PROJECT NARRATIVE
The overall goal of the proposed Phase IIB SBIR project is to commercialize an Integrated
Continuous and Single-use bio-production platform (ICS) for flexible and robust
manufacturing of therapeutic proteins. This novel platform will enable continuous, single-use, and
low cost purification of these products. Successful commercialization of the ICS system will lead
to at least a 50% reduction in production costs for life saving therapies that treat conditions such
The platform will also enable a rapid and
inexpensive scale up for therapies that address pandemic or bioterrorism events such as antibody
cocktails.

SPECIFIC AIMS
Continuous processing for monoclonal antibodies and other bio-therapeutics has been established as a
significant opportunity and unmet need in the bio-manufacturing industry. Commercial production of high-value
monoclonal antibodies (mAbs) is currently conducted almost entirely in batch or fed batch mode. The
transition to continuous processing is being strongly encouraged by the FDA whose director Dr. Janet
Woodcock predicted batch
in favor of cleaner, flexible, more
efficient
Our work on purifying commercially produced mAbs using Continuous
Countercurrent Tangential Chromatography (CCTC) [1-3] has overcome many of the limitations of batch
columns without the drawbacks of multi-column systems. The column-free CCTC system is operated
continuously with 5-10x greater productivity while using only a fraction of the resin volume required in batch
columns. In addition, the CCTC system is operated at low pressures (<20 psi) with an easy-to-use disposable
flow-path, simplifying validation and eliminating the risk of cross-contamination. To help develop and
commercialize the platform, NIGMS has awarded Chromatan a Fast-Track Phase II proposal 5R44GM11768203
Commercialization of Integrated Continuous and Single-use BioThrough these efforts we have established a laboratory perfusion bioreactor system and analytics; executed
CCTC protein A purification with excellent yield and product quality; initiated process automation strategies
with a new partner Proconex based on the DeltaV platform; developed a fully functional PAT system with
integrated in-line sampling and analytics; and developed a 2nd generation flow path with a membrane-less
device called the Dean Vortex Separator which enabled steady-state integration with long-term perfusion.
Finally, we have commercialized the CCTC pilot system and sold it to our first customer (MIT). Please
see Progress Report in the Innovation section of the Research strategy for more detailed information
The overall goal of the proposed renewal Phase IIB is to develop and test an integrated cGMP solution
that will enable commercialization of the (ICS) platform for production of monoclonal antibodies.
1. Develop a DeltaV-based process control software product that will be scalable for cGMP operations (in
collaboration with Proconex)
Milestone 1.1 Deploy scalable standalone process automation solution for a pilot scale CCTC system
Milestone 1.2 - Develop control software for ICS integration
2. Pilot scale demonstration of the integrated process with 2 nd generation CCTC flow path for mAb production
Milestone 2.1 - Run two, 15-day, ICS campaigns using Merck cell line to demonstrate feasibility
i. Product quality to be equivalent or better than column-based process, target yield >85%
ii. Demonstrate full resin utilization up to 100 cycles per batch
3. Demonstrate virus clearance capabilities of the pilot CCTC system.
Milestone 3.1 -- Develop standard operating procedures for evaluating viral clearance in CCTC using
mock MVM particles (in collaboration with Cygnus)
Milestone 3.2 -- Demonstrate equivalent log reduction in virus titer (within ±0.5 log-units) across the CCTC
protein A capture step using mock MVM particles as that obtained in a ProA column
4. Development and launch of stand-alone CCTC cGMP unit with DeltaV software package
Milestone 4.1 Execution of Design, manufacturing and in-house testing of the CCTC cGMP standalone
system by producing: 1) a prototype cGMP system, 2) an in-house data set with a mock purification, and
3) a commercial cGMP system for commercialization
5. Perform cGMP operation at customer site integrating perfusion bioreactor with the ICS system
Milestone 5.1 - Chromatan to obtain support from commercial partner to run ICS at a minimum of one
customer site. Candidates Merck, Roche and Takeda (see letters of support)
Milestone 5.2 - Process at least 200 Liters at 1 VVD (perfusion volume per bioreactor volume per day)
In addition, the Chromatan team will perform supplemental activities that are necessary for successful
commercialization (to be covered by supplemental funds) that will include: bioburden testing; dynamic
modeling; optimization of the 2nd generation flow path; extractable / leachable testing; cGMP documentation
and validation package development; as well as process economics.
The ICS system is a key step towards enabling fully continuous and steady-state bioprocessing. Integration of
perfusion and capture will be at the core of the next generation biomanufacturing facility we call NextGnBio
an incredibly lean POD-based and quick-to-launch facility which will enable rapid scale up to help address
pandemic and/or bioterror events while decreasing capital costs by 80% and operating costs by 40%. The
proposed facility will be fully disposable and easy to operate, making a significant positive impact to the
economics, development, and delivery of life-saving antibody therapies.

PROJECT SUMMARY / ABSTRACT
The overall goal of the proposed Phase IIB SBIR project is to commercialize an Integrated
Continuous and Single-use bio-production platform (ICS) for flexible and robust
manufacturing of therapeutic proteins. This novel platform will enable continuous, single-use, and
low cost purification of therapeutic proteins. Successful commercialization of the ICS system will
lead to at least a 50% reduction in production costs for life saving therapies that treat conditions
, and Rheumatoid Arthritis.
Continuous and flexible single-use processing for monoclonal antibodies and other biotherapeutics has been established as a significant unmet need. Dr. Janet Woodcock, Director
It is
predicted that manufacturing will change in the next 25 years as current manufacturing practices
are abandoned in favor of cleaner, flexible, more efficient
Significant bottlenecks in downstream processing as well as the explosive growth in the number
of therapeutics in development are the primary drivers of this unmet need.
The purpose of the ICS system will be to integrate two of the most promising flexible and
continuous technologies in the market
single-use perfusion and the novel single-use
purification system called Continuous Countercurrent Tangential Chromatography (CCTC).
CCTC has shown over 10X improvement in productivity vs. conventional columns with
equivalent product quality in multiple pilot studies.
Through our Phase II efforts the CCTC pilot system is now launched to the market with the first
sale booked in 2021. We were also able to develop a 2nd generation flow path that will utilize 3D
printed Dean Vortex Separators as well as specially developed large pore size membranes
enabling long-term and fouling free operation of the ICS system.
The Phase IIB effort will focus on finalizing the pilot scale integration of the ICS framework and
scale up of the platform to cGMP. The program will be supported by multiple strategic partners
Proconex for automation, Purolite for resin manufacturing, and NewAge Industries for single-use
and 3D printing. The project will also be supported by large biopharma players that have already
invested into our technology Merck, Roche and Takeda.
Overall, commercialization of the ICS system will have the following impacts on bio-production:
1. Continuous operation will lead to lower capital cost and lower equipment footprint.
2. Single-use and closed system features will reduce capital cost, enable flexible
manufacturing, and eliminate cleaning and cleaning validation requirements.
3. True steady state operation will enable in-line process monitoring of bioreactor and
purification performance, leading to better robustness and product quality.
4. ICS flexibility will enable manufacturers to launch processes faster and at a lower cost
resulting in better availability of life saving therapies to patients around the world.
The ICS system will be a key component of the next generation vision we call NextGnBio a
quick-to-launch POD-like facility based on a joint vision with GCON. NextGnBio will save over
80% in capital, 50% in operating costs and enable a 50% acceleration of rapid scale up of life
saving medicines.

RESEARCH STRATEGY
(a) SIGNIFICANCE
The potential advantages of moving to fully continuous and flexible single-use processing for monoclonal
antibodies (mAbs) and other bio-therapeutics have been well-noted over the past decade following the
presentation by Dr. Janet Woodcock, Director of the FDA Center for Drug Evaluation and Research, at
a 2011 AAPS meeting:
It is predicted that manufacturing will change in the next 25 years as current manufacturing
practices are abandoned in favor of cleaner, flexible, more efficient continuous
.
The need to adopt continuous manufacturing processes is even more pronounced with the potential
development of mAb, both of which are predicted
to have ten times the patient populations of current mAbs that target cancer and arthritis [9]. A similar
situation exists for mAbs used to treat pandemic viral infections. For example, the average dose in recent
clinical trials of five different mAbs for treating Covid-19 ranged from 3.4 to 8.4 g per patient
(clinicaltrials.gov Appendix A). This would require hundreds of metric tons (MT) per outbreak even if
only a small percent of the population is treated [4]. This would far exceed the production global capacity
of all available batch manufacturing facilities [5]
The biopharmaceutical industry has responded to these challenges with significant advancements in
membrane technology. For example, large pore size hollow fiber membranes have been incorporated in
Alternating Tangential Flow filtration systems for cell retention / recycle, allowing perfusion bioreactors to
operate continuously for more than 2 weeks without any cleaning or membrane regeneration [10].
Countercurrent staged diafiltration processes have been developed for antibody formulation; these
systems require less buffer than traditional batch diafiltration processes and they have been operated
continuously for more than 24 hr using even concentrated protein solutions [6].
Despite these advances, the key chromatography steps required to obtain the high levels of purification
in mAb processing are still conducted in either batch or cyclical operations. In both cases, much of the
at any instant in time (lowering the overall productivity
of the system), the mAb remains bound to the resin for relatively
long residence times (potentially contributing to the formation of
high molecular weight aggregates), and the concentration and pH
of the eluted product stream vary with cyclically time (significantly
complicating the development, operation, and control of a
continuous manufacturing process).
Chromatan Corporation has leveraged support from NIGMS
(Phase II grant 9R44GM108259, and Fast Track Phase II
R44GM117682) to develop Continuous Countercurrent
Tangential Chromatography (CCTC), the only commercially
available R&D platform for truly continuous, steady-state,
chromatographic separations (Figure 1). CCTC performs all of the
chromatographic operations (binding, washing, elution, stripping,
and regeneration) on a flowing slurry containing the resin of
interest. Our recent work has demonstrated this technology with
Protein A affinity resins, cation and anion exchange resins, and
mixed mode resins using real process streams provided through
partnerships with several large biotechnology players including
Roche, Merck, and Takeda (see attached letters of support).
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The overall goal of the proposed work is to develop
a fully scalable cGMP CCTC system with DeltaVbased process control software to be integrated
with a mAb producing perfusion system (ICS) that
will form the basis for a revolutionary mAb
manufacturing platform that we call NextGnBio -- a
fully continuous bioproduction facility that will be
able to produce over a ton of antibody in a POD-like
and quick-to-launch facility with a floor space less than
10,000 sq feet. Initial economic analysis indicates that
this type of facility would enable capital cost reduction
of up to 80% and cost of operation reduction of 4050% vs conventional facilities while providing the
capability to produce very large demand mAb
cholesterol, and pandemic pathogens.

Figure 2

engineering group (see letter of support) to size a fully
integrated and continuous NextGnBio production
facility.

