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DOWNSTREAM BIOPROCESSING DEVICE

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application is a continuation of U.S. patent
application Ser. No. 13,940,793 filed Jul. 12, 2013, now U.S.
Pat. No. 9,321,805 which is a continuation of U.S. patent
application Ser. No. 13/400,627, now U.S. Pat. No. 8,506,797
filed on Feb. 21, 2012, entitled “DOWNSTREAM BIOPRO-
CESSING DEVICE.”, the contents of which are incorporated
herein by reference in their entirety.

FIELD OF THE INVENTION

[0002] The instant invention relates generally to the field of
large-scale manufacturing of target proteins using biological
cultures that secrete target proteins wherein the contents of a
plurality of bioreactors are combined simultaneous to their
harvesting and purification in a downstream bioprocessing
device resulting in significant savings of time and the cost of
manufacturing.

BACKGROUND OF THE INVENTION

[0003] Large scale manufacturing of target proteins using
mammalian cells such as Chinese Hamster Ovary Cells
(CHO) or other similar cells currently constitutes about three-
fourth of all recombinant manufacturing methods used today.
As more target proteins, particularly the monoclonal antibod-
ies (MABs) come off patent, there is a rising unmet need for
manufacturing systems that will be affordable, easily
installed and operated with least burden of regulatory chal-
lenges. None of the currently used systems, regardless of their
cost, offer these advantages. As an example, a mammalian
cell manufacturing facility to provide at least 20% of the
world market for a single MAB could cost over $100 Million
for cGMP production. Needs for such large investment have
kept many companies outside of this field of manufacturing
resulting in monopolization and price controls for these prod-
ucts worldwide.

[0004] There is a large unmet need to develop methods for
manufacturing of target protein at the lowest possible cost and
these can be achieved by a novel combination of various
concepts including:

[0005] use of smaller bioreactors to create large batches
by combining the output in compliance with CFR21
requirement of the definition of a cGMP batch, to reduce
the cost of scaling up and validation, reduced cost of
contamination failures and using smaller manufacturing
facilities; eliminating the costly steps of cell separation,
nutrient media volume reduction and lengthy chroma-
tography column loading;

[0006] allowing purification using either step or gradient
elution; and,

[0007] performing all of the above operations in a single
container under fully automated conditions to allow for
unattended operations.

[0008] The instant invention provides a novel solution for
cost-containment in target protein manufacturing by combin-
ing all of the above key elements in a novel system that can be
used to manufacture mainly the type of target proteins which
are secreted in the nutrient media, more particularly the large
dose products like monoclonal antibodies with least capital
cost requirement and with the lowest possible operating cost,
and the shortest turn-around time for development and manu-
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facturing of new products. More generally, the instant inven-
tion can be used to pool, harvest and purify any recombinant
substance either as expressed or in any stage of purification.
Representative examples will the pooling and concentration
of target proteins target proteins at the stage of refolding of
proteins.

[0009] The novel downstream processing system claimed
is not an obvious outcome of the known art; several novel
steps, hardware components and methods had to be created to
make this system to function optimally.

BRIEF SUMMARY OF THE INVENTION

[0010] A pharmaceutical production batch size is defined in
accordance with the CFR21 (Code of Federal Register) as a
homogenous mixture of ingredients. A “batch™ or “lot” as
defined in the WHO GMP guideline (TRS 908 Annex 4) as “a
defined quantity of starting material, packaging material, or
product processed in a single process or series of processes so
that it is expected to be homogeneous. It may sometimes be
necessary to divide a batch into a number of sub-batches,
which are later brought together to form a final homogeneous
batch. In the case of terminal sterilization, the batch size is
determined by the capacity of the autoclave. In continuous
manufacture, the batch must correspond to a defined fraction
of'the production, characterized by its intended homogeneity.
The batch size can be defined either as a fixed quantity or as
the amount produced in a fixed time interval.”

[0011] In those instances where smaller sub-batches are
manufactured and pooled together, it requires combining
them in a larger container wherein the sub-batches can be
mixed to a homogenous mixture. However, in many situa-
tions, a larger container use can be prohibitive such as in clean
rooms and thus there is an unmet need to invent systems that
will allow mixing between containers without the need to mix
the entire content in a larger container.

[0012] The idea of mixing contents of multiple containers
also offers many significant financial and regulatory advan-
tages.

[0013] There are additional advantages in combining

smaller sub-batches to produce a larger batch, The science of
pharmaceutical manufacturing teaches us that changing the
size of a batch is not a simply exercise. As the size of a batch
changes, the dynamics of mixing also changes along with the
dynamics of any reactions taking place in the manufacturing
process and as a result a manufacturer is required to conduct
studies to validate the conditions of manufacturing to assure
that a specific size of a batch would consistently result in the
same product. Therefore manufacturers are required to invest
substantial time and money in validating different batch sizes
to meet their need for specific quantities of the product.
[0014] Biological manufacturing of products such as pro-
teins using bioreactors even faces greater challenges as
changes in the volume of liquid (nutrient media and biologi-
cal culture) in the bioreactor container significantly changes
the conditions required to produce a product consistently. The
factors that are of significant importance include the geom-
etry of the container, the amount of gasification, the amount
and the nature of agitation of the liquid and as a result it is not
possible to predict the behavior of manufacturing process
unless it is practiced and appropriate corrections made to
various parameters of the manufacturing process.

