@ biotools

A Novel Single-Use Perfusion Bioreactor Without a Mixing Impeller
that Operates with Reduced Shear and Lower Cost

John Benson « Princeton NJ, USA - www.cpbiotools.com
Presented September 22-25, 2026 in Boston, USA, at BioProcess International (BPI)

ABSTRACT

Traditional single-use perfusion bioreactors rely on mechanical impellers that generate high shear stress and significantly increase
operational complexity and costs. To address this challenge, we developed a novel, impeller-free Single-Use Perfusion Bioreactor (SUB)
that completely eliminates mechanical mixing to minimize cellular shear while sustaining efficient oxygen mass transfer. This patented
design utilizes a unique liquid diffuser at the top of the vessel to create a low-shear "fountain” flow from an external circulation loop, driven
by a single-use centrifugal pump through a hollow-fiber filter. Both the counter-current flow of rising gas from a sparger and the returning
liquid fountain maximize the air-liquid interface and enhance the volumetric mass transfer coefficient (kLa). Following iterative
engineering optimization via 3D printing, computational fluid dynamics (CFD), and three initial evaluation runs with iterative designs in
complexity were completed over two years at Thomas Jefferson Institute for Bioprocessing. Most recently, a fourth run was executed in

evaluation, Chinese Hamster Ovary (CHO) cells were successfully cultured while ramping the perfusion rate from 0.5 to 2.0 VVD. The
bioreactor successfully achieved a peak cell density of > 45x106 in seven days after inoculation while maintaining high manual cell viability
and more than adequate oxygen mass transfer was achieved. These findings provide clear proof-of-concept that high-density continuous
perfusion cultures can be robustly sustained entirely without mechanical impellers. This design drastically reduces cellular shear stress,
and lowers overall bioprocessing costs with its simplistic design, presenting a highly scalable upstream alternative for next-generation
continuous biomanufacturing. To monitor critical process parameters, the single use design incorporates single use pH, d02, pressure
sensors and non-invasive temperature and flow sensors. The next objective is to conduct a comparative experiment to demonstrate this
design's superiority versus an industry standard perfusion bioreactor which contains an impeller with an external perfusion device.

continuous perfusion mode in collaboration with the Center for Biopharmaceutical Education and Training (CBET) in Albany NY. During this

Design Parameters for CP Biotools’ Single-Use Bioreactor (SUB) Include:
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« Simple bag-style design with a liquid diffuser and a gas sparger
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lterative Research & Development Steps Leading to Final Design:

1
1. Completed crude testing with different container shapes that were 3D printed along with 3D printed liquid diffusers with FIGURE 1

different configurations based on a 1LPM flow rate. This flow rate was selected based on the eventual cross flow required though
the hollow fiber filter sized for this volume of bioreactor with perfusion rate of 1 VVD. Diffusers were made with various hole
diameters and varying number of holes. Performed kLa studies to confirm optimal diffuser design and 2 to 3 cm fountain height. Mixing observation indicated very rapid dye dispersion.

FIGURE 2 / cFp output for kLa FIGURE 3 / cFp output for Velocity Vectors

2. Completed Computational Fluid Dynamic studies (CFD) with a contracted firm using the Ansys software to confirm efficient mixing and no dead zones. The software was also able to simulate the kLa of
the gas dissolution. Results were very good with excellent rapid mixing when gas was flowing through the sparger. (Figure 2 and 3).

3. Detailed kLa testing was completed to determine the optimal sparger design and selection. This was completed by testing a variety of single use spargers that are manufactured of materials compatible
with gamma radiation. The testing consisted of purging oxygen from purified water with nitrogen. Following that procedure, air was introduced at a constant flow rate and the percent saturation was graphed
and the data logged. After saturation was achieved, the data was processed to calculate the kLa.

4. A"Diffuser Functional Test” was completed with CHO Cells November 2023. In this non-sterile run, with a 3D printed vessel Somos® BioClear USP Class VI material, the diffuser was being evaluated for the
first time with cells. The kLa was estimated with only the diffuser fountain (no sparger) and was 8.05 h-1which is substantial. Since the viability reading both for the bioreactor and shake flask were high (97
- 98%) and similar, the conclusion is that there was not any specific condition in the bioreactor causing cell death. Additionally, the liquid diffuser showed no evidence of clogging and this was also measured
by logging the back pressure throughout the experiment.

5. For the first sterile batch run with CHO cells, a 3D printed BioClear vessel was designed with a lid sealed with a large 0-ring and a series of plastic bolts and was completed in July 2024. The complete
assembly was gamma radiated. A Mettler Toledo Single Use pH probe in a flow cell from PendoTECH and a custom made flow cell with a Single Use Mettler Toledo D02 probe were in the circulation loop in this
design. The run was a success with the control and bioreactor cell density and viability results being similar when accounting for a loss of control event overnight due to foam and a power outage, and S —
discovery that temperature was controlling to about 35°C instead of the desired 37°C. FIGURE 4 FIGURE 5

First Sterile Batch Run with CHO Cells

Diffuser Functional Test Setup
6. The first bag (film version) with CHO cells in a batch mode was completed in December of 2024. It consisted of an industry standard biocontainer film with port plates sealed to it which was then sealed

to a machined custom-made base from polyethylene. This material is required to enable the sealing of the film with the custom-made heat-sealing tool. The run was successful in terms using the first bag
version and performed well for sterility and with virtually no back pressure at the liquid diffuser with the pH and DO probes out of the circulation loop. However the machined base had a different slope in its
bottom that leads to the vessel outlet versus the 3D printed base in the previous run, and roughness from machining and cells started to settle and accumulate as the density increased. Up to that point the
bioreactor and control were performing similarly with matching glucose consumption.

7. Most recently, a fourth experiment was executed in continuous perfusion mode in collaboration with the Center for Biopharmaceutical Education and Training (CBET) in Albany NY. During this evaluation,
Chinese Hamster Ovary (CHO) cells were successfully cultured while ramping the perfusion rate from 0.5 to 2.0 VVD. The bioreactor successfully achieved a peak cell density of > 45x10° in seven days after
inoculation while maintaining high manual cell viability and more than adequate oxygen mass transfer was achieved. These findings provide clear proof-of-concept that high-density continuous perfusion
cultures can be robustly sustained entirely without mechanical impellers (Figures 9 and 10).
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The final design is a simple bag-style design with a liquid diffuser and gas sparger and no internal moving parts. The bag is sealed to the plastic rigid base via a custom designed film to plastic sealing tool _
and the bag portion has port plates sealed into it. The bag portion incorporates a number of key components including ports to receive the single use pH and DO probes, ports to support the liquid diffuser,
and addition ports. The rigid base prototype design has the correct slope which is the same as used in the first sterile run and contains the thermo-well for a temperature probe, the liquid drain, and the gas
inlet to the gas sparger. The final design includes the hollow fiber for operation in a perfusion mode and four PendoTECH Single Use Pressure Sensors- three for measurement of the filter performance and
one on the overlay tube to measure vessel pressure (Figures 7 and 8). The next objective is to conduct a comparative experiment to demonstrate this design's superiority versus an industry standard perfusion
bioreactor which contains an impeller with an external perfusion device.

FIGURE 6
Sterile Batch Run with CHO Cells and First Vessel with Film and Port Plates
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FIGURE 10
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FIGURE 7 FIGURE 8

A Novel Single-Use Perfusion Bioreactor Without a Mixing Impeller: Front View A Novel Single-Use Perfusion Bioreactor Without a Mixing Impeller: Rear View
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