies, the high molecular weight
(HMW) component can be analyzed to determine stability of individual proteins at
various pH values and salt concentrations.

[0036] In certain implementations, each quadrant 206, 208, 210, 212 of the multi-
well plate 202 can represent various experimental conditions for one or more proteins
included in the set of proteins 214. For example, individual wells included in a
particular quadrant 206, 208, 210, 212 can represent different combinations of salt
concentrations and pH values for a particular stationary phase material. In other
situations, multiple stationary phase materials can be evaluated at various pH values
and salt concentrations in a particular quadrant 206, 208, 210, 212.

[0037] In implementations described herein, a subset of wells for one or more of
the quadrants 206, 208, 210, 212 can be determined that represent the yield, purity,
and/or stability of the protein for the aggregated wells of the quadrant. To illustrate, the
techniques described with respect to FIG. 2 can identify five wells or six wells of the
third quadrant 210 that represent the data that can be obtained from conditions
associated with the twenty-four wells of the quadrant 210. By reducing the number of
wells analyzed to determine data that can be utilized to predict yield, purity, and/or
stability of individual proteins, the amount of protein and the amount of stationary
phase material used is minimized. In the illustrative example of FIG. 2, a first set of
wells 216 up to an N set of wells 218 can be analyzed to identify a minimum number
of wells to determine yield, purity, and/or stability data for individual proteins of the
set of proteins 214. The individual wells included in the first set of wells 216 up to the
Nth set of wells 218 can be shown as having a gray color in the illustrative example of
FIG. 2.

[0038] At 220, the first set of wells 216 can be analyzed to produce the first data
set 222. The analysis of the first set of wells 216 can include determining yield and/or
purity of the protein included in the individual wells of the first set of wells 216 under
the pH and salt concentration values associated with the individual wells of the first set
of wells 216 to produce the first data set 222. The analysis of the first set of wells 216

can also include determining certain characteristics of a protein included in the
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individual wells of the first set of wells after remaining in the respective wells for a
period of time, such as a high molecular weight (HMW) component, to produce the first
data set 222. Additionally, characteristics of the solution included in the individual
wells of the first set of wells 216, such as a turbidity of the solution, can be analyzed to
produce the first data set 222.

[0039] A number of additional sets of wells including different combinations of
conditions can be analyzed until an N set of wells is analyzed at 224 to produce an N
data set 226. In some cases, the combinations of wells that are analyzed for each round
of analysis can include a same number of wells, but have different combinations of
conditions. In particular implementations, the wells of the third quadrant 210 can be
selected for evaluation according to a random or pseudo-random algorithm. In an
illustrative example, a Monte Carlo algorithm can be utilized to determine the
combinations of individual wells to evaluate for each round of analysis.

[0040] Individual data sets produced for each combination of wells can be
analyzed, at 228, with respect to a reference data set 230. The reference data set 230
can be produced from a greater number of wells of the third quadrant than the number
of wells included in the first set of wells 216 through the N set of wells 218. For
example, the reference data set 230 can be produced from at least about 75% of the
wells of the third quadrant 210, at least about 80% of the wells of the third quadrant
210, at least about 85% of the wells of the third quadrant 210, at least about 90% of the
wells of the third quadrant 210, or at least about 95% of the wells of the third quadrant
210. In various implementations, the reference data set 230 can be derived from a set
of wells included in the third quadrant that includes at least a portion of the wells
included in each of the first set of wells 216 through the N set of wells 218. The
reference data 230 can include data that corresponds with the data included in the first
data set 222 through the N data set 226. To illustrate, the reference data set 230 can
include yield and/or purity values for a number of the wells included in the third
quadrant 210, data regarding the solution included in the wells of the third quadrant
210, and data indicating characteristics of the protein included in the wells of the third
quadrant 210.

[0041] In particular implementations, at least a portion of the first data set 222 can
be compared with at least a portion of the reference data set 230 and an amount of error
between the at least a portion of the first data set 222 and the at least a portion of the

reference data set 230 can be determined. Another group of wells can then be selected
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and at least a portion of data derived from the second group of wells can be compared
with the at least a portion of the reference data set 230 and an amount of error between
the data derived from the second group of wells and the reference data 230 can be
determined. A number of additional groups of wells can be analyzed and the data
derived from the additional groups of wells can be compared against the reference data
230. Each successive group of wells is analyzed in such a way to reduce the error
between a newly selected group of wells and the reference data until a minimum error
is attained. The combination of wells that is associated with the minimum error between
the data generated from the combination of wells and the reference data is represented
by the optimized well arrangement 232.