[0015] Since the manufacturers of products are often faced
with a choice of making a larger or a smaller batch at a time,
the most obvious exercise conducted is to validate several
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batch sizes and use a specific batch size based on the current
need of manufacturing. The use of different batch sizes also
require making available different size of vessels, and other
technical attachments to a bioreactor, making the cost of
maintaining several validated batch sizes very high. However,
as target proteins are the most expensive to manufacture and
often have a shorter shelf life, it is inevitable for the manu-
facturers not to maintain several validated batch sizes.
[0016] Since bioreactors mainly employ liquid contents,
they are easier to mix and finding a solution to mix the
contents of several bioreactors in a manner that it would meet
the requirement of the FDA in accordance with CFR21 for a
single batch would reduce the cost of manufacturing signifi-
cantly by reducing the number of batches that need to be
validated and affording the flexibility to manufacturers to
produce different sizes of batches at will using fewer varia-
tions in the manufacturing equipment.

[0017] There is no prior art that teaches on combining the
contents of several bioreactors in a continuous manner using
much smaller mixing vessels to constitute a single batch. The
instant invention not only resolves this critical hurdle in
reducing the cost of production but also teaches a commercial
level applications where hundreds and thousands of liters of
liquid can be processed using low-cost solution to mix lig-
uids. The instant invention offers a two-step method for unit-
ing very large volumes of nutrient media from several biore-
actors; first, all bioreactors pour into a small mixing plenum,
which then introduces the liquid into a much smaller con-
tainer compared to the size of the bioreactor. The intent is not
to hold but to continuously mix and drain out the nutrient
media and the biological culture and only keep the active
target protein by binding it to a resin capable of binding it.
[0018] The instant invention provides a continuous mixing
capturing of target protein. Traditionally, once a target protein
has been expressed in a bioreactor, the process of harvesting
and purification currently requires separation of cells, reduc-
tion in the volume of nutrient media and loading of chroma-
tography columns. All of these are extremely time consuming
steps, cause substantial degradation of the expressed target
protein and require very large capital investment.

[0019] The instant invention combines all processes, more
particularly for target proteins like monoclonal antibodies, by
first capturing the expressed target proteins target proteins
using a chromatography media capable of binding the target
protein and then discarding the nutrient media and the bio-
logical culture; the complex of target protein and chromatog-
raphy media is then washed and finally eluted to obtained
highly purified form of target protein using a unitary down-
stream bioprocessing into which the bioreactors drain.

[0020] The present invention capitalizes on the recent avail-
ability of many resins that are capable of binding target pro-
teins in large quantities. Most modern resins will bind
between 20-125 mg of target protein per rot of resin. Many of
these resins are highly specific to the target proteins and many
of'them can be combined to remove any type and quantity of
a target protein from a solution by a simple process of physi-
cochemical binding that is strong enough to retain the target
proteins attached to the resin while the nutrient medium is
removed from the bioreactor. The art has also advanced sig-
nificantly in the field of target protein purification wherein we
now have a much better ability to elute these bound target
proteins from resins by adjusting the pH, the ionic strength or
other characteristics of the eluting buffer to break the binding
between the resin and the target protein. This allows removal
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of target proteins from a bioreactor as a highly concentrated
solution that is ready for further purification and in some
instances it can even be the final product for use.

[0021] Affinity chromatography is a separation technique
based upon molecular conformation, which frequently uti-
lizes application specific resins. These resins have ligands
attached to their surfaces, which are specific for the com-
pounds to be separated. Most frequently, these ligands func-
tion in a fashion similar to that of antibody-antigen interac-
tions. This “lock and key” fit between the ligand and its target
compound makes it highly specific.

[0022] Many membrane products are glycoprotein and can
be purified by lectin affinity chromatography. Detergent-
solubilized products can be allowed to bind to a chromatog-
raphy resin that has been modified to have a covalently
attached lectin.

[0023] Immunoaffinity chromatography resin employs the
specific binding of an antibody to the target protein to selec-
tively purify the target protein. The procedure involves immo-
bilizing an antibody to a column material, which then selec-
tively binds the target protein, while everything else flows
through.

[0024] Some of'the state of the resins binding technologies
include:
[0025] a. novozymes’s newly patented Dual Affinity

Polypeptide technology platform replaces Protein A
process steps with similar, but disposable, technology;
stimuli responsive polymers enable complexing and
manipulation of target proteins and allow for control of
polymer and target protein complex solubility, which
results in the direct capture of the product without cen-
trifuges or Protein A media, from Millipore Corp.;

[0026] mixed mode sorbents to replace traditional Pro-
tein A and ion exchange, for improved selectivity and
capacity with shorter residence times. These media, with
novel chemistries, include hydrophobic charge induc-
tion chromatography, such as MEP, and Q and S Hyper-
Cel from Pall Corp;

[0027] monoliths, involving chromatography medium as
a single-piece homogeneous column, such as Convec-
tive Interaction Media monolithic columns from BIA
Separations;

[0028] simulated moving beds, involving multicolumn
countercurrent chromatography, such as BioSMB from
Tarpon Biosystems;

[0029] protein G (multiple vendors);

[0030] single domain camel-derived (camelid) antibod-
ies to IgG, such as CaptureSelect from BAC;

[0031] new inorganic ligands, including synthetic dyes,
such as Mabsorbent A1P and A2P from Prometic Bio-
sciences;