Figure 2. NextGnBio facility
blueprint co-developed with
GCON

This new technology will provide significant improvements in the following aspects of biological
manufacturing:
1. Continuous purification: This integrated system will be able to operate in continuous mode for
more than 45 days. Since the outlet product concentration is at true steady state -- unlike
simulated moving bed or periodic countercurrent chromatography systems -- this integration will
facilitate subsequent processing steps and enable direct feedback control of the bioreactor.
2. Single-use design: The flow-path in the CCTC system is completely disposable and can thus be
applied in highly flexible single use manufacturing platforms.
3. Elimination of column packing and cleaning validation: CCTC will significantly reduce the
cost and complexity of validation because it uses a sterilizable and disposable flow path,
eliminating the need for cleaning studies.
4. Significant cost savings: Reduce both the capital investment (by ~70-80%) and operating cost
(by ~40-50%), resulting in a significant reduction in the overall cost of production for protein
therapeutics.
The specific objectives of this proposal are:
1. To develop and demonstrate a pilot-scale system that integrates the operation of a perfusion
bioreactor with CCTC employing a second-generation Dean vortex separation system that
eliminates fouling
2. To develop a DeltaV-based process control system, in collaboration with our partner Proconex,
that can control the operation of the integrated bioreactor, cell retention, and CCTC systems
3. To develop viral validation methodology with a mock viral particle (partner Cygnus) and evaluate
viral clearance capabilities of the anion exchange CCTC step
4. To develop and launch stand-alone CCTC cGMP unit with DeltaV software package
5. To perform cGMP operation at customer site integrating perfusion bioreactor with the ICS system
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(b) INNOVATION
1st Generation CCTC
Continuous Countercurrent Tangential Chromatography (CCTC) is a patented technology for antibody
purification (Shinkazh, U.S. Patents 7,947,175, May 2011; 7,988,859, August 2011). The backbone of
the first generation CCTC system is a combination of static mixers and hollow fiber (HF) membrane
modules. This process utilizes the resin in the form of a flowing slurry with particle size of 20-50 µm in
diameter. The HF membranes retain the large resin particles while products (or contaminants depending
on the step) flow through and are collected / removed in the permeate. The buffers flow countercurrent
to the resin slurry in a multi-stage system for each of the binding, washing, elution, stripping, and
equilibration steps. The CCTC system has low pressure operation (<20 psi), and the flow path is fully
disposable. A schematic of the CCTC system is shown in Figure 3.

Figure 3. Schematic of the CCTC system. The system consists of six steps: binding, wash-1, wash-2, elution,
stripping, and equilibration. Each step consists of several stages. The elution step, which is illustrated with three
stages, is shown in the inset under the dashed line. Each step is made of static mixers and hollow fiber membrane
modules. The micro-porous hollow fiber membranes retain the large resin particles while letting all dissolved
species like proteins and salts pass through the membrane into the permeate. The buffers used in the binding,
washing, elution, stripping, and equilibration steps flow countercurrent to the resin slurry in the multi-stage system,
enabling high resolution separations while reducing the amount of buffer needed for protein purification.

Progress Report from Phase I and Phase II research
Chromatan has been a recipient of a Fast-Track Phase II proposal 5R44GM117682-03 titled
Commercialization of Integrated Continuous and Single-use BioOur
goal was to commercialize the column-free purification system that we have developed called CCTC and
launch the technology commercially. Our secondary goal was to demonstrate integration of our platform
with a lab scale perfusion reactor in a fully integrated unit (ICS) for mAb production that includes in-line
process analytics. Our progress on these efforts is summarized below.
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ICS pilot development
We established a perfusion bioreactor system integrated with BioSep acoustic cell separation technology
(from Applikon) and demonstrated stable mAb production with a cell line provided to Chromatan by
Merck. Figure 4 shows an image of the system and its performance

Figure 4. Applikon 3 L perfusion
bioreactor integrated with BioSep
cell separation system; high viability
and and cell count up to 18 million
cell/ml were obtained. mAb
productivity was 0.5 g / L per day
In parallel, after forming a partnership with Purolite (see letter of support), we developed a custom CCTC
resin that enabled faster kinetics and higher binding capacity vs conventional protein A resins. This
custom particle was specific to CCTC with smaller particle size (25 µm), lower crosslinking density, and
higher porosity. Figure 5 shows the kinetics curves of the conventional resin (blue) and custom resin in
a slurry form. The data shows a 50% increase in binding
capacity and a 2X increase in kinetics (time to bind 95%
of the mAb). This enabled the Chromatan team to run an
extremely efficient CCTC process.
We then developed the protein A CCTC purification
process and purified the mAb with high yield, excellent
product quality and the highest ever reported productivity
for a resin based chromatographic process of 140 g of
mAb / L of resin / hr. The work was co-published with
Merck [6] and presented at multiple conferences. Please
note t
we were not able to obtain a letter specific to this proposal
due to delays with Merck legal. We did, however, receive
permission to use the older letter which shows continued
support and excitement from the Merck team.
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Figure 5. Kinetics curves comparison Purolite off-theshelf (blue) and custom resin particle (orange)

Development of the Dean Vortex Separator (DVS) and 3D printing framework
Over the course of our work on the ICS system we determined that the membrane-based flow path was
highly effective for short-term (several hr) fed-batch processes but was not able to provide long-term
integration with the perfusion bioreactor because of gradual fouling of the microporous hollow fiber
membranes. This limited total operation of the integrated system to <24 hours which is significantly
shorter than a typical perfusion process time of 15-30 days.
We have now developed a novel solution to this problem our second generation flow path based on
Dean Vortex Separators (DVS) a membrane-less device that separates resin particles via Dean vortices
generated by flow through a curved micro-channel. DVS staging design is then combined with a newly
developed Repligen large-pore size hollow fiber membrane (one per CCTC step) which recaptures any
residual resin particles that pass through the DVS and recycles them, providing 100% overall efficiency
but without fouling (the pore size of this membrane is >4 µm). This second generation flow path was
shown to effectively process highly fouling solutions for several days with minimal impact on pressure
drop. At this time, we have demonstrated the effectiveness of this device on a small scale. We believe
that this 2nd generation system will effectively fulfill the goals of the original project for design and
operation of a fully integrated mAb capture system with a perfusion bioreactor. We should note that part
of this work was financed by NIIMBL in partnership with Merck and Roche.
The IP for using the DVS devices for protein purification is now licensed by Chromatan out of PARC (exXerox). The Chromatan team filed our own patent for using the DVS devices within the framework of
CCTC (10,859,542, December 2020; and 20200030717A1, published January 2020). Figure 6 (a) shows
a typical DVS device 3D printed using high resolution DLP technology (Asiga). It should be noted that
our partners and investors from NewAge Industries (see letter of support) are developing a cGMP
compliant 3D printing resin which will be going through extractable and leachable testing protocols. This
is an exciting development for our industry which will enable cGMP scale up of 3D-printed parts and
specifically our DVS devices. Figure 6 (b) shows a typical DVS chromatography step with high pore size
recapture membrane for resin recovery:

(a)

(b)

Figure 6. (a) A single DVS 3D printed device (b) Step design with 4 DVS stages, a static mixer for
residence time control and large-pore membrane for resin recapture
In preparation for this submission, the Chromatan team ran an accelerated 24 hour CCTC test with the
2nd generation DVS based flow path using feed material from Roche a bi-specific antibody prone to
high levels of aggregation. The accelerated test was meant to mimic a challenging 5-day ICS experiment
in 24 hours. We ran at 5 ml/min feed rate (the ICS system will have a 1 ml/min feed rate from running a

5

1.5 Liter bioreactor at 1 VVD). The reason why we modeled a 5-day ICS run is because we anticipate
that every 5 days the ICS system would be breifly paused for resin reloading (after 100 cycles) and
possible recapture membrane replacement if needed.

(a)

(b)

Figure 7. Pressure profiles of binding (a) and elution (b) steps with 2 nd
generation CCTC
There was no measurable fouling of the DVS spirals in any of the chromatographic steps
these
membrane-free separators have been shown to be free from fouling under all studied experimental
conditions. Figure 7 shows that even under these accelerated testing conditions and with a challenging
feed stream that contained high aggregate content, the worst performing CCTC step (elution) only saw
about 7 psi pressure increase in the hollow fiber membrane. This would translate to a 15 day operation
with about 20 psi pressure increase. However, the ICS system would most likely be stopped after 5 days
for resin reloading with the opportunity to exchange a mildly fouled membrane such as the one found in
this elution step for a fresh membrane. The other metrics evaluated during this test were 85% yield and
a productivity of 24 g mAb / L of resin / hr. The productivity was on the lower end compared to our previous
results because we used an off-the-shelf resin for this run rather than the more efficient small particle
size Purolite resin due to limited availability of this new resin. However, even with conventional particle
size resins, the productivity is still at least 2.5 X higher than typical column-based processes. Overall this
testing shows the incredible potential of the 2 nd generation CCTC technology to scale to cGMP and help
transform the biomanufacturing industry.
Commercial Development of CCTC Pilot system
Our efforts during the Phase IIB project led to the commercial development and launch of the CCTC pilot
system. In addition:
1. We formed a new partnership with Proconex a company that provides Emerson DeltaV
process automation solutions throughout the biopharmaceutical industry (see letter of
support). Our teams are currently co-developing a commercial DeltaV package for
automation and control of CCTC that is compatible with existing process control units that
have been implemented in industrial bioprocesses.
2. We developed a fully functional PAT system with a Numera sampling device directly
integrated with UHPLC for at-line analysis of critical quality attributes (CQA) including both
mAb concentration and level of high molecular weight (HMW) species.
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(b)

(a)

Figure 8. (a) Numera and UHPLC
systems; (b) CCTC Pilot system with
fully integrated Numera and UHPLC
3. We sold our first unit to our first customer

MIT (see letter of support from Dr. Braatz). The

complement the goals of this project through the development of sophisticated dynamic
models of the CCTC process which will aid in process predictions, control, and economic
evaluations.
The longer term development of
this 2nd generation CCTC
technology
will
result
in
launching a new type of mAb
manufacturing platform that we
call NextGnBio
a fully
continuous bioproduction facility
that will be able to produce over
a ton of antibody in a POD-like
and quick-to-launch facility with
a floor space less than 10,000
sq feet (Figure 2, see letter of
support from GCON). A typical
process (Figure 9) would employ
1000 L single use perfusion
bioreactors with cell retention
using
either
alternating
tangential flow filtration (ATF) or
the BioSep acoustic
cell
separator, followed by depth
filtration for final clarification.
The purification train would
involve
Protein
A,
anion
exchange (flow through), and
cation
exchange
chromatography
steps,
all
performed with CCTC.