[0042] The optimized well arrangement 232 can be utilized to generate data for
additional proteins that are different from the set of proteins 214 that were used to
produce the optimized well arrangement 232. In the illustrative example of FIG. 2, an
additional protein 234 can be placed into wells associated with the conditions
corresponding to the wells of the optimized well arrangement 232. In particular, an
amount of the additional protein 234 can be placed into wells of a multi-well plate at
pH values, salt concentrations, and with an amount of stationary phase material that
corresponds to the conditions of the optimized well arrangement 232. At 236, the
additional protein can be analyzed with respect to the conditions of the optimized well
arrangement 232 to produce an additional protein data set 238. The additional protein
data set 238 can include yield and/or purity values for the wells of the optimized well
arrangement 232 with respect to the additional protein 234. The additional protein data
set 238 can also include data indicating characteristics of the solution included in the
individual wells of the optimized well arrangement for the additional protein 234.
[0043] FIG. 3 illustrates some implementations of techniques to determine models
to predict purity and yield of proteins under various purification conditions. In
particular, a first protein 302 can be associated with first characterization data 304. The
first characterization data 304 can include a sequence of the first protein 302, one or
more secondary structures of the first protein 302, one or more tertiary structures of the
first protein 302, or combinations thereof. The first characterization data 304 can also
include values for biophysical properties of the first protein 302. The model generating
system 106 can obtain the first characterization data 304 and utilize the first
characterization data 304 to generate models to predict yield and purity for various

proteins. The model generating system 106 can also obtain data regarding other
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proteins, up to an N* protein 306, to generate the models utilized to predict yield and
purity. In the illustrative example of FIG. 3, the model generating system 106 can also
obtain N characterization data 308 that includes sequence data for the N protein 306,
data for one or more secondary structures of the N protein, data for one or more tertiary
structures of the N protein 306, biophysical properties data for the N* protein 306, or
combinations thereof.

[0044] In addition to protein characterization data, the model generating system 106
can utilize yield and purity data for the first protein 302 up to the N protein 306 to
generate models to determine yield and purity values for additional proteins. For
example, purification conditions 310 can be applied to a chromatography column 312
with respect to the first protein 302 up to the N™ protein 306. In this way, first purity
and yield values 314 for the first protein 302 up to N" purity and yield values for the
Nth protein 306 can be collected with respect to multiple stationary phase materials at
various combinations ol pH levels and salt concentrations.

[0045] The model generating system 106 can analyze the first characterization data
304 up to the N characterization data 306 and the first yield and purity values 314 up
to the N yield and purity values 316 to determine relationships between different
variables included in the characterization data 304 ... 306 and the yield and purity
values 314 ... 316. For example, the model generating system 106 can identify
relationships between yield and purity values for proteins having particular sequence
features under certain purification conditions, such as a particular stationary phase
material, a range of pH values, and a range of salt concentrations. The model generating
system 106 can also identify relationships between yield and purity values for proteins
having values for one or more particular biophysical properties under certain
purification conditions. Additionally, the model generating system 106 can identify
relationships between yield and purity values for proteins having particular secondary
structures at various positions under certain purification conditions.

[0046] The model generating system 106 can generate a first model 318 having first
variables and first weights 320 up to an N model 322 having N™ variables and N®
weights 324. Individual models from the first model 318 up to the N model 322 can
correspond to individual stationary phase materials that can be utilized to purify
proteins in a chromatography column, such as the column 312. For example, the first
model 318 can predict yield and purity values for a stationary phase material utilized in

anion exchange chromatography. In another example, the N model 322 can predict
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yield and purity values for a stationary phase material utilized in multi-mode
chromatography. The variables of the first model 318 up to the N* model 322 can
correspond to features of the characterization data for proteins. Additionally, the
variables of the first model 318 can correspond to various pH levels and salt
concentrations. To illustrate, the first model 318 can include variables related to protein
sequence and the presence of various secondary structures with respect to a particular
stationary phase material. The first model 318 can also include variables related to pH
levels and salt concentrations with respect to the particular stationary phase material.
The weights associated with the first model 318 up to the N* model 322 can indicate
an amount of impact of a variable on the yield and purity values.