[0032] expanded bed adsorption chromatography sys-
tems, such as the Rhobust platform from Upfront Chro-
matography;

[0033] wultra-durable zirconia oxide-bound affinity
ligand chromatography media from ZirChrom Separa-
tions;

[0034] Fe-receptor mimetic ligand from Tecnoge;

[0035] ADSEPT (ADvanced SEParation Technology)
from Nysa Membrane Technologies;

[0036] membrane affinity purification system from
PurePharm Technologies;
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[0037] custom-designed peptidic ligands for affinity
chromatography from Prometic Biosciences, Dyax, and
others;

[0038] protein A- and G-coated magnetic beads, such as
from Invitrogen/Dynal;

[0039] new affinity purification methods based on
expression of target proteins or MAbs as fusion target
proteins with removable portion (tag) having affinity for
chromatography media, such as histidine) tags licensed
by Roche (Genentech;

[0040] protein A alternatives in development, including
reverse micelles (liposomes), liquid-nutrient medium
extraction systems, crystallization, immobilized metal
affinity chromatography, and novel membrane chroma-
tography systems; and,

[0041] plug-and-play solutions with disposable compo-
nents (e.g., ReadyToProcess), process development
AKTA with design of experiments capability, and mul-
ticolumn continuous capture, from GE Healthcare.

[0042] It is surprising that while great advances have been
made in the design of resins available to capture target pro-
teins, these have been only used in the downstream process-
ing of purification. Adding resins to a crude mixture of target
proteins and host cells will be no different than the current
practice of art that teaches first concentrating the nutrient
media and then loading it onto columns with all of the impu-
rities in it.

[0043] Aimingatacell line that produces 1 mg/mlL. of target
protein and that the binding capacity of the resin used is 50
mg/mL, this will require 20 LL of resin when operating a 1000
L bioreactor. The cost of resins suitable for the manufacturing
of monoclonal antibodies can range from $15-$20,000 per
liter, such as Protein A. As aresult, most manufacturers would
rather run several sub-batches of purification using a smaller
quantity of the resin. However, given that these can be used
for hundreds oftimes, the cost is readily amortized for use and
avoids the tediousness and regulatory hurdles in preparing
sub-batches.

[0044] Thebiological components that may be processed in
accordance with the invention are described in the paragraphs
which follow and include, but are not limited to, cell cultures
derived from sources such as animals (e.g., hamsters, mice,
pigs, rabbits, dogs, fish, shrimp, nematodes, and humans),
insects (e.g., moths and butterflies), plants (e.g., algae, corn,
tomato, rice, wheat, barley, alfalfa, sugarcane, soybean,
potato, lettuce, lupine, tobacco, rapeseed (canola), suntlower,
turnip, beet cane molasses, seeds, saftlower, and peanuts) and
human. The only requirement is that the biological culture
used should express the target protein by secreting it in the
nutrient media as opposed to the formation of inclusion bod-
ies in some instances.

BRIEF DESCRIPTION OF THE DRAWINGS

[0045] FIG. 1 shows a cross-sectional side view of the
claimed downstream processing device.

DETAILED DESCRIPTION OF THE INVENTION

[0046] The instant invention provides a means of connect-
ing a plurality of pre-validated, smaller-scale bioreactors to a
downstream bioprocessing device holding a chromatography
media capable of binding the target protein in the nutrient
media of the bioreactors ready for harvesting.
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[0047] The nutrient media and the biological culture are
allowed to enter the downstream bioprocessing device caus-
ing the chromatography media to float upwards and thus
creating and expanded bed chromatography system. A sig-
nificant modification to the classical expanded bed chroma-
tography is provided in the instant invention wherein the
chromatography resin is kept in a continuous state of uniform
distribution throughout the container, a cylinder, that holds
the nutrient media, the biological culture and the chromatog-
raphy media. This modification is crucial to the success of the
downstream bioprocessing device and also to provide it to
operate unattended and automatically.

[0048] As the nutrient media and the biological culture rise
to the top of the downstream bioprocessing device, these flow
out while the chromatography media is held in the down-
stream bioprocessing device as a filter is installed in the
downstream bioprocessing device; the porosity of the filter is
smaller than the size of chromatography resin (generally
50-300 microns). By calculating the quantity of chromatog-
raphy media such as Protein A resin accurately through prior
experimentation of the binding capacity of the target protein,
one can assure that the entire quantity of target protein is
bound to chromatography media.

[0049] However, it is well-realized that a certain reaction
time is required for the binding to take place, so the flow rate
of nutrient media from the bioreactors into the downstream
bioprocessing device must be carefully controlled; one test
for the correctness of the flow rate is the measure of recom-
binant product concentration in the nutrient media that
reaches the top of the downstream bioprocessing device and
is decanted. A continuous monitoring of the concentration of
target protein will allow adjusting the flow rates. Generally,
the outflowing nutrient media should not contain more than
1% of the incoming concentration of the target protein; sam-
pling the incoming nutrient media and using it as a reference
while the nutrient media exiting the device is treated as a test
item determine this. Only when the ratio of the concentration
between in the incoming and outgoing media is 1:100 that the
nutrient media is allowed to flow through; generally a cut off
range will be 1:100 to 2:100 to conserve the maximum quan-
tity of target protein and provide the highest efficiency of the
device.