Figure 9. Proposed NextGnBio process train based on 1,000 L
perfusion and 3 next generation CCTC systems
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Single pass tangential flow filtration (SPTFF) would be used both for inline preconcentration and for final
formulation. Continuous viral inactivation using low pH would be conducted using a viral inactivation
reactor [8], with additional viral clearance obtained using virus filtration. The formulated drug substance
can be packaged on-site using appropriate fill-finish operations, or the drug substance can be sent to a
3rd party manufacturer that specializes in drug packaging.
Our projection is that this type of facility would enable rapid scale up (6-9 months instead of 15-18 months
for typical facility launch), capital cost reduction of up to 80% and operational cost of goods reduction of
40-50% vs conventional facilities.
(c) APPROACH
The proposed efforts during this project are designed to scale up and commercialize the first of its kind
system for integration of a perfusion bioreactor with a fully continuous and disposable capture operation
for monoclonal antibody manufacturing (ICS).
The proposed effort has two phases. During the first phase (pilot development) we will finish the
development and demonstrate the operation of a scalable pilot ICS solution. For this we are asking the
agency to help fund our efforts for the development of a DeltaV-based process control solution for both
the stand-alone system and ICS integration (This work will be partially sponsored by our strategic partner
Proconex with in-kind investment, see letter of support). Once this is finished, we will perform several
fully automated ICS demonstration runs at pilot scale. We already have access to a mAb producing cell
line (courtesy of Merck), and have developed our perfusion bioreactor and analytical capabilities (as
shown in the project update section above). We have also developed the 2nd generation flow path based
on the DVS device which will enable integration with long-term perfusion operations (see project update).
We would need to hire a new cell culture engineer, because the scientist that was previously responsible
for cell culture operations at Chromatan has recently accepted another offer.
In year 2, the pilot development will continue to include the first evaluation / demonstration of viral
clearance capabilities of CCTC. Our primary goal will be to develop an effective strategy to guide our
customers into how to perform viral clearance studies with the CCTC system. We have obtained support
from Cygnus (see letter of support) to help us design and execute such studies with their discounted
MockV kits that were designed for the purpose of enabling viral clearance testing in BSL1 environments.
The next part of this effort involves scaling up the CCTC platform to cGMP and demonstrating ICS at a
customer site. We will be using the GAMP 5 framework for the scale up exercise. Once the prototype
system is built and tested at the Chromatan location, we will bring the ICS system to a customer site. The
current candidates for this work have submitted their letters of support (Merck, Roche and Takeda). The
successful demonstration of the cGMP ICS system will open doors for wide acceptance of the platform
within the bioprocessing community as well as enable further commercialization efforts of our NextGnBio
vision - a fully closed and continuous POD like facility that will decrease time to manufacturing, cut capital
costs by up to 80%, and save approximately 50% on operating costs for production of life-saving
therapies.
AIM #1
Develop a DeltaV-based process control software product that will be scalable for cGMP
operations (in collaboration with Proconex)
Milestone 1.1
system;

Deploy scalable standalone process automation solution for a pilot scale CCTC

Milestone 1.2 - Develop control software for ICS integration
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Our strategy for the completion of this aim relies directly on the strategic partnership that we have
developed with Proconex. Proconex has a very extensive history building continuous process automation
systems for both pilot plants and cGMP facilities. We will begin by finalizing a fully automated solution for
the pilot CCTC unit which will be based on the DeltaV Discovery platform. The Discovery platform is
specifically designed to seamlessly scale between lab/pilot systems and cGMP operations, which is a
unique offering of the DeltaV platform. This work has already started, and we are making excellent
progress. The automation phases under development include the following:
1.
2.
3.
4.
5.
6.
7.

Sensor calibration phases (pumps, pH and conductivity meters, and flow meters)
Automated system buffer fill phase
Automated resin fill phase
Automated CCTC run mode phase
Automated system alarm (triggering bypass with pressures exceeding 35 psi)
Automated resin recovery phase
Automated shutdown phase

The software development also includes top of the line data acquisition solutions and cGMP compliant
security precautions for data security and operator access.
The platform automation development will include a vision beyond the ICS (where only the bioreactor is
integrated with the capture step) to a fully integrated pilot plant (NextGnBio) shown in Figure 10. The
overall control framework will include collecting data from the bioreactor, CCTC units and our integrated
PAT tools (the Numera inline
sampling
system
coupled with UPLC and
cell culture analyzer for
automated in-line sampling
solutions). We anticipate
that the data from the inprocess analysis will be
used to adjust process
parameters for both the
bioreactor and CCTC units.
As examples, we could
adjust
bleed
rates,
metabolite additions and
perfusion rates for the
bioreactor, while the CCTC
operations
could
be
Figure 10. Proposed NextGnBio automation and PAT
controlled
based
on
product loading, buffer
strategy
flowrates
and
in-line
dilution conditions.
AIM #2
Pilot scale demonstration of the integrated perfusion process with 2 nd generation CCTC flow
path for mAb production
Milestone 2.1 - Run two, 15-day ICS campaigns using Merck cell line to demonstrate feasibility
i.
Product quality to be equivalent or better than column-based process, target yield >85%
ii.
Demonstrate full resin utilization up to 100 cycles per batch
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Figure 11. ICS system

The CCTC bioreactor system (Applikon) will be
used with the BioSep cell separation system as
described in our previous work. Working volume
will be 1.5 Liters with 1 VVD exchange rate
(approximately 1 ml/min). Alternatively, we may
explore use of the Repligen KrosFlo TFF system
for cell retention. The cell culture effluent stream
will be further filtered with a depth filtration and
sterile filtration unit which will be designed to be
swapped out in a sterile manner upon fouling
(determined based on turbidity breakthrough or
pressure increase). The pH and oxygen level of
the bioreactor will be monitored and controlled
continuously using the gas partial pressures. We
may also include an automated bleed protocol
based on further development. The mAb outlet will
be monitored continuously using UV A280. In
addition, the product stream will be continuously
sampled by the Numera system and analyzed by
SEC UHPLC to monitor mAb aggregates and
yield. The CCTC operation will use a custommade agarose-based protein A resin from Purolite
(see letter of support).
We anticipate running for at least 5 days of
uninterrupted operation. After 5 days (if we are
running approximately 1 resin cycle per hour), the
CCTC system will be briefly paused for a
sanitization cycle and resin exchange (to replace
the spent resin). The surge tank shown in Figure
11 will be used to collect perfusate while the
CCTC system is being sanitized.

The eluate product will be continuously collected and analyzed throughout the runs. We anticipate >90%
yield and at least equivalent product quality to a column-based process. Offline assays will quantify the
product purity including HCP, DNA and leached proA levels. We anticipate <1000 ppm of HCP and at
least a 2-log reduction of DNA by the Protein A step in the ICS purification system.
AIM #3
Viral clearance is a key safety feature of cGMP manufacturing environments. Stringent validation studies
are required to ensure effective removal of both endogeneous retroviruses and adventitious parvovirus
by the manufacturing process. Although the bulk of the virus clearance in mAb processing is achieved
by virus inactivation (typically a low pH hold) in combination with virus removal filtration, several previous
studies have demonstrated that chromatographic operations can also provide significant levels of virus
removal [11, 12]. Many manufacturers quantify and validate the viral removal capabilities for both the
protein A capture and anion exchange polishing operations as part of the overall virus clearance
documentation. The primary goal of this aim will be to develop an effective strategy to guide our
customers regarding how to perform viral clearance studies with the CCTC system. We have obtained
support from Cygnus (see letter of support) to help us design and execute such studies with their
discounted MockV (mock Minute Virus of Mice) kits that were specifically designed for the purpose of
enabling viral clearance testing in BSL1 environments.

10

Demonstrate virus clearance capabilities of the pilot CCTC system.
Milestone 3.1 -- Develop standard operating procedures for evaluating viral clearance in CCTC
using mock MVM particles (in collaboration with Cygnus)
Milestone 3.2 -- Demonstrate equivalent log reduction in virus titer (within ±0.5 log units) across the
CCTC protein A step as that obtained in a ProA column using mock MVM particles
Virus clearance experiments will be performed in batch mode using a stand-alone Protein A CCTC step
using both conventional (50 µm) and small particle size (20 µm) resins. The non-infectious MockV virus
particles will be spiked into the clarified cell culture fluid at a concentration of approximately 10 8 particles
/ mL. 1 L of feed will be processed through the CCTC system with grab samples of the eluted product
collected every 30 min for evaluation of the virus titer by Immuno-qPCR [14]. Virus titer will also be
evaluated from the entire product pool, with the log-reduction value calculated as:

Since virus clearance by Protein A is very product-specific [11], parallel experiments will be performed in
a packed column using the conventional Protein A resin; it is not possible to perform column
chromatography at appropriate flow rates using the small particle size resin due to the very large pressure
drop. LRV data for the CCTC system will be compared with that for the packed column to demonstrate
comparability in virus clearance.
AIM #4
Development and launch of stand-alone CCTC cGMP unit with DeltaV software package
Milestone 4.1 Execution of Design, manufacturing and in-house testing of the CCTC cGMP
standalone system by producing:
1) a prototype cGMP system
2) an in-house data set with a mock purification and
3) a commercial cGMP system for commercialization
Our cGMP scale-up process will be performed according to the rules of the common industry practice
called GAMP 5 [13]. We will start with a systematic evaluation of design features and sensors including
robustness testing of all the system components and hardware. We are confident that the hardware and
embedded code used on the CCTC pilot system will be applicable to the cGMP version of the system;
however, we will most certainly need to re-evaluate and scale-up key sensors including flow meters, pH
sensors, conductivity and in-line UV. We will also need to analyze which pumping technology to consider.
Currently the CCTC pilot system uses peristaltic pumps, however, there may be better alternatives for
more robust performance at cGMP scale such as such the MagLev technology from Levitronix which
shows low pulsation / low shear and seamless integration with in-line flow meters that could be a
significant advantage for process control at cGMP. We will be supported in these endeavors by
experienced consultants from Warlow (see letter of support) and well as our strong scientific advisory
board.
Once the prototype system is built, it will be tested in house using model binary purification tests (for
example using a BSA / myoglobin system) to make sure that all of the key functionality is in place. We
will then ship the system for CE and UL compliance testing to enable legal sales in the US and Europe
(this would be accomplished using supplemental funding outside of the NIH). After the prototype system
is fully tested, we will manufacture the finalized cGMP unit and market launch the CCTC cGMP compliant
system.
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AIM #5
The goal of this aim is to perform extensive testing of the cGMP ICS unit at a customer site. It is likely
that this testing would be preceded by at least a single pilot test during year 1. This would be performed
outside of the efforts funded by NIH. The success of this test would open a gateway for scaled up
commercialization activities of the CCTC, ICS and ultimately the NextGnBio platform. We fully expect to
co-publish this research with our commercial partner(s) (see letters of support from Merck, Roche and
Takeda). The testing protocols and logistics will largely be determined by the customer, however, we will
target a long-term ICS test at 200 L bioreactor scale.
Perform cGMP operation at customer site integrating perfusion bioreactor with the ICS system
Milestone 5.1 - Chromatan to obtain support from commercial partner to run ICS at a minimum of
one customer site. Candidates Merck, Roche and Takeda (see letters of support)
Milestone 5.2 - Process at least 200 L at 1 VVD (perfusion volume per bioreactor volume per day);
Target productivity of at least 50 g of mAb/liter of resin / hr and better or equivalent product
quality vs column purification in terms of HCP, DNA and leached proA
There are several important supplemental activities that are necessary for successful commercialization
which will be performed with supplemental funds and through appropriate partnerships. Resin
optimization will be performed with the help of Purolite; validation package development will be performed
with the help of Proconex; process economics studies will be performed through
collaboration with Biopharm Lmtd (see letter of support); and extractable/ leachable studies will be
conducted via our collaboration with NewAge Industries (see letter of support). In addition, the Chromatan
team will explore bioburden reduction strategies such as loading resin in presterilized solution or with
bioburden reducing agents. The following table lays out the approximate timeline for the Phase IIB effort:

Aim
1

Phase IIB Program Activities

Year 1
Q1

Q2

Q3

Year 2
Q4

Q1

Q2

Q3

Q4

Delta V based Control development
Standalone CCTC system control
ICS Control system development

2

ICS pilot scale demonstration
Run 2 ICS campaigns

3

Viral clearance studies
SOP development
Demonstration of CCTC viral clearance

4

Standalone CCTC cGMP system launch
Building the prototype
In-house data set generation
Commercial unit manufacturing and validation
cGMP ICS testing at customer site

5

The Chromatan team is truly excited to present our proposal to the agency. We are thrilled to be at the
forefront of innovation in such an important industry with a solution that can truly transform both clinical
and commercial manufacturing of life-saving therapies.
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Commercialization History
We hereby state that Chromatan has not received more than 15 SBIR Phase II awards in the past 5
fiscal years.
Chromatan has been awarded a fast track Phase II award for $1.7 Million with an additional
administrative supplement for $225,000;
Project Title: Commercialization of Integrated Continuous and Single-use Bio-production Capture
Platform (ICS)
Project Period 03/15/2017 - 02/28/2021
Name of Funding Agency

NIGMS

Application number 5R44GM117682-03
Phase III funding ($2.1 Million) was obtained from multiple angel and small Venture Capital firms.