[0047] In illustrative implementations, characterization data for additional proteins
can be evaluated with respect to one or more of the models generated by the model
generating system 106. In a particular example, a model generated by the model
generating system 106 can be associated with a stationary phase material and have
variables related to a number of hydrophobic amino acids included in a protein
sequence, a number of beta sheets, differential scanning fluorimetry values, pH levels,
and salt concentrations. Continuing with this example, characterization data for an
additional protein that indicates a number of hydrophobic amino acids included in the
sequence of the additional protein, a number of beta sheets included in the additional
protein, and differential scanning fluorimetry values of the additional protein can be
evaluated in conjunction with ranges of pH levels and salt concentrations to predict
yield and purity values for the different stationary phase materials according to one or
more of the models generated by the model generating system 106.

[0048] In various implementations, the model generating system 106 can generate
models using principle component analysis (PCA) techniques. For example, the model
generating system 106 can characterize the yield and purity values, such as the first
yield and purity values 314 up to the Nth yield and purity values 316 as simply one
PCA variable or as two PCA variables. The model generating system 106 can also
determine respective weights for the variables. In this way, the first variables and first
weights 320 included in the first model 318 and the Nth variables and Nth weights 324
included in the Nth model 322 can include one or more PCA variables and their
respective weights. By implementing PCA techniques to determine variables and
weights to include in the models, the model generating system 106 can reduce the

computation power, such as processor cycles, utilized to predict yield and/or purity
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using the models.

[0049] In particular implementations, the model generating system 106 can
generate models that can be implemented with a group of molecules having a set of
characteristics based on the characterization data of the molecules and the
chromatography technique used to purify the molecules. For example, molecules
having particular sequences with variants at certain positions, molecules having a
specified range of biophysical properties, and/or molecules having specified ranges of
biophysical properties. In certain implementations, the model generating system 106
can generate separate models for subsets of the molecules included in a group of
molecules. In an illustrative example, the model generating system 106 can generate a
single model for a group of proteins having a specified set of characteristics that is
purified using size exclusion chromatography. In another illustrative example, the
model generating system 106 can generate multiple models for the same group of
proteins that is purified using hydrophobic interaction chromatography. Specifically,
the model generating system 106 can generate a first model to predict yield and/or
purity of molecules included in the group of molecules that have a relatively high
amount of retention with respect to the stationary phase material included in the
chromatography and a second model to predict yield and/or purity of the molecules
included in the group that have a relatively lower amount of retention with respect to
the stationary phase material included in the chromatography column. The model
generating system 106 can utilize a threshold amount of retention to determine the
molecules included in a first group having a relatively high amount of retention in
relation to the molecules included in a second group having a relatively low amount of
retention. In some particular illustrative examples, retention of molecules with respect
to a stationary phase material can be measured according to a Retention Factor, k. The
retention of molecules with respect to a stationary phase material can also be measured
according to time factors and/or volume factors, such as a retention time for a given
volume of mobile phase material.

[0050] FIG. 4 illustrates some implementations of techniques to utilize a plurality
of models to determine optimal conditions for purification of proteins. The models can
be generated by the model generating system 106 of FIG. 1 and FIG. 3 and utilized by
the purification conditions optimization system 130 to determine optimal conditions for
the purification of various proteins. In the illustrative example of FIG. 4, optimal

conditions for the purification of the protein 402 can be determined by the purification
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conditions optimization system 130. To illustrate, at least a portion of protein
characterization data 404 that is associated with the protein 402 can be provided to the
purification conditions optimization system 130. The portions of the protein
characterization data 404 obtained by the purification conditions optimization system
130 can correspond to the data associated with the variables included in the various
models 406. For example, in situations where one or more of the models 406 include a
variable related to a number of polar amino acids included in a protein sequence, the
protein characterization data 404 can include the number of polar amino acids included
in the sequence of the protein 402. In some illustrative examples, chemical unfolding
can be a factor included in the characterization data 404 that is predictive of purity
and/or yield values. In other illustrative examples, hydrophobic regions can be
predictive of purity and/or yield values. In still other illustrative examples, both
chemical unfolding and hydrophobicity can be predictive of purity and/or yield values.
[0051] By analyzing at least portions of the protein characterization data 404 with
respect to the models 406, such as a first model 408 up to an N™ model 410, the
purification conditions optimization system 130 can produce yield and purity values for
the protein 402 with respect to various pH levels and salt concentrations. In particular
examples, the protein characterization data 404 can be evaluated with respect to the
models 406 to determine respective yield and protein values for individual
combinations of pH levels and salt concentrations. To illustrate, the purification
conditions optimization system 130 can produce first yield, purity, pH, and salt
concentration values 412 with respect to the first model 408 up to N yield, purity, pH,
and salt concentration values 414 with respect to the N® model 410. In an illustrative
example, the purification conditions optimization system 130 can determine a yield of
90% and a purity of 85% for the protein 402 with respect to the first model 408 at a pH
of 5.5 and a salt concentration of 300 mM.