[0050] Once the entire nutrient media and the biological
culture is removed from a plurality of the bioreactors and
passed through the downstream bioprocessing device, the
bioreactors are sealed at the bottom outlet. The target pro-
teins-media complex in the downstream bioprocessing device
is washed by adding a washing buffer through an inlet at the
bottom of the device and allowed to flow out from the top port
until a pre-determined level of debris is removed. It is then
followed by introducing an elution buffer to break the bond-
ing between the media and the target proteins, either by pass-
ing the elution buffer through the bottom port and collecting
pure target protein solution through the upper port or by
allowing the chromatography media to settle down in the
downstream bioprocessing device and allowing the elution
buffer to pass through the compacted bed of the chromatog-
raphy media and collecting the pure solution of target protein
through the bottom port.

[0051] The above invention is operated in a manner where
only gravity flow is used to transfer the nutrient media from
the bioreactors to the downstream bioprocessing device by
placing the inlet port of the downstream bioprocessing device
below the level of the outlet port of the bioreactors. Placing
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the bioreactors around the downstream bioprocessing device
and using the same length of connecter tubes can uniformly
maintain the flow rates across many bioreactors. Obviously,
there are many mechanical means of transporting the nutrient
media to the downstream bioprocessing device and these
include use of various pumps that may equally be useful.
However, the use of gravity assures that the degradation of
target protein is minimized during the transfer process.

[0052] The claimed device has many unique and specific
features that are required for its optimal operation. It com-
prises a cylinder 1, a cylindrical, hard-walled container that
serves as the main processing space for the nutrient media and
biological culture 2 entering the cylinder 1 from a plurality of
bioreactors. The volume ofthe cylinder 1 is important in some
instances for one reason and is important for another reason in
another instance. When operating it to perform as an
expanded-bed chromatography system to capture and to
purity the target protein, the height of the cylinder 1 is impor-
tant to allow it enough dwell time as nutrient media flows
upwards through a column chromatography resin 3. The vol-
ume of cylinder 1 is optimally at least 1.5-3 times the volume
of chromatography resin 3 in the cylinder 1. Generally, an
optimal relationship of the diameter of the cylinder 1 and its
height would also be established from simple studies of the
efficiency of binding of a target protein to a chromatography
resin; these are specific binding reactions and whereas the
capacity of binding of the resin may be known, the rate of
binding will depend on many factors including the time
allowed for contact, temperature of nutrient media and the
agitation of the nutrient media. It should be realized that the
claimed device provides an expanded chromatography col-
umn to bind the target protein to the chromatography resin;
the longer is the time allowed to bind, the higher will be the
binding; however, physical limitations of the height of the
column and other considerations as discussed below pertain-
ing to purification of the target proteins will limit on the
height of the cylinder 1 used.

[0053] The chromatography resin 3 is retained in the cyl-
inder 1 by providing a bottom filter 4 that has a porosity
smaller than the diameter of the chromatography resin 3; this
would generally be 50-300 microns; note that in typical chro-
matography preparative column a much finer filter is used
requiring often application of pressure or requiring very long
times for a buffer to pass through a bed of chromatography
resin. The bottom filter 4 is kept in place by a bottom cap 5 that
can be removed for a complete cGMP cleaning of the device
and also to remove the chromatography media 3, which is
reused. The bottom cap 5 has a bottom liquid port 6, which
would generally be in the center of the cap; the bottom liquid
port 6 has a bottom sampling port 7, which in turn has a
bottom sampling port control valve 8 to start and stop flow of
nutrient media and a filter 9 to remove biological culture prior
to sampling. The bottom liquid port 6 has a bottom flow
control valve 10, and connected to a plenum 11 with a plu-
rality of ports 12 and control valves 13 attached to each of the
plenum ports 11; the plenum 11 is capable of being connected
to other bioreactors and sources of a washing or elution buffer
and also be used to allow a washing buffer or elution butler to
exit the device.

[0054] The top side of the cylinder 1 is also supplied with a
top filter 14 to retain the chromatography resin 3; the top filter
14 is kept in place by a top cap 15 that has at least one upper
liquid port 16 to which is connected an upper sampling port
17 and a upper sampling port valve 18 to start and stop
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sampling of the nutrient media and a filter 19 to remove
biological culture prior to sampling. The upper liquid port 16
is connected to an upper flow control valve 20, which then
discharges the nutrient media out and is also used to introduce
an eluting buffer in a packed column mode purification pro-
tocol.
[0055] Inside the cylinder 1 is installed an auger 21 con-
nected through an, auger shaft 22 to a motor 23 placed outside
of the cylinder 1; the shaft 22 passes through a sealed ball-
bearing 24 installed in the center of the top filter 14 and
through a hole in the center of the top cap 15; the bottom of the
auger shaft 22 rests in an auger shaft socket 25 that is embed-
ded in the bottom filter 4; this helps prevent wobbling of the
auger when it is rotated.
[0056] The auger 18 is a critical element of the claimed
invention; it is conical in shape wherein the larger blades are
in the bottom and smaller blades in the top. Since the goal of
using the auger is to provide a laminar movement of liquid
upwards, the ratio of the diameter of the blade at the bottom
and at the top is critical. Optimally, the bottom blade would
cover approximately 80% of the diameter of the cylinder 1
and the top blade would approximately be 20% of the diam-
eter of the cylinder 1. When rotated at slow speeds ranging
from 1-20 rpm, it creates a gentle movement of the nutrient
media from the bottom to the top in a sweeping motion that
keeps the flow of the nutrient media laminar. This creates, a
novel fluid bed of chromatography resin by keeping it uni-
formly suspended throughout the cylinder. Without this fea-
ture, the contact efficiency between the resin and the target
proteins target proteins is minimized and the efficiency of
capturing the target protein reduced. This becomes more
important as the chromatography resin becomes saturated
with the target protein. This element of innovation provides a
method of completely saturating the chromatography resin
while a fast flow of nutrient media is maintained.
[0057] It is important to maintain a Reynolds number (Re)
of'less than 10,000 in the cylinder; this number is determined
by five factors: the density, the viscosity, the diameter of the
agitator, the rotational speed of the agitator (rpm) by the
following equation in a stirred vessel:
Re=[(pND?)/11], where p the density is and p is the