As part of our Phase II program and other technical and commercial activities, Chromatan Corporation
has accomplished a number of crucial milestones that will enable the successful commercialization of
ICS and the Phase IIB effort:
1. Graduation from business incubation in 2019 and establishing new headquarters in Springhouse
Innovation Park, Lower Gwynedd, PA
2. CCTC pilot system launch and first sale to MIT in 2020 (see letter of support)
3. Successful development of an in-house bioreactor and perfusion platform
4. Successful development of the 2nd generation CCTC flow path using Dean Vortex Separators
for prolonging system performance and enabling long-term integration with perfusion
5. Bringing on-board 3 strategic industry partners:
a. Proconex investor, partner on co-development of DeltaV based controls (see letter)
b. NewAge Industries investor, partner on co-development of single-use and 3D printing
solutions (see letter)
c. Purolite joint research program partner, co-publisher on the development of unique
chromatography resin specifically suited for CCTC.
6. Successful multi-million dollar fundraising campaign (Series A) netting over $2.1 Million in
funding over the past 3 years.
7. Major engagements with federal agencies such as the NIH, FDA, BARDA and NIIMBL which
resulted in over $6 Million of support with grants and contracts since company inception
8. Four granted patents on CCTC module, system, methods and next generation applications
9. Six published papers on the CCTC system in peer-reviewed journals
The Phase II award also resulted in creation of 4 additional full time jobs for the company. We
anticipate that the Phase IIB award will help create at least 2 more full time positions and enable a
larger fundraising round which will create 6 more additional jobs.

COMMERCIALIZATION PLAN
As part of our Phase II program and other technical and commercial activities, Chromatan Corporation has
accomplished a number of crucial milestones that will enable successful commercialization of ICS (Integrated
Continuous and Single-use bioproduction platform):
1. Multiple successful R&D projects with major Biopharma companies such as Merck, Roche, and Takeda
(see letters of support) which resulted in multiple publications [1-4] and over $500,000 in income
2. Graduation from business incubation in 2019 and establishing new headquarters in Springhouse
Innovation Park, Lower Gwynedd, PA
3. CCTC pilot system launch and first sale to MIT in 2020 (see letter of support)
4. Successful development of an in-house bioreactor and perfusion platform
5. Successful development of the 2nd generation CCTC flow path using Dean Vortex Separators for
prolonging system performance and enabling long-term integration with perfusion bioreactor
6. Bringing on-board 3 strategic industry partners:
a. Proconex investor, partner on co-development of DeltaV based controls (see letter)
b. NewAge Industries investor, partner on co-development of single-use and 3D printing solutions
(see letter)
c. Purolite
joint research program partner, co-publisher on the development of unique
chromatography resin specifically suited for CCTC. Resulted in highest ever reported productivity
for resin based Protein A chromatography process [4]; (see letter)
7. Highly productive partnerships with leading academic institutions
a. Penn State co-founder and board member as well as world-renowned bio-separations expert
Andrew Zydney; Bioreactor and bio-processing expert Wayne Curtis (letters included)
b. MIT leader of the continuous processing laboratory at MIT, Richard Braatz. First customer,
controls and modeling expert (letter included)
8. Successful multi-million dollar fundraising campaign (Series A) netting over $2.1 Million in funding over
the past 3 years.
9. Major engagements with federal agencies such as the NIH, FDA, BARDA and NIIMBL which resulted in
over $6 Million of support with grants and contracts since company inception
10. Four granted patents on CCTC module, system, methods and next generation applications
11. Six published papers on the CCTC system in peer-reviewed journals
12. CCTC Pilot Scale system demonstrated with multiple feed streams and modalities showing 5-10x
higher productivity than current column chromatography systems.
Chromatan currently has 9 full-time employees and is planning to grow our staff to 14 full-time employees over
the next 12 months.

A. Value of the SBIR Project, Expected Outcomes, and Impact.
Value of the SBIR Project
Therapeutic monoclonal antibodies (mAbs) represent one of the fastest growing areas of the pharmaceutical
industry. Monoclonal antibody products have been developed to treat many forms of cancer such as breast
cancer (Herceptin), nonand colon and lung cancer (Avastin) as well as other
diseases previously thought untreatable such as multiple sclerosis (Tysabri), Rheumatoid Arthritis (Humira,
Orencia),
The global monoclonal antibody market size exceeded $110 billion
in 2018. The top ten best-selling monoclonal antibody agents were Humira, Remicade, Enbrel, Rituxa, Avastin,
Herceptin, Lucents, Synagis, Prolia/Xgeva, and Erbitux. Nearly 30% of all biologics currently under development

are mAbs, and several new avenues for antibody related therapies are being developed. Among them is
research into antibody based HIV vaccines with over $200 million invested by the NIH and the Gates Foundation.
Several companies have developed monoclonal antibody treatments for Covid-19, clearly demonstrating the
potential of antibody therapeutics as a defense against pandemics.
This type of competition and the fact that the number of new mAbs entering the clinic have tripled over the past
two decades, has created very significant demands to modernize mAb manufacturing and decrease
production costs as well as to
of these life-saving drugs.
Continuous and single-use biomanufacturing has emerged as a powerful alternative to batch based / stainless
steel plants. Significant efforts to adopt these new paradigms started to ramp up after a 2011 presentation by
Dr. Janet Woodcock, currently acting Commissioner of the FDA, where she stated: It is predicted that
manufacturing will change in the next 25 years as current manufacturing practices are abandoned in favor of
cleaner, flexible, more efficient
The need to adopt continuous manufacturing processes has become much more pronounced with the potential
development of mAbten times the patient populations of current mAbs that target cancer and arthritis [9].
The Covid-19 era has also exposed a significant shortage of capacity to produce much needed antibody cocktails
that could have significantly reduced Covid related complications and death. The average dose in recent clinical
trials of five different mAbs for treating Covid-19 ranged from 3.4 to 8.4 g per patient (clinicaltrials.gov Appendix
A). This would require hundreds of metric tons per outbreak even if only a small percent of the population is
treated [4]. This would far exceed the production global capacity of all available batch manufacturing facilities [5]
One of the major costs in the production of protein drugs is downstream bioprocessing, which can account for
as much as 80% of the overall manufacturing cost. Currently, the dominant method used for protein purification
is column chromatography. Protein A affinity chromatography is used for the initial capture of nearly all
monoclonal antibodies due to its very high selectivity and highly robust operation. However, the protein A resins
used in column chromatography are very expensive. A single Protein A column designed for initial capture of a
monoclonal antibody costs approximately $15 million for the resin alone [15].
Several continuous methods such as periodic counter current column chromatography (PCC), simulated moving
bed (SMB), and multi column solvent gradient purification (MCSGP) have been developed, but all of these
technologies either use non-disposable columns or utilize highly complex flow paths that are difficult to
troubleshoot and they operate cyclically instead of at steady-state. On the other hand, there are several novel
single-use chromatography products, such as membrane adsorbers and monoliths (e.g., Danaher, Sartorius),
but these technologies are not suitable for continuous processing.
Continuous Countercurrent Tangential Chromatography (CCTC) system (U.S.
Patent 7,988,859; Countercurrent Tangential Chromatography Methods, Systems, And Apparatus; issued
August 2nd, 2011) is a game-changing purification platform for single-use and continuous biomanufacturing. Its
column-free and modular flow path is easy to use and install, requires low pressures (<20 psi) and has no valve
switching once at steady-state. Steady-state input and output of the CCTC system makes it highly amendable
to the next logical step integration with the upstream part of the manufacturing process.
Industry investments into evaluation and scaleup of fully continuous manufacturing for monoclonal antibodies
and other bio-therapeutics are seeing significant growth in the past several years with well publicized efforts from
major biopharma companies such as Novartis, Merck, Astrazeneca, Sanofi, BMS and others [16]. Several of
these companies reported adoption of 1st generation continuous technologies for cGMP clinical manufacturing.
These 1st generation processes are based exclusively on multi-column purification technologies which have a
number of significant disadvantages such as the necessity for column packing, non-disposable and high-

pressure operations, cyclic (non-steady state output) and high system complexity which makes these platforms
difficult to troubleshoot in manufacturing environments.
The proposed ICS system commercialization project has the potential to revolutionize bioprocessing because
for the first time an upstream (perfusion) and downstream (CCTC) unit operation will be seamlessly integrated
to yield a cost-saving, continuous, single-use and steady-state manufacturing process.
The overall goal of the proposed work is to develop a fully scalable cGMP CCTC system to be integrated
with a mAb producing perfusion system (ICS) that will form the basis for a revolutionary mAb manufacturing
platform that we call NextGnBio -- a facility that will be able to produce over a ton of antibody in a quick-tolaunch facility with a floor space less than 10,000 sq feet. Initial economic analysis indicates that this type of
facility would enable capital cost reduction of up to 80% and cost of operation reduction of 40-50% vs
conventional facilities while providing the capability to produce very large demand mAb products. Figure 1 shows
and continuous NextGnBio production facility.
The development of ICS and subsequently
NextGnBio will enable a significant leap
forward for the biomanufacturing community.
This platform has the potential to
1. Decrease the facility footprint by up to
80% per kg of mAb produced.
2. Enable very quick launch and scale
up to help resolve manufacturing
bottlenecks of life-saving therapies.
This is especially relevant to
pandemic
and
bio-terrorism
situations. GCON projected that this
type
of
facility
could
be
commissioned and launched in 9-12
months which would be at least 50%
faster than current single-use
facilities
3. When we compare the NextGnBio
concept facility to a single-use fedbatch facility of the same capacity, the
analysis shows a 700 Million dollar
benefit for a 12 ton capacity expansion
and almost $6 Billion dollars in capital
alone for a 100 ton expansion that may
be necessary for a pandemic type
event. This due to a much reduced
footprint and a significant savings in
equipment costs.
4. In addition, Biosolve economic
modeling, for which the Chromatan
team developed a special CCTC
module, (see Biopharm Lmtd letter of
support) shows at least a 40-50%
operational savings for this type of
facility (see Figure 2).