[0052] The model results analysis system 416 can obtain the results produced by
the models 406 and determine optimal conditions for the purification of proteins. In
some cases, the optimal conditions for the purification of proteins can include a single
stationary phase material at a particular pH level and a particular salt concentration. In
other situations, the optimal conditions for the purification of proteins can include a
combination of stationary phase materials at one or more pH levels and one or more
salt concentrations. In particular scenarios, the optimal conditions for purification of

the protein 402 can include purifying the protein 402 using a chromatographic
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technique having a first stationary phase material at a first pH level and a first salt
concentration followed by using an additional chromatographic technique having a
second stationary phase material at a second pH level and a second salt concentration.
The model results analysis system 416 can also utilize cost data for the various
stationary phase materials to determine the optimal conditions for purification of
proteins. In various implementations, the model results analysis system 416 can utilize
data regarding a size of a chromatography column and/or throughput data for a
chromatography column to determine the optimal conditions for purification of
proteins.

[0053] The model results analysis system 416 can produce one or more user
interfaces that indicate yield and purity data for a number of combinations of pH levels
and salt concentrations for different stationary phase materials. For example, the model
results analysis system 416 can generate a first user interface 416 that has yield values
on the x-axis and purity values on the y-axis. Each yield, purity pair included in the first
user interface 416 can be associated with a particular stationary phase material at a
specified pH level and salt concentration. Additionally, the model results analysis
system 416 can generate a second user interface 420 that has pH values on the x-axis
and salt concentration values on the y-axis. Each pH and salt concentration pair
included in the second user interface 420 can be associated with particular yield and
purity values.

[0054] FIG. 5 illustrates some implementations of a system to determine
purification conditions for proteins using one or more chromatographic processes. The
system 500 includes a protein purification conditions system 502 that can be
implemented by the one or more computing devices 504. In some implementations, the
one or more computing devices 504 can be included in a cloud computing architecture
that operates the one or more computing devices 504 on behalf of an entity
implementing the protein purification conditions system 502, such as a user of the
protein purification conditions system 502. In these scenarios, the cloud computing
architecture can instantiate one or more virtual machine instances on behalf of the entity
implementing the protein purification conditions system 502 using the one or more
computing devices 504. The cloud computing architecture can be located remote from
the entity implementing the protein purification conditions system 502. In additional
implementations, the one or more computing devices 504 can be under the direct

control of the entity implementing the protein purification conditions system 502. For
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example, the entity implementing the protein purification conditions system 502 can
maintain the one or more computing devices 504 to perform operations related to
generating one or more models and analyzing protein data with respect to the models
to determine conditions to purify proteins. In various implementations, the one or more
computing devices 504 can include one or more server computers.

[0055] The protein purification conditions system 502 can include one or more
processors, such as processor 506. The one or more processors 506 can include at least
one hardware processor, such as a microprocessor. In some cases, the one or more
processors 506 can include a central processing unit (CPU), a graphics processing unit
(GPU), or both a CPU and GPU, or other processing units. Additionally, the one or
more processors 506 can include a local memory that may store program modules,
program data, and/or one or more operating systems.

[0056] In addition, the protein purification conditions system 502 can include one
or more compulter-readable storage media, such as computer-readable storage media
508. The computer-readable storage media 508 can include volatile and nonvolatile
memory and/or removable and non-removable media implemented in any type of
technology for storage of information, such as computer-readable instructions, data
structures, program modules, or other data. Such computer-readable storage media 508
can include, but is not limited to, RAM, ROM, EEPROM, flash memory or other
memory technology, CD-ROM, digital versatile disks (DVD) or other optical storage,
magnetic cassettes, magnetic tape, solid state storage, magnetic disk storage, RAID
storage systems, storage arrays, network attached storage, storage area networks, cloud
storage, removable storage media, or any other medium that can be used to store the
desired information and that can be accessed by a computing device. Depending on the
configuration of the protein purification conditions system 502, the computer-readable
storage media 508 can be a type of tangible computer-readable storage media and can
be a non-transitory storage media.

[0057] The protein purification conditions system 502 can include one or more
communication interfaces 510 to communicate with other computing devices via one
or more networks (not shown), such as one or more of the Internet, a cable network, a
satellite network, a wide area wireless communication network, a wired local area
network, a wireless local area network, or a public switched telephone network (PSTN).
[0058] The computer-readable storage media 508 can be used to store any number

of functional components that are executable by the one or more processors 506. In
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many implementations, these functional components 