viscosity; ND is velocity as D is the diameter and

N is the rotational speed (RPM) [R. K. Sinnott

Coulson & Richardson’s Chemical Engineering,

Volume 6: Chemical Engineering Design, 4th Ed
(Butterworth-Heinemann) page 473].

[0058] The cylinder 1 has additional means of heating or
cooling 26 to keep the nutrient media at an optimal tempera-
ture; it is noteworthy that the claimed device provide a con-
tinuous flow of the nutrient media but the flow rate is at a
slower speed and so it is possible to maintain a certain tem-
perature given the standard coefficients of heat exchange with
the wall of the cylinder 1. A variety of methods are described
and include using ajacketed cylinder 1, wrapping the cylinder
1 with a heating or cooling blanket, exposing the cylinder to
an infrared lamp when the goal is heat the contents and many
other devices widely available in the art.

[0059] The claimed device is vertically placed on a support
27 that is generally a ring stand but any other means suitable
to firmly place the claimed device in a vertical position would
work. It is noteworthy that the claimed invention utilized a
gravitational flow method of transferring nutrient media from
the bioreactors to the claimed device; for this reason, the
means of supporting 26 should be of such mechanical nature
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that it will allow the claimed invention to rest at a level lower
than the lowest part of the bioreactor from which the nutrient
media is removed and transferred to the claimed invention.
[0060] The target protein-harvesting and purification
device described in the figure above is generally used at the
end of the bioreactor cycle wherein a plurality of bioreactors
is simultaneously connected to the claimed device. The
amount of chromatography media contained in each device
would be easily calculated by the binding efficiency of the
target protein For example, Protein A chromatography media
shows a binding of 30-50 mg/ml. of the chromatography
media. Assuming a 1,000 L nutrient media is used in a 2,000
L bioreactor and the production cycle has come to an end, a
point where the CHO are no longer producing sufficient quan-
tity of target protein Further assuming that the productivity of
the recombinant cell line is about 1 G/L; thus, in this case,
there is about 1000 G of target protein in solution in the
nutrient media that is to be removed and purified.

[0061] On a theoretical basis, assuming a lower end of
binding of 30 mg/mlL., it will take about 33 L. of chromatog-
raphy media to bind substantially all of target protein in the
solution. It should be noted that while Protein A is rather
specific to monoclonal antibodies, it is likely that the binding
capacity of the chromatographic media will be compromised
because of binding of other components in the nutrient media.
This can be readily studied by withdrawing a small volume of
the nutrient media and adding to it incremental amounts of the
chromatography media used until the concentration of the
target protein in solution reaches to a pre-determined low
value. This would be called titrating the nutrient media.
[0062] The instant invention combines the processing of a
plurality of bioreactors, for example, as described above,
each requiring a 33 L. volume of Protein A to purify the target
protein. Assuming that the contents of five bioreactors are
combined, it will require 165 L of chromatography resin and
given that there should be at least twice the volume of the
main holding container, it will take a 230 L to process 50001
L of nutrient media; a traditional system of combining 5000 L.
media would be to combine the individual volumes in a 5000
L container, which is an expensive exercise. Instead, a con-
tainer less than 10% of the size is all that is required in the
instant invention.

[0063] Using the instant invention in the example above,
nutrient media from several bioreactors will be allowed to
enter the main container of the claimed device where the
target protein would bind to the chromatography resin as the
nutrient media rises from the bottom through a filter disk that
retains the chromatography media from leaving the con-
tainer; another filter at the top retains the media at the top end.
The key to a successful capture step is allowing flow nutrient
media at a rate that allows optimal binding. Gentle mixing is
critical to this invention and this provided by anovel design of
an auger blade that pushes the nutrient media upwards.
[0064] An optimal process would remove substantially all
of target protein from nutrient media; to assure this, the
instant invention introduces an automated system of control-
ling the flow control valves installed at both end of the device;
a dual sampling method where the incoming nutrient media
and the outgoing nutrient media are continuously sampled
and using the incoming nutrient media as the standard, it is
easy to calculate the quantity of target protein in the nutrient
media flowing out of the device and discarded. Should there
be a rise in the concentration of target protein in the drained
liquid, the valves close down and retain the nutrient media in
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the main container until complete binding is reached. Given
the large quantity of nutrient media flowing out, an automated
system described in the instant invention allows automated
operations, a key requirement to large-scale commercial
manufacturing.