Figure 1. NextGnBio
facility blueprint

The analysis shows a cost per gram of $33.60 for
this process compared to the typical mAb
manufacturing costs of $55 $70 per gram for a
savings of 40-50%.
Expected Outcomes

Figure 2. Biosolve
economic analysis of
NextGnBio facility

The proposed effort has two phases. In year 1 (1st
phase - pilot development) we will finish the
development and demonstrate the operation of a
scalable pilot ICS (Aims 1 2). For this we are
asking the agency to help fund our efforts for the
development of a DeltaV-based process control
solution for both the stand-alone system and ICS integration. Once this is finished,
we will perform several fully automated ICS demonstration runs at pilot scale. We
should note that the automation project will be partially sponsored by our strategic
partner Proconex with in-kind investment (see letter of support).

In year 2, the pilot development will continue including the first evaluation / demonstration of viral clearance
capabilities of CCTC. Our primary goal will be to develop an effective strategy to guide our customers into how
to perform viral clearance studies with the CCTC system. We have obtained support from Cygnus (see letter of
support) to help us design and execute such studies with their discounted MockV kits (non-infectious MVM
particles) that were specifically designed to enable viral clearance testing in BSL1 environments.
Phase II involves scaling up the CCTC platform to cGMP and demonstrating ICS at a customer site. Once the
prototype system is built and tested at the Chromatan location, we will bring the ICS system to a customer site.
The current candidates for this work have submitted their letters of support (Merck, Roche and Takeda). The
successful demonstration of the cGMP ICS system will open doors for wide acceptance of the platform within
the bioprocessing community as well as enable further commercialization efforts of ICS and NextGnBio.
Impact
The proposed integration of perfusion bioreactor with CCTC system will have the following impacts:
1. The integrated continuous single-use (ICS) system will be able to operate in continuous mode
for more than 45 days. Since the outlet product concentration is at true steady state -- unlike SMB
or PCC -- this integration will facilitate subsequent processing steps and enable direct feedback
control of the bioreactor.
2. The integrated systems will be designed with a disposable flow path and bioreactor and can thus
be applied in highly flexible single-use manufacturing platforms.
3. The pressure drop in the ICS system will be much lower (<20 psi) than that used in column
chromatography (>100 psi) making it much more amendable to single-use operation than column
chromatography
4. ICS will significantly reduce the cost and complexity of validation because it uses a disposable flow
path, eliminating the need for cleaning studies.
5. The quality of the final product will be more uniform because of the steady-state nature and short
residence time of the ICS process.
6. ICS will enable the development of NextGnBio (see benefits above)

B. Company
Origins
Chromatan was founded in late 2008 by Oleg Shinkazh (President of Chromatan, PI on this grant) after observing
significant need and inefficiency of the current purification technologies in both clinical-scale and manufacturing
facilities of biotech companies and CMOs. Oleg was in his ninth year in the bio-separations industry, having
completed four years at Millipore as an Applications and R&D engineer, and another four years doing frontline
sales and technical support for the Chisholm Corporation (sales distributor for another major bioprocess
company Pall, now Danaher). During his time at Millipore and Chisholm, Oleg was fortunate enough to work
with and be exposed to the entire spectrum of downstream processing including membrane and depth filtration,
tangential flow filtration, membrane and column chromatography, centrifugation and many other applications.
He was involved with multiple projects that specified and scaled up hardware and disposable systems into clinical
manufacturing facilities of over 50 biotechnology customers. This resulted in Oleg developing a significant
network with multiple management and technical experts in the downstream processing field.
In the first part of 2009, Oleg worked on patenting the CCTC technology; the first patent was filed in March 2009.
Oleg dedicated himself full-time to Chromatan starting in September 2009, after establishing a research
partnership with Dr. Andrew Zydney in the Department of Chemical Engineering at Penn State University. This
extremely fruitful partnership yielded our proof of concept data which were published in 2010 in the peer-reviewed
journal Biotechnology and Bioengineering [1]. In 2010, Chromatan was admitted to the finals of the
MassChallenge which is the largest start-up accelerator in the world. Using the visibility generated from this
prestigious event, Chromatan recruited experienced and very capable scientific and business advisors that have
helped to formulate a targeted technical and business strategy for moving the company forward.
Financing history and milestones
The promising results of the studies in 2010 enabled Chromatan to start initial fundraising. A Phase I NIH grant
was received for $183,000 in September 2011 and a convertible debt investment by Ben Franklin Technology
Partners was received soon after that for $150,000 in January 2012. In October 2011, Chromatan moved
locations from Boston, MA to State College, PA. This decision was made because of the much more costeffective business environment in State College, as well as proximity to Penn State University, which has
remained a significant contributor to our research.
After generating the data with the CCTC system and receiving enthusiastic endorsements from our industrial
collaborators, Chromatan raised an additional $610,000 from Ben Franklin Technology Partners and angel
investors in June 2012.
During the next 5 years the Chromatan team was focused on designing and manufacturing various iterations of
the CCTC pilot system, testing the technology with multiple R&D partners, building supplier partnerships and
fundraising. We have published our work in 6 peer reviewed articles and several white papers and raised over
$6 Million from government agencies like NIH, FDA, and BARDA. We have also raised over $5 Million in equity
from angel investors and various small VC organizations such as Ben Franklin of Southeastern PA ($250,000)
and Life Science Greenhouse of Central PA ($600,000) (see letters of support), both of which will be willing to
supplement their investments with further infusions as we move forward towards commercialization. In 2019 the
company was moved out of incubation in State College to our new headquarters at Springhouse Innovation Park
in Lower Gwynedd, PA (about 35 minutes North-West of Philadelphia). Our relocation had a very positive impact
on growth and further fundraising our team has now grown to 9 full-time employees and we were able to raise
an equity round of over $2.1 Million since our move. Prominent investors include the Sorensen Global family
office (over $400,000 in investments), members of the Social Venture Circle (>$250,000), strategic partners
Proconex ($400,000) and NewAge Industries ($150,000), and Ben Franklin of Central PA ($500,000).
The new facility was modeled to our specifications and has excellent wet lab, dry lab and office space that s very
well suited for the proposed work.

Critical Team members
Chromatan has assembled an excellent team of technical experts from industry and academia as well as
experienced entrepreneurs and legal experts.
Oleg Shinkazh (Founder, CEO & President)
20 years of experience in R & D and technical
support in the biotechnology industry, specializing in downstream processing / purification of human biologics.
Oleg has extensive experience with all unit operations in the modern marketplace and has worked and
collaborated with such industry leaders as Millipore Corp., Danaher Corp., Roche, Merck, Takeda and many
grants (PI on 7 successful proposals), state
funding organizations, VCs, and angel investors to fund Chromatan C
.
Dr. Andrew Zydney (Co-Founder, Board member, Technical Lead)
Dr. Andrew L. Zydney is currently a professor and former Head of the Department of Chemical Engineering at
The Pennsylvania State University. Professor Zydney received his Ph.D. in Chemical Engineering from MIT in
1985 and he was a faculty member in the Chemical Engineering Department at the University of Delaware from
1985 - 2001. Professor Zydney's research is focused on membrane science and technology, with a particular
emphasis on bio-separations and the purification of high value biological products.
has ongoing collaborations with Merck, Pfizer, Lilly, BMS, and Amgen (among others). He has published more
than 250 articles on these topics, including invited contributions to the Encyclopedia of Bioprocess Technology
and the Handbook of Bio-medical Engineering. Professor Zydney was Editor-in-Chief of the Journal of
Membrane Science for 10 years and he serves on the Editorial Boards for Separation and Purification Reviews,
Separation Science and Technology, and Biotechnology and Bioengineering. His letter of support is included in
this application.
Boris Napadensky - VP of Engineering
Boris Napadensky, VP of Engineering at Chromatan, is a chemical engineer with 15 years of experience in
leading the development and scale-up of new technologies. Boris is an accomplished technical manager with
extensive expertise in design, automation, controls and manufacturing of new chemical process systems on lab,
pilot, and commercial scale. He joined Chromatan in January, 2012 and has led the design and successful
Phase I and Phase II testing of the Continuous Countercurrent Tangential Chromatography (CCTC) prototype.
Eben Crawford R&D Manager
Eben Crawford is an engineer and biochemist by training with 8 years of experience in manufacturing,
bioprocessing development, scale-up, tech transfer, and technical support in the biotechnology industry,
specializing in downstream processing / purification of biologics. Eben has received extensive experience
developing mAb manufacturing processes for Celldex Therapeutics both for upstream and downstream
processes. Eben also ran and led viral clearance studies for regulatory submissions. In addition, Eben developed
a VBA based software package that was used for end-to-end development and scaling for mAb purification. It
included an electronic notebook, scaling algorithms, data mining algorithms, BoM generation, and predictive
analysis of Manufacturing data.
David A. Fogel (Part-time CFO, Advisory Board Member)
Mr. Fogel is a Principal of Swifton CFOs LLC, an outsourced CFO firm that provides emerging businesses with
cost-effective outsourced (part-time) financial leadership and support to clients with the goal of handling all
accounting financial and administrative matters so entrepreneurs can focus on driving the business. Mr. Fogel
possesses over 30 years of senior financial management experience in various capacities for a variety of high
technology related companies. He is also an Adjunct Instructor of Finance and Accounting in the MBA program
at Worcester Polytechnic Institute (WPI).
Vision
Our vision for the next 4 years is as follows:

Year 1: Finish the development of the CCTC pilot system automation and demonstrate ICS solution on pilot
scale. Initiate next round of fundraising for company expansion and commercialization efforts (targeting $5
Million)
Year 2: Use the data to heavily promote the technology at conferences and in publications. Hire 6 more
employees and begin developing a sales pipeline. Begin pilot CCTC sales, invest heavily into cGMP
development and commercialization. Perform cGMP ICS demonstrations at customer site
Year 3: Start sales of cGMP and ICS systems, invest into the NextGnBio vision and go after partnerships with
major CMOs and biopharma companies. Expand market share into gene therapy market.
Year 4: Begin sales of NextGnBio facilities in partnership with GCON. Projected sales of $40 Million
Year 5: Acquire 10-15% market share for mAb capture chromatography for new clinical / commercial processes
(including biosimilar mAbs). Sell 4 NextGnBio facilities. Projected revenue is $60 Million with $10 Million in
profits.