[0065] The instant invention introduces a system of auto-
matically processing the batch wherein the concentration of
target protein is measured continuously in two points, the
point of entry and the point of exit for the nutrient media; the
samples are first filtered through a filter that retains any bio-
logical culture to reduce interference from suspended par-
ticles. The nutrient media from the entry point is used as a
reference sample and the nutrient media from the exist point
serves as a sample in a spectrophotometric detection device.
The technique of detection is widely available in the prior art
and is not claimed. (M. H. Simonian, Spectrophotometric
determination of protein concentration, Curr. Protocol. Cell
Biol, Appendix 3b, 2002). Absorbance measured at 280 nm
A(280) and 205 nm A(205) is used to calculate protein con-
centration by comparison with a reference but in the instant
invention the purpose is not to measure the concentration but
a relative concentration between the reference and the stan-
dard. Given that there are going to be dissolved impurities and
lysates and impure protein in the media, the A(280) and
A(205) methods can be used. A spectrofluorometer or a filter
fluorometer can be used to measure the intrinsic fluorescence
emission of a sample solution; this value is compared with the
emissions from reference solutions to determine the relative
concentration. There are two colorimetric methods: the Brad-
ford colorimetric method, based upon binding of the dye
Coomassie brilliant blue to the protein of interest, and the
Lowry method, which measures colorimetric reaction of
tyrosyl residues in the protein sample. However, the instant
invention does not limit the type of detection method used;
with evolving science of detection of proteins, it may be
possible to device a battery of tests including spectrophoto-
metric, fluorometric, infrared or lasers to provide a relative
measure of the concentration of the target protein in the
nutrient media.

[0066] Once the entire nutrient media has passed through
the container, a washing buffer is used to replace the nutrient
media to wash off the chromatography resin on a continuous
basis, following which an elution buffer is introduced in a
similar manner to collect purified target protein solution in the
outflow through the top liquid port. However, several other
methods of purification are available for use within the same
device design. One of them requires allowing the elution
buffer to stay in the container for a length of time to allow
complete breakdown of the binding between the chromatog-
raphy media and the target protein and then removing the
elution buffer through the bottom liquid port. Alternately, the
washing buffer can be drained out of the bottom liquid port
and the chromatography resin allowed to settle down as a
packed column when the elution buffer can be introduced
through the top liquid port and the elution buffer either as a
single buffer or in a gradient elution buffer allowed to pass
through the chromatography resin bed to collect various frac-
tions of the elution buffer and the fractions containing the
highest concentration and least impurities are combined to
provide the final processed product.

[0067] Inafirst embodiment, the instant invention provides
amethod of combining several sub-batches to produce a large
single batch in compliance with the US FDA CFR21 defini-
tions reducing the cost of production by allowing use of



US 2016/0237111 Al

smaller bioreactors, reducing the risk of a larger batch going
bad and eliminating the capital cost of bioreactors of several
sizes and also of a larger container to mix the contents of
several bioreactors. This novel approach makes it possible for
even small size companies to develop and manufacture large
commercial scale batches at the lowest capital and running
cost.

[0068] Theinstantinvention obviates the need for installing
larger bioreactors when larger quantities of target proteins are
produced. The regulatory compliance of mixing smaller sub-
batches to make a larger batch is met by allowing the contents
of a plurality of bioreactors to mix in a plenum prior to
entering the claimed device; secondly, as the entire contents
of a plurality of bioreactors is passed through the claimed
device containing a fixed quantity of a chromatography resin,
the captured target proteins target proteins constitutes a single
batch in a smaller quantity of volume and thus reducing the
problems related to handling large containers;

[0069] In asecond embodiment, the present invention pro-
vides a method of avoiding several steps in the harvesting of
target proteins including separation of cells, reducing the
volume of nutrient media and loading of chromatography
column, all of which add substantially to capital cost of equip-
ment, cost of running the equipment, lengthy times required
to complete these steps and causing degradation of target
proteins. In the present invention, a nutrient media containing
host cells and target protein are subjected to a non-specific or
specific treatment with chromatography media or a combina-
tion of chromatography media contained in the device that
would bind all or substantially all of charged or uncharged
molecular species, this step is followed by removing the
debris of cells and other components from chromatography
media-target protein complex by simply washing it with a
washing buffer. The present invention thus obviates a major
hurdle in the harvesting of products that involves filtering out
host cells using a fine filter, not larger than 5y, to retain host
cells such as Chinese Hamster Ovary Cells. When large vol-
ume of media is used, this process takes a very long time, adds
substantial cost of filters, pumps, containers and space man-
agement. This step is then generally followed by a concen-
trating step wherein the volume of nutrient media is reduced
most to one-tenth its volume using a cross-flow or micro
filtration process, which takes a very long time to complete
and again adds substantial cost of equipment and manpower
and in some instances causes degradation of target protein.
[0070] The instant invention combines these two steps into
one simple step. The argument that if it is the intent to harvest
and concentrate target protein from a complex mixture con-
taining host cells, why would it not be more efficient to
remove the target protein from the mixture instead of remov-
ing other components that are present in much larger quanti-
ties. This is what would be considered a contrarian teaching.
In the instant invention, those peculiar characteristics of tar-
get proteins are exploited to separate them from the rest of the
mixture by a non-specific binding to a chromatography media
or a mixture of chromatography medias. Obviously, such
non-specific capture of target proteins would also capture
other components of the mixture and that only requires using
amuch larger quantity of chromatography media or a specific
type of chromatography media that might have specific affin-
ity for the target protein.