C. Market, Customer, and Competition.
Market - The ICS system will be relevant to two market segments
perfusion bioreactors and capture
chromatography (protein A for antibodies). The ICS system will be designed with controls that will be able to
interface with any market leading perfusion bioreactors from companies like Thermo Fisher, Sartorius, Milllipore
Sigma, Abec or Applikon via DeltaV platform. Most of the value that Chromatan will extract will therefore come
from the capture chromatography market which we discuss below:
The process chromatography market within the biotechnology industry was $2.5 Billion in 2018. This market is
projected to grow at an annual rate of 10% per year. The hottest growth in the market comes from the segment
Chromatan is targeting Monoclonal Antibody (mAb) purification. Protein A resin is used in nearly all clinical
mAb production processes for initial product capture. The Protein A market was $1.3 Billion in 2018, growing at
a rate of 15%. We have identified two target market segments that are most attractive for implementing ICS
1) Clinical purification, and 2) Commercial / Biosimilar Protein A purification.
Clinical Protein A capture processes ($400 Million) make low to moderate quantities of mAbs for clinical studies.
The demand in this market is driven by a ballooning pipeline of mAbs in clinical trials. In this segment the
continuous feature of the ICS system will provide a very significant cost benefit, saving the customers 65% off
their capture costs by maximizing utilization of the expensive Protein A chromatography resin. We are also
providing them the benefit of lean manufacturing due to the single-use nature of our system as well as saving
labor on column cleaning, cleaning validation, and column packing. The success of sales in this sector will
depend on the volume of sales of the small pilot systems which the customers will adopt for their early pre-clinical
and Phase 1 campaigns, before wider adoption into later phase clinical manufacturing. We will be starting sales
in this sector in Q2 2022, selling pilot systems and single-use disposable components by utilizing a low
volume/high margin sales approach. By 2024 this sector will generate $14 Million in sales for Chromatan.
Commercial Protein A processes ($900 Million) make high quantities of mAbs for sale to patients once the drug
has passed clinical trials and received regulatory approval. Recent introduction of bio-similar products, as well
as the push by the FDA to legitimize these products in order to cut costs of treatment, is a tremendous
opportunity. The biosimilar players will need new technologies to compete with established processes on cost
of goods and manufacturing efficiency. They will also have to look to reduce risks associated with very high
capital costs required to build new facilities for biological manufacturing. The ICS technology will help them do
both. We will reduce capital costs in large scale processes from $17 Million per process to less than $1 Million.
If the customer runs three process trains, ICS will save them $50 Million in capital, because the ICS system,
unlike a column chroma
adopted for multiple processes, taking advantage of ICS single-use approach. The sales approach in this sector
will be high volume/lower margin with a single customer bringing $5-15 Million of revenue per process annually.
We are expecting to enter this market in 2024 and generate $50 Million in revenue in 2025.

The charts below show a comparison of the cost structure for consumable costs for an average Phase I clinical
manufacturing campaign for ICS system vs. fed-batch / column chromatography (2,000 L batch, 2 g/L mAb
concentration, 2 batches per campaign, 7 hr process time). The graphs were derived from cost modeling that
took into account detailed system component costs, costs of manufacturing, and technical results from Phase II
CCTC studies. The column and bioreactor costs were estimated with the help from industry-standard economic
software package Biosolve (Biopharm Services). The model results show that Chromatan can save our
customers 65% off their total consumable costs, while maintaining an approximately 53% margin on sales.

Notice that while the traditional stainless steel Fed-Batch / Column system is dominated by chromatography
resin costs and capital depreciation, the ICS system will use a lot less resin, and has the single-use flow path as
the second largest expense. The model does not take into account the very significant difference in facility set
up and facility fit costs which will also heavily favor the single-use ICS platform.
This shows that Chromatan can make a very significant financial impact for our customers while also
generating high margins for the company (53%). The modeling confirms the strong business case for
ICS technology. More detailed economic modeling will be performed and supported by Biopharm
Services with discounted software and consulting as shown in the attached letter of support.
Overall, the market conditions are extremely favorable for the development of ICS. According to a recent poll by

Regulatory Compliance
Because the ICS system will use off the shelf components (static mixers, hollow fiber membranes, off the shelf
bioreactor bags, off the shelf cell retention system), as well as the same Protein A affinity chemistry for
purification, in our opinion there should be no daunting regulatory challenges. The one relative unknown is the
3D printing resin to manufacture the 2nd generation flow path that will be developed in this project at this time
there are no commercially available 3D printing resins that have gone through extractable and leachable testing.
However, our partners at NewAge Industries (see letter of support) have invested significant resources into
developing such a material and are close to commercialization. We have also received unofficial feedback from
the FDA through our interactions with contract officials which have not raised any alarms.
Customers
Over the past eight years, Chromatan has engaged with several high profile biotechnology companies. We have
co-published major studies with Regeneron, Fujifilm Diosynth, Eli Lilly and Merck. These partners have provided
major resources (cash and material) as well as analytical support to our studies.

The current supporters of this project are Roche, Merck and Takeda which have all had major R&D contracts
with Chromatan (>$100,000 each) for platform evaluation. Both Merck and Roche have also committed support
through various other federal projects including FDA and NIIMBL

All three companies have made very strong statements of support (see letters of support) for this project. We
st
generation perfusion experiments and ICS integration. It is currently
unclear which company may host our cGMP testing as they could not legally make such a major commitment
without seeing results. However, it should be clear to the reviewers that the interest of these customers is very
high as they have been engaging with Chromatan for many years and have supported our activities with both
cash and resources.
Competition
In this section we will highlight companies that, similarly to Chromatan, are striving to shift the paradigm in the
industry by using ideas that are radically different from conventional technologies to address the downstream
purification bottleneck.
Millipore Sigma, after purchasing Natrix Separations, is marketing a product line called Natrix ® as an alternative
to a conventional chromatographic process. Their technology is very different from the process proposed by
Chromatan protein binding is achieved inside the membrane device as opposed to the resin flowing through
the system as is done in CCTC. Chromatan's ICS technology will compete very well Natrix ® because it is not
limited by scale of operation. Natrix® performs the chromatography process inside a device. This inherently limits
the capacity of their process by the size of the device. Large scale processes using Natrix ® modules would need
ICS utilizes a resin slurry stored outside of the
device. The necessary capacity is scaled linearly with slurry volume, enabling an easily scalable process.
Sartorius has now acquired the BioSMB product line originally developed by a startup called Tarpon Biosystems.
Their technology is a newer, much improved version of an older technology called simulated moving bed
chromatography. They claim a disposable chromatography process with a 30% reduction in costs compared
with a conventional process. This process has now been adopted into some clinical manufacturing applications
which shows that there is significant need and adoption potential.
Lewa / YMC has acquired another startup technology from a company called ChromaCon called EcoPrime®.
This is a twin column purification technology which has now been featured in several scale up studies for
implementation in clinical manufacturing. As opposed to BioSMB, the EcoPrime® system features a maximum
of two columns and a more simplified process flow.
Both of these multi-column based
startup companies that were ultimately acquired by large players. These startups took a different approach from
Chromatan running very small teams / virtual companies prior to relatively early stage acquisitions (prior to
scale up). We are setting a different vision we would like to scale our platform to the next generation facility
while partnering with end users and synergistic supplier organizations (ex. Proconex, Purolite and NewAge).
ICS technology will compete very well
-free and
scalable while providing ease of use within the single-use framework. The table below illustrates the major points
of comparison between CCTC and the multi-column systems under discussion.

Most of the benefits stem from the fact that CCTC is a column-free technology. This results in steady-state
output, low residence time, low system complexity, low pressure and simple in-line connectivity. The CCTC and
ICS system will therefore be able to seamlessly interface with many other unit operations to develop a fully
integrated biomanufacturing platform in a plug-and-play type of manner.

D.

Intellectual Property

Chromatan has received three approved patents from the USPTO:
US Patent No. US10324070B2, High efficiency continuous countercurrent tangential negative
chromatography, issued on June 18, 2019 (filed on April 22, 2015)
U.S. Patent No. 7,947,175, Continuous Countercurrent Tangential Chromatography System, issued on
May 24, 2011 (filed on December 15, 2010)
U.S. Patent No. 7,988,859, Countercurrent Tangential Chromatography Methods, Systems, And
Apparatus, issued on August 2, 2011 (filed on March 14, 2009)
Patent number 7,988,859 protects the intellectual property for the CCTC system module. It protects the key
innovations of the single-pass countercurrent recycling principles that have never been used when coupled with
a membrane system. This is a patent that has also been approved in many countries including the European
Union, Canada, India, Singapore and China.
Patent No. 7,947,175 is a system patent that protects the IP related to assembling and running the multi-stage
CCTC system. It protects the key innovations necessary to enable the functioning of the CCTC module in the
biotechnology environment. US Patent No. US10324070B2 protects flow path modifications and various other
modalities of running CCTC.
Our latest patent application was approved in Singapore and is currently being examined in the European
Union as well as various other countries (US is in cue): CONTINUOUS COUNTERCURRENT SPIRAL
CHROMATOGRAPHY; United States Patent Application 20200030717. This is a patent that protects our latest
innovation the utilization of the 2nd generation flow path incorporating DVS devices within the CCTC
framework. We are aiming at wide approvals worldwide including South Korea and Japan.

E.

Finance Plan

Our finance plan has been developed from detailed financial projections performed by our part-time CFO, David
Fogel. The financial projections take the following aspects of business activities into account: salaries and head
count growth, cost of manufacturing, sales and revenue generation models, taxes, capital equipment costs,
facilities, travel expenses, cost of sales including commissions, marketing costs, operation / accounting costs
and other factors

As shown below, Chromatan is currently projected to sustain our income of over $1 million per year through
2022 and expecting to begin major sales activities via growth in 2023.
Additional fund raising efforts will be
supporting this growth through 2021
and 2022. We are aiming to raise a
major equity round ($5 Million) to help
launch our cGMP system, the ICS and
ultimately NextGnBio.

F. Production and Marketing
Plan.
Production plan
In order to bring ICS to market,
Chromatan
needs
multiple
partnerships with key component
supplier companies, outsourcing
manufacturing organizations, and
early adopters willing to invest R & D
time and funding into exploring a new
technology.

Strategic partnerships have been signed with Proconex a leading supplier of DeltaV automation solutions
and Purolite a leading supplier of chromatography resins. Both of these suppliers provide key materials and
services to enable CCTC and ICS commercialization (see letters of support). We have also brought on-board a
system manufacturer called Elite Manufacturing. This company assembles our hardware into a finished product
from the various components. In addition NewAge industries will be providing a 3D printed resin for cGMP
applications. In the near future we will also explore a partnership with NewAge regarding assembly of single-use
systems.

Marketing plan
sales efforts will depend greatly on our ability to get process development ICS
system evaluated by our customers. Our system design philosophy will be dedicated to product quality
and ease-of-use to enable fast adoption and to grow solid reputation for outstanding service. We are
confident that our customers will find the ICS system performance very valuable from technical and economic

point of view. However, it will be very important to aggressively market the technology in order to gain significant
exposure and technical buzz to achieve sales. We will use the following tools to market ICS:
Networking: Both O. Shinkazh and Dr. Zydney have developed extensive networks in the industry throughout
their careers. Oleg, through his experience as a sales engineer, visited and worked with more than 50 large and
small biotechnology companies.
also a tremendous asset to Chromatan. Dr. Zydney
has consulted for over 30 years with the best and the brightest of the biotechnology industry with access to key
high level directors and executive decision makers.
Publicity: It will be important to market ICS in both peer-reviewed publications and trade journals such as GEN
and BPI International. Chromatan has already published six articles in peer reviewed journals on CCTC [1-6].
Chromatan has also been highlighted in major trade journals such GEN [17] and Interphex connector [18].
Conferences and Trade shows: Visibility at industry conferences and trade shows is a key element for direct
exposure to the market. Chromatan will be applying to present at several conferences in 2021 and 2022 including
Recovery of Biological Products, IBC, BPI International and the Biomanufacturing Summit.
Website:
-D animation of CCTC, which has proved to be an effective visual
sales tool that makes it easier for customers and investors to gauge the value of CCTC. In addition to being a
technical resource, the website will eventually incorporate on-line ordering and technical support. Chromatan
website will feature the ICS system in the near future.
Technology demonstrations: In the course of 2021-2022, Chromatan will be continuing our highly successful
in-house technology demonstrations and R&D contract programs. We will be generating new data with highly
interested customers such as Merck, Roche and Takeda.

G.

Revenue Stream

Chromatan will be training a direct sales and marketing
team. We believe it will be important to have a direct sales
force because of the highly specialized nature of the
CCTC product line and the technical know-how that will
be required to effectively support our customers. Starting
in Q4 2021, Chromatan will hire a director of marketing
and vice-president of sales. To drive sales growth beyond
$5 Million, we will hire an additional direct sales associate
in Q2 2022.
Because the industry we are entering is highly
conservative and heavily regulated, we project that it will
take us up to two years to achieve the necessary adoption
in order to start sales of the larger scale ICS and
NextGnBio platform and achieve significant revenue. We
project that it will take Chromatan until Q3 2023 to become
profitable. Once the ICS system achieves significant traction with key market leaders, we project explosive
growth and wide adoption of the technology.
In closing we would like to thank the NIH for their incredible support with the Fast Track project / Phase I and
Phase II developments. This funding has given confidence to our subsequent investors and enabled Chromatan
to get to where we are today. Our goal is to make a difference in making life-saving antibody therapies more
affordable and available to patients worldwide.
Our hope is that together with the NIH, we can make that happen.
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Proconex
103 Enterprise Drive
Royersford, PA 19468
Tel (610) 495-1835
Fax (610) 495-1895

March 15, 2021

To whom it may concern,
Proconex is aware that Chromatan is applying for a Phase IIB proposal to the NIH for commercialization
of (ICS) Integrated Continuous and Single-Use Bio-Production Capture Platform. This letter is in
support of this proposal.
Proconex is a leader in Process Control and Industrial Automation celebrating our 73rd year in 2021. Our
team is proud to work with industrial manufacturing customers in the Life Sciences, Cell & Gene
Therapy, Chemical, Power, Oil and Gas, Food and Beverage, and various other industries to provide the
highest level of process performance and bottom line return. Proconex has been a market leader in
providing automation solutions for continuous bioprocessing and emerging industry standards such as
NAMUR Module Type Packages (MTP).
I met Oleg via introduction from our technical team in the summer of 2019. At the time Chromatan was
looking to partner with an automation solutions provider to help with pilot scale and cGMP
a tremendous
amount of interest in continuous bioprocessing from many of our clients, I instructed my diligence team
to take a deep dive into
system
Based on our evaluation, we developed a
strategic partnership with Chromatan and I personally invested as an angel investor. As of now, we have
executed this partnership which involved a significant cash investment and in-kind project support for
Chromatan to develop a fully automated pilot and cGMP solution for their CCTC system.
We fully support the strategy of this proposal and will be working with Chromatan on implementing a
fully automated DeltaV solution for standalone CCTC systems as well as the integrated (ICS)
bioproduction system. We believe the outlined milestones show a thoroughly planned and realistic path
to commercialization of this exciting new technology.
After the pilot scale project is completed our company will be considering an additional investment to
help match the NIH Phase IIB funds.
We are looking forward to working with the Chromatan team and welcome reasonable inquiries from
interested parties.
Sincerely,

John Otte
President

2201 Renaissance Boulevard
King of Prussia, PA 19406
tel: 1-800-343-1500
fax: 1-800-260-1085
Dear Oleg Shinkazh,
It is with great enthusiasm I provide this letter of support on behalf of Purolite Lmtd., for
Commercialization of Integrated Continuous and Single-use Bioproduction Capture Platform (ICS)
goals of this Phase IIB proposal will allow Chromatan to continue to develop their CCTC column-free
purification system and launch the technology commercially.
of high-quality chromatographic resins, enzyme carriers, ion exchange resins, APIs, adsorbents and
specialty resins. All Purolite Life Sciences products are produced in at ISO certified production facilities in
the UK, Romania, China and the USA. For over 40 years, Purolite has supplied specialty resin technology
to industries within complex regulatory environments including biotechnology, pharmaceutical, food, fine
chemical and electric power generation. Purolite complies with required national and international
regulations. These include: Part II of the EU GMP Guide, US FDA Current Good Manufacturing Practice
(CGMP) regulations, US FDA CFR - Code of Federal Regulations including Title 21, ResAP(2004)3,
NSF/ANSI 61/WRAS standards, REACH regulations, ISO 9001:2015 quality system specifications, ISO
14001:2015 Environmental Management System requirements, OHSAS18001:2007, RoHS Directive
2011/65/EU
the
column-free CCTC system has very unique advantages over status quo and multi-column approaches to
purification. Especially attractive was the fact that the CCTC system is not constrained by column geometry
and runs at very low pressures (< 1.5 bar). This new format allows many more degrees of freedom for
designing an effective chromatography resin that can be uniquely tailored to these new process conditions
and can therefore significantly increase process efficiency.
After executing a research partnership with ChromaTan, our teams performed multiple exploratory studies.
We quickly discovered that indeed the CCTC platform allows for a more open bead structure and much
smaller resin particles (<22 microns vs. 50 microns) resulting in very significant advantages for both resin
kinetics and resin capacity. In fact, within the first 2 months of our engagement we were able to demonstrate
a 2-fold improvement in kinetics and a 40% increase in binding capacity vs. off-the-shelf column-based
protein A resin. The collaboration resulted in multiple engagement in R&D with leading companies such
as Merck, Roche and Takeda.
These results are very exciting, and show significant potential for increasing productivity, decreasing
system size and boosting the overall efficiency of the CCTC platform for the next generation purification
processes for biopharmaceuticals. Upon further development and commercialization efforts via scale up to
cGMP, our teams will target a mutually beneficial business arrangement with ChromaTan to jointly market
this unique product offering.
We found the ChromaTan team to be highly responsive, knowledgeable and professional. We are aware
that the ChromaTan team is looking for partnerships in other areas such as materials and membrane research

and agree to serve as a positive reference for the other companies and/or agencies that are considering such
partnerships.
Overall, we are excited about CCTC, and are looking forward to further engagement with the ChromaTan
team.
Sincerely,
Yours faithfully,
Signature

Fred Ghanem
Life Science Business Manager
Purolite Life Science
856-397-0939
fred.ghanem@purolite.com

15 March 2021
Re: Chromatan NIH SBIR Phase IIB Proposal

Cygnys Technologies, LLC is aware that Chromatan is applying for Phase IIB proposal to the NIH for
commercialization of (ICS) Integrated Continuous and Single-Use Bio-Production Capture Platform. This letter
is in support of this proposal.
Cygnus is an industry pioneer responsible for developing and commercializing the first generic assay kits for Host
Cell Protein (HCP) detection. Its reputation for quality is recognized by the industry and global regulatory
agencies. It continues to advance the science of bioprocess impurity detection with new breakthroughs, including
Mass Spectrometry, AAE and ELISA. To reduce the cost and risk associated with viral clearance studies, Cygnus
also offers a unique approach that utilizes nonclearance kits.
Over the past several years we have seen a significant increase in interest from our customers for the development
and implementation of continuous bioprocessing. One of the major challenges for implementation of continuous
bioprocessing is viral removal testing for chromatographic separations. While batch technologies require a
modest amount of viral load due efficient scale down techniques, continuous processes typically need a higher
amount of viral load for testing. This type of testing can also be difficult for technology developers as it requires
specialized facilities and safety protocols when testing live viruses. This was one of the motivations for the
development of the MockV series of viral testing kits. The MockV TM MVM Kit, for example, provides the enduser with a non-infectious, BSL-1 compatible, viral surrogate that mimics the physicochemical properties of
MVM a model parvovirus used internationally for viral clearance validation studies. This enables process
development and optimization studies
eliminating one of the major hurdles of pursing continuous processing. When Oleg contacted us to speak about
continuous solution we were excited to speak with him.
Our team is
ir next generation purification platform. We fully
support the strategy of this proposal, and have offered to support the execution of the viral removal milestones.
We will be providing a 30% discount on 5 Cygnus MockV MVM Kits (savings of $6,000)
and look forward to consulting the team on testing setup as well as co-presenting and co-publishing results with
the Chromatan team.
Sincerely,

David A. Cetlin
Senior Director, MockV Products
Cygnus Technologies, LLC
4332 Southport-Supply Rd SE
Southport, NC 28461
David.cetlin@cygnustechnologies.com
4332 Southport Supply Road SE, Southport, NC 28461

910.454.9442 p

910.454.9443 f

cygnustechnologies.com

Andrew L. Zydney
Bayard D. Kunkle Chair
Professor of Chemical Engineering
Department of Chemical Engineering
The Pennsylvania State University

Oleg Shinkazh, President
Chromatan, Inc.
3 Springhouse Innovation Park
Lower Gwynedd, PA 19002

404 Chemical & Biomedical Engineering
Building
University Park, PA 16802-1400
(814) 865-2574
FAX: (814) 865-7846

March 5, 2021

Dear Oleg,
This letter is to confirm my participation in your Phase IIB proposal to the NIH for
Commercialization of Integrated Continuous and Single-use Bio-production Capture
Platform (ICS). This would continue my involvement in this highly successful project that has
already resulted in the sale of the first commercial Continuous Countercurrent Tangential
Chromatography system.
This letter also confirms that I will be providing services on this project as a consultant to
Chromatan based on my ongoing contract. I agree to a rate of $150/hr for 3 hours each week for
the duration of the project, which is projected to last for 2 years, giving an approximate total of
$46,800.
As you know, I have been directly involved in research on membrane separations and
bioprocessing for more than 30 years, dating back to my doctoral studies at MIT on membrane
microfiltration. This includes extensive experience on issues related to membrane fouling, high
performance tangential flow filtration, and monoclonal antibody purification using membrane
systems. My group has had recent collaborations with a number of leading biopharmaceutical
companies including Amgen, Pfizer, Eli Lilly, and Merck, in addition to long-standing
collaborations with leading membrane companies (Pall, Millipore, and GE).
I am very enthusiastic about continuing my involvement with Chromatan, expanding upon the
work that has been done over the past several years. This includes 6 major co-authored
publications on Countercurrent Tangential Chromatography as well as presentations at a number
of major conferences and leading industries. This work has been very well received the
biotechnology community is clearly very excited about the outstanding performance of this new
system for continuous purification of biopharmaceuticals.
I am fully supportive of the key goals and approach outlined in this NIH Phase IIB proposal.
The use of CCTC to develop a fully integrated continuous downstream purification process has
the potential to provide a true paradigm shift in bioprocessing, enabling truly continuous
production of high value biological products with enhanced product quality and manufacturing
robustness.
I very much look forward to working with you in the coming months. Please don't hesitate to
contact me if I can be of any further assistance in the meantime.
Sincerely,
Andrew Zydney
Bayard D. Kunkle Chair and Professor of Chemical Engineering

Wayne R. Curtis
Professor
wrc2@psu.edu
www.curtislab.org

The Pennsylvania State University
Department of Chemical Engineering
409 Chemical & Biomedical Bldg
University Park, PA 16802-4400
1+814-863-4805
1+814-865-7846 (fax)