[0071] The removal of target protein-chromatography
media complex is a much simpler process than the removal of
host cells or reduction in the volume of mixture; any mechani-
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cal process such as decanting, centrifugation or even filtration
would work. It is noteworthy that the slowest of all processes
would be filtration but even the much larger pore size filter can
be used and since the purpose is to collect the filtrate, not the
eluate, the cost of manufacturing is lowered substantially.
[0072] In athird embodiment, the instant invention allows
for the use of a expanded-bed chromatography system to
purity a target protein in the same container wherein the target
protein is captured. An expanded-bed chromatography sys-
tem allows for continuous operation of the claimed device
and provide automated controls to achieve the highest level of
capture and purification in an unattended operation.

[0073] Theinstant invention can also use a mixed-bed chro-
matography media that may contain an ionic chromatography
media, a hydrophobic chromatography media and an affinity
chromatography media all used together to optimize the effi-
ciency of harvesting. It is well established that the use ofionic
chromatography media does not allow complete capture of
products because of the logarithmic nature of ionization; a
combination of chromatography medias used in the instant
invention allows for a more complete recovery of target pro-
teins.

[0074] In a fourth embodiment, the present invention
allows purification of a target protein using standard column
purification and a gradient elution profile as well as step
elution profile; in this comparison, the claimed invention acts
similar to a conventional chromatography column with all of
its limitations yet without the lengthy steps of loading the
column.

[0075] In afifth embodiment, the present invention teaches
methods of gravity flow to transfer the contents of a bioreactor
to the claimed device; this reduces considerable strain on the
target protein is peristaltic pumps are used as it is customary
and thus increases the yield of production.

[0076] In an sixth embodiment, the present invention
teaches the use of a novel mixing component in the device
comprising preferably a conical auger that pushes the liquid
contents up while maintaining a laminar flow of the liquids
reducing strain on the target proteins target proteins and also
helping maintain the integrity of the chromatography media;
no prior disclosure the use of a mixing system for a chroma-
tography system.

[0077] The embodiments described above do not in any
way comprise all embodiments that are possible using the
instant invention and one with ordinary skills in the art would
find many more applications specific to a complex process or
even in those processes where such needs might not be imme-
diately apparent.

[0078] Prior art on using chromatography media to harvest
target protein is non-existent; the U.S. Pat. No. 7,306,934
issued on 11 Dec. 2007 to Arora et al., teaches the use of
porous solid ion exchange wafer for immobilizing biomol-
ecules, said wafer comprising a combination of an biomol-
ecule capture-chromatography media containing a transition
metal cation of +2 valence; it also teaches a separative biore-
actor, comprising an anode and a cathode, a plurality of reac-
tion chambers at least some being formed from a porous solid
ion exchange wafers (above) having a combination of art
biomolecule capture-chromatography media and an ion-ex-
change chromatography media and having a genetically engi-
neered tagged biomolecule immobilized on said biomolecule
capture chromatography media, each of said porous solid ion
exchange wafers being interleaved between a cation
exchange membrane and an anion exchange membrane, and
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mechanism for supplying an electric potential between the
anode and the cathode. The instant invention is significantly
different from the separative bioreactor taught by Arora. First,
the instant invention does not require use of electrodes, chro-
matography medias with a transition cation of +2 valence or
immobilized metal ion affinity chromatography. The use of
EDI (electrodeionization) and specific use of tags and limited
nature of solvents to remove the captured products mainly
enzymes makes this patent teachings distinctly different from
the instant invention. Moreover, the Arora patent adds a hard-
ware that adds to the cost of processing purification of prod-
ucts while the instant invention combines several processes
into one without adding any new cost element.

[0079] The idea of using expanded bed chromatography to
purity target protein is know in the prior art such as the U.S.
Pat. No. 7,608,583 that teaches purification of insulin using
an expanded bed chromatography. The novel aspect of the
instant invention is to combine the expanded bed chromatog-
raphy principles to a process that combines the contents of a
plurality of bioreactors, captures and purifies the target pro-
tein. However, providing the multi-functionality to a tradi-
tional chromatography requires several innovative modifica-
tions including a method retaining the chromatography resin
in the column at both ends, a means of mixing the contents in
the chromatography column and a set of ports and controls
that allow use of both step and gradient elution.

[0080] All references, including publications, patent appli-
cations, and patents, cited herein are hereby incorporated by
reference to the same extent as if each reference were indi-
vidually and specifically indicated to be incorporated by ref-
erence and were set forth in its entirety herein.

[0081] The use of the terms “a” and “an” and “the” and
similar referents in the context of describing the invention
(especially in the context of the following claims) are to be
construed to cover both the singular and the plural, unless
otherwise indicated herein or clearly contradicted by context.
The terms “comprising,” “having,” “including,” and “con-
taining” are to be construed as open-ended terms (i.e., mean-
ing “including, but not limited to,”) unless otherwise noted.
Recitation of ranges of values herein are merely intended to
serve as a shorthand method of referring individually to each
separate value falling within the range, unless otherwise indi-
cated herein, and each separate value is incorporated into the
specification as if it were individually recited herein. All
methods described herein can be performed in any suitable
order unless otherwise indicated herein or otherwise clearly
contradicted by context. The use of any and all examples, or
exemplary language (e.g., “such as”) provided herein, is
intended merely to better illuminate the invention and does
not pose a limitation on the scope of the invention unless
otherwise claimed. No language in the specification should be
construed as indicating any non-claimed element as essential
to the practice of the invention.