Oleg Shinkazh, President
Chromatan, Inc.
3 Springhouse Innovation Park
Lower Gwynedd, PA 19002
Dear Oleg,
This letter is to confirm my participation in your Phase IIB proposal to the NIH for Commercialization of
Integrated Continuous and Single-use Bio-production Capture Platform (ICS). This would continue my
involvement in this highly successful project that has already resulted in the sale of the first commercial
Continuous Countercurrent Tangential Chromatography system.
This letter also confirms that I will be providing services on this project as a consultant to Chromatan based on
my ongoing contract. I agree to a rate of $200/hr for 1 hours each week, 48 weeks/yr for the duration of the
project, which is projected to last for 2 years, giving an approximate total of $19,200.
As you know, I have been directly involved in research on bioreactor design and continuous culture systems
for more than 35 years, that included over 5 years of directing industrial projects in Penn States startup of its
Bioprocessing Resource center in the 1990s. My work includes some of the first patents on single-use plastic
lined bioreactor technology, which is rapidly becoming the standard to replace classical stainless-steel systems
-stream processing). The diverse continuous
culturing has included traditional cell culture, chemolithotrophs (H 2, O2, CO2), algae, cyanobacteria,
Geobacter (reduced metals suspension substrates). I have consulted or executed research contracts with
Monsanto, Pfizer, Rohm& Hass, Weyerhaeuser, DuPont, Merck, and a dozen startup companies including
Martek Biosciences (which eventually was acquired at over a billion US).
I am very enthusiastic about continuing my involvement with Chromatan, expanding upon the work that has
been done over the past several years.
1. Our previous efforts have included the successful operation of small scale (1-L) perfusion systems
including integration with state-of-the art commercial analytical platforms for cell culture
monitoring. Utilizing cell lines provided by Merck, we have achieved comparable performance for
implement the challenges associated with mammalian tissue culture as you move forward to the next
phases of continuous process integration.
2. The 2nd generation (DVS) platform that is currently under development at Chromatan is ideally
suited for integration with the high productivity Mab perfusion based systems towards achieving
long-term operation without fouling as a key component for the overall process integration.
I am fully supportive of the key goals and approach outlined in this NIH Phase IIB proposal. The use of
CCTC to develop a fully integrated continuous downstream purification process has the potential to provide
a true paradigm shift in bioprocessing, enabling truly continuous production of high value biological
products with enhanced product quality and manufacturing robustness.
I very much look forward to working with you in the coming months. Please don't hesitate to contact me at
amu to,e if I can be of any further assistance.
Sincerely, Wayne R. Curtis
An Equal Opportunity University
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Richard D. Braatz
Edwin R. Gilliland Professor of Chemical Engineering
Email braatz@mit.edu

Massachusetts Institute of Technology
77 Massachusetts Avenue, E19-551
Cambridge, Massachusetts 02139-4307
Phone 617-253-3112
http://web.mit.edu/braatzgroup

March 30, 2021
To whom it may concern
My name is Dr. Richard D. Braatz and I am aware that Chromatan is applying for Phase IIB proposal to
the NIH for commercialization of (ICS) Integrated Continuous and Single-Use Bio-Production Capture
Platform. This letter is in support of this proposal.
Currently I am the Edwin R. Gilliland Professor at the Massachusetts Institute of Technology (MIT), where
I do research in mathematical modeling, data analytics, design, and control of continuous biopharmaceutical
manufacturing processes. Continuous processing has become accepted as an approach to produce biological
products efficiently and cost-effectively. Biopharmaceutical companies have become aware of the benefits of
the approach and its ability to lead to smaller facilities, lower capital and materials costs, increased
productivity, and higher product quality and consistency. Achieving these benefits requires the development
of some new technologies, and my research has been building process models and applying these models to
explore potential new process concepts, carry out detailed equipment designs, and design control systems that
ensure that critical quality attributes are satisfied. Much of this activity is involved with developing technology
that enables more efficient streamlined process development workflows, so that new biologic drugs that are
discovered can be delivered to consumers as fast as possible. Our research in continuous processing spans
upstream, downstream, and formulation unit operations for a variety of biotherapeutic, including monoclonal
antibodies, vaccines, and gene therapy.
I met Oleg after seeing a presentation on the Continuous Countercurrent Tangential Chromatography
(CCTC) technology at the Integrated Continuous Biomanufacturing (ICB) conference. I was impressed with
the CCTC platform and its potential. I was especially interested in the fact that this is the only chromatography
system that I am aware of that produces product in steady-state operations. All the other continuous
chromatography platforms are column based (with multiple columns), producing a cyclic output which creates
challenges for control and system integration. After speaking with the Chromatan team further, I became very
interested in engaging with their team on a major project to evaluate continuous integration, process modeling
and process control.
Our teams have since jointly applied and received a significant award from the Massachusetts Life Sciences
Center for $750,000 which funded the CCTC system purchase, support and upgrades. In term, Chromatan has
sponsored a postdoc to run the work from our side. In addition, Sanofi-Pasteur has agreed to support the work
supplying clarified cell culture and analytical supplies. On my side, we have been developing a mechanistic
model for the operation of the CCTC system, and developing a control systems strategy so that the CCTC
system can operate in a fully automated manner. We have completed a mechanistic model that agrees well
with published data, and are working to generate even more experimental data so that we can more fully
validate the mechanistic model, and to extend the model to the latest upgrade of the CCTC technology. We
have also mapped out a preliminary control strategy which will be continuing to mature based on model
improvements and then implement on the CCTC system to enable fully automated operation.
We fully support the strategy of this proposal, and we look forward to our contribution on helping with
integration and process modeling.
We are looking forward to working with the Chromatan team and welcome reasonable inquiries from
interested parties.
Sincerely,
Prof. Richard D. Braatz
Edwin R. Gilliland Professor and Research Officer of Chemical Engineering
Massachusetts Institute of Technology

15 March 2021
Re: Chromatan NIH SBIR Phase IIB Proposal
To whom it may concern:
It is with great enthusiasm I provide this letter of support on behalf of Ben Franklin Technology Partners of
Southeastern PA for
NIH Phase IIB SBIR proposal titled Commercialization of Integrated
Continuous and Single-use Bio-production Capture Platform (ICS) Building off the successful completion of
their Phase II goals, the goals of this Phase IIB proposal will allow Chromatan to continue to develop their
CCTC column-free purification system and launch the technology commercially.
Chromatan is a Ben Franklin portfolio company of Ben Franklin with an initial investment of $250,000 in
September of 2019.
confidence in the potential of the company. In addition to our seed funding, Chromatan has participated in a
number of our programs such as Mentor Connect.
Ben Franklin is the largest seed investor of early-stage technology companies in the region and among the top
five in the country. Securing Ben Franklin funding, even at this early stage, is difficult and requires more than
just a science-project level proposal. In addition to recognizing the potential of your platform CCTC
technology, our review process also looks at the overall potential, the management team and the likelihood of
success. Your track record to date, including the work originally supported through the NIH, NIIMBL and other
sources, combined with your recent success in establishing corporate partnerships, provides confidence our
funding is well-placed, and we look forward to receiving your application for a full investment. BEN can
potentially invest up to $1,000,000 of matching funds in a given portfolio company, over time. We are aware
that you are looking to raise new capital in private funds over the next 12 months and we are committed to
helping you reach that goal.
The work you propose here, to validate and expand the CCTC technology for integration into cGMP
manufacturing processes, can significantly impact health outcomes through the reduction in manufacturing
costs a significant contributor to the cost of new biopharmaceuticals. Having interacted with you and your
team, I am confident that you will achieve the goals of this project, which will bring the technology close to a
commercial prototype and will open the doors for significant investments or licensing opportunities.
Chromatan has a unique proprietary technology, strong technical expertise, private backing, and a motivated
leader in you. We here at Ben Franklin are keen to see you succeed. I have introduced you and will continue
to introduce you to some of these opportunities and I will continue to work with you to help you avail of these
tools to successfully bring your technology to market while simultaneously having a positive impact on our local
economy here in PA.
I wish you all the best in your grant application.
Sincerely,

Anthony P. Green, Ph.D.
Vice President, Science & Technology

March 16, 2021
Oleg Shinkazh, CEO
ChromaTan, Inc.
3 Spring House Innovation Park
Suite 103
Lower Gwynedd, PA 19002
Dear Oleg;
On behalf of the Life Sciences Greenhouse of Central Pennsylvania (LSGPA), I write in strong
support of the Phase IIB proposal to the NIH for commercialization of (ICS) Integrated Continuous
and Single-Use Bio-Production Capture Platform .
LSGPA invests in and supports companies such as ChromaTan that are commercializing
breakthrough life science technologies in Pennsylvania to advance health care. To date, we have
invested over $30M in 72 startup companies in Pennsylvania; these investments have attracted over
$612M in follow-on investments. LSGPA typically invests $1-3 M in early-stage, PA-based companies
and helps to find complementary investors. In addition, we provide marketing, accounting, and other
business development services to firms like ChromaTan.
potential to revolutionize the purification process for life-saving biologics. The company has obtained
financial support from other investors, development contracts from the FDA and major pharmaceutical
manufacturers as well as significant grant funding from the NIH and other agencies. In addition,
ChromaTan is currently developing its first commercial system as part of a $750,000 grant from the
Massachusetts Life Sciences Center in partnership with MIT and Sanofi to de-risk this novel
technology. LSGPA is the largest investor, has supported the company with $600,000 of total
investment to date and is a mem
We understand that the Phase
IIB grant requires a match from outside investors, we are most willing to help raise this match if the
grant is awarded. We look forward to a successful grant application and are happy to be of support.
Sincerely,

Mel Billingsley, Ph.D.
President and CEO
Life Sciences Greenhouse of Central Pennsylvania
Professor of Pharmacology, Biotechnology and Entrepreneurship
Penn State University College of Medicine
225 Market St.

Suite 500

Harrisburg, PA

17101

717.635.2100
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Letter of Support Chromatan NIH Phase IIB
4/1/2021

Oleg Shinkazh, President
Chromatan, Inc.
3 Springhouse Innovation Park
Lower Gwynedd, PA 19002

Dear Oleg,
This letter is to confirm Warlowe participation in your Phase IIB proposal to the NIH for Commercialization
of Integrated Continuous and Single-use Bio-production Capture Platform (ICS). This would continue our
involvement in this highly successful project that has already resulted in the sale of the first commercial
Continuous Countercurrent Tangential Chromatography system.
This letter also confirms that Warlowe will be providing services for hardware design and testing as a
consultant service to Chromatan at $110/hr for 125 hours per year for 2 years for approximately $27,600.
As you know, Warlowe has worked with Chromatan over the past 3 years to help develop hardware and
embedded solutions for the CCTC system. Our work has resulted in the first commercial system launch of
CCTC that has now been launched as a product.
I am fully supportive of the key goals and approach outlined in this NIH Phase IIB proposal.
I very much look forward to working with you in the coming months. Please don't hesitate to contact me if
I can be of any further assistance.
Sincerely,
Christopher M. Wharton

_________________________
VP, for Warlowe, LLC
4/1/2021

Warlowe, LLC.
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