[0082] Preferred embodiments of this invention are
described herein, including the best mode known to the inven-
tors for carrying out the invention. Variations of those pre-
ferred embodiments may become apparent to those of ordi-
nary skill in the art upon reading the foregoing description.
The inventors expect skilled artisans to employ such varia-
tions as appropriate, and the inventors intend for the invention
to be practiced otherwise than as specifically described
herein. Accordingly, this invention includes all modifications
and equivalents of the subject matter recited in the claims
appended hereto as permitted by applicable law, Moreover,
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any combination of the above-described elements in all pos-
sible variations thereof is encompassed by the invention
unless otherwise indicated herein, or otherwise clearly con-
tradicted by context.

What is claimed is:

1. An expanded-bed adsorption chromatography method

for puritying a target protein in a protein solution comprising:

a. providing a chromatography column comprising a cyl-
inder capable of holding a liquid wherein the cylinder
comprises:

i. a top opening comprising a top filter covering a top
opening and a removable top cap to hold the top filter
in place comprising at least one top liquid port and a
top flow control valve;

ii. a top sampling port comprising a top sampling valve
connected to the top liquid port;

iii. a bottom opening comprising a bottom filter covering
the bottom opening and a removable bottom cap to
hold the bottom filter disk in place comprising a bot-
tom liquid port, a bottom flow control valve;

iv. a bottom sampling port comprising a bottom sam-
pling valve connected to the bottom liquid port;

v. a means of mixing the contents of the cylinder; and

vi. a plurality of sensors to disposed inside the cylinder
to measure turbidity of the target protein solution in
the cylinder.

b. connecting the bottom liquid to a source of a target
protein solution with approximate known target protein
content, in need for purification;

c¢. removing the top cap and adding to the cylinder a quan-
tity of a chromatography media sufficient to bind sub-
stantially all of the target protein content in the target
protein solution;

d. replacing the top cap and opening the top and bottom
flow control valves;

e. filling the cylinder with the target protein solution under
gravity or through peristaltic pumps through the bottom
liquid port;

f. closing the bottom flow control valve;

g. mixing the chromatography media to achieve a uniform
distribution in the cylinder as indicated by the measure-
ment of turbidity by the sensors and adjusting the speed
of mixing to achieve a uniform turbidity;

h. connecting each of the top and bottom sampling ports to
a flow cell of a spectrophotometer capable of measuring
the concentration of the target protein and turning on the
bottom flow control valve when the ratio of the concen-
tration in the top and bottom sampling ports reaches
about 1:100 and closing the bottom flow control valve
when the ratio reaches about 2:100;

i. maintaining the flow of target protein solution into the
cylinder and allowing the target protein solution to flow
out of the top liquid port;

j- closing the bottom flow control valve and the liquid ports
and disconnecting the source of target protein solution;

k. opening the bottom flow control valve to allow the target
protein solution in the cylinder to drain out through
bottom liquid port;

1. connecting the bottom flow control port to a source of an
elution buffer capable of breaking the binding of the
target protein to the chromatography media;

m. filling the cylinder with elution buffer;

n. closing the bottom flow control valve and begin mixing;
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0. continue mixing the contents of the cylinder for a desired
time to allow complete breaking of the binding between
the target protein and the chromatography media;

p- stopping the mixing;

g. opening the bottom flow control valve and the liquid
ports and collecting the elution buffer in a container as a
purified concentrated solution of the target protein.

2. The method according to claim 1, wherein steps (m) to
(q) are repeated when using more than eluting buffer succes-
sively in a step elution method.

3. The method according to claim 1, wherein steps (1) to (q)
are replaced by following steps:

a. opening the bottom flow control valve;

b. adding the elution buffer through the top liquid port at a

pre-determined rate;

c. allowing the eluting buffer to pass through the chroma-
tography media in the cylinder under gravity flow;

d. collecting the elution buffer as a plurality of timed frac-
tions as it appears through the plenum liquid port; and

e. pooling the fractions containing the highest concentra-
tion of the target protein.

4. The method according to claim 4, where the elution

buffer is introduced as a gradient elution buffer.

5. The method according to claim 1, wherein steps (q) to (v)
are replaced by the following steps:
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a. opening the top and bottom control valves;

b. starting the flow of an elution buffer through the bottom
port into the cylinder;

c. starting mixing;

d. allowing the eluting buffer to fill the cylinder and pass
through the top filter and collecting a purified form of
target protein in the outflow of the eluting bufter through
the top liquid port; and,

e. continuing the flow of the eluting bufter and collection of
a purified form of target protein until the concentration
in the collected eluting buffer reaches a desired level.

6. The method according to claim 1, wherein an automated
system controls the opening and closing of ports and valves,
mixing, and sensor measurements.

7. The method according to claim 1, wherein the cylinder is
heated or cooled to maintain a specific temperature.

8. The method according to claim 1, wherein the chroma-
tography media comprises a mixture of chromatography
media.

9. The method according to claim 9, wherein the chroma-
tography media comprises an ionic chromatography media, a
hydrophobic chromatography media, and an affinity chroma-
tography media, or a combination thereof.
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