Air-Wheel® Bioreactor System as a Scalable, Flexible Bioprocessing Platform
Yas Hashimura1, Daniel Giroux1, Brian Lee1, Yong-Jae Kim2, Manuel Carrondo3
1 PBS

Biotech Inc., Camarillo, California, USA, 2 Green Cross Corporation, Yongin-Si, Korea,

3

Instituto de Biologia Experimental e Tecnologica (IBET), Lisbon, Portugal

Introduction

Scale Up of Hybridoma Cells in Suspension

The patented single-use Air-Wheel® bioreactor system from PBS Biotech utilizes a large,
vertically-rotating impeller to promote a gentle, uniform mixing environment ideal for a wide
range of cell culture processes. It is the first volumetric bioreactor whose geometry was
specifically designed to optimize mixing. The result is a bioreactor that offers both gentler
mixing and lower shear stress than horizontally-stirred tanks with traditional geometries.
This new mixing system improves the scalability of bioprocess over traditional systems and
offers better performance in shear-sensitive applications such as anchorage-dependent cell
cultivation on micro-carriers and transient transfections as well as high cell density
suspension cell culture processes. This bioreactor system with superior mixing
characteristics holds promise to be the enabling technology for efficient and flexible
manufacturing of future therapeutic protein, vaccine, and cell therapy products.

Hybridoma cells producing an antibody were cultured for 7 days in fed-batch mode in the 3L, 15L,
80L, and 500L Air-Wheel® bioreactor systems at Green Cross Corporation using identical culture
conditions except for agitation rate. Batch medium consisted of CD Hybridoma (Gibco) and Cell
Boost 6 (Hyclone), and glucose and glutamine were fed throughout the run. For each bioreactor,
agitation rate corresponding to impeller power input per volume (P/V) of 0.5 W/m3 was chosen as
the initial impeller speed and was increased to 1 W/m3 on Day 2.
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Air-Wheel® Mixing Technology
Comparable viable cell
density, viability, and
product titer profiles were
attained across all four AirWheel® bioreactor sizes,
which demonstrates that
this system is capable of
producing predictable
results during process
scale-up.

The Air-Wheel® bioreactor system is the first
with a pneumatic mixing device powered solely
by gas buoyancy, eliminating the need for an
external mechanical agitator.
The patented design of the Air-Wheel® mixing
device promotes not only high tangential fluid
flow around the wheel but also efficient radial
and axial flows.
The leverage effect of the Air-Wheel® mixing
device allows lower gassing requirement (v/v)
with increasing working volume.

Wall shear stress profile of Air-Wheel by Computational
Fluid Dynamics (CFD) modeling

Physical Tests

Efficient Expansion of Primary Cells on Microcarriers
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Human mesenchymal stem cells (hMSCs) were seeded onto 16 g/L of Synthemax II microcarriers
(Corning) and expanded in the Air-Wheel® system at 2L working volume, with a 250mL stirred-tank
system run in parallel as control, to determine feasibility of process scale-up from 250mL to 2L
working volume. 50% medium exchange was performed on Day 5, 7, 10, and 12.
On Day 6, 32 g/L of fresh Synthemax II microcarriers were added to the culture to initiate cell
migration onto the empty beads for continued cell expansion. On Day 14 the culture was
harvested, and quality assays were performed on harvested samples to ensure that hMSC identity
was maintained during culture.

95% mixing time was measured in Air-Wheel® mixing systems by measuring the
change in conductivity readings from bolus additions of concentrated salt solution.
Mixing times were found to be significantly shorter than reported values in
conventional stirred tank systems.

Cells were stained with FDA and PI,
and microcarrier colonization was
determined via observation under the
microscope.
Over 90% of beads were shown to be
colonized by day 6 in both systems,
and 80% colonization was attained via
cell migration within six days of fresh
microcarrier bead addition.

 Low Shear Stress
Shear stress was calculated
from CFD modeling on Star
CCM software at various
working volumes for both AirWheel® and stirred-tank
bioreactor systems.
Lower average shear stress on
the impeller was found in the
Air-Wheel® system compared
to stirred-tank bioreactor at
typical impeller speeds.

 High Mass Transfer Coefficient
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High gas-liquid mass transfer coefficient (kLa) is achievable in the Air-Wheel®
system due to the dual gas sparging mechanism. At 10L scale, 1.25 SLPM gas
flow rate through the open-tube sparger and 0.30 SLPM gas flow rate through
the microsparger resulted in kLa of ~20 hr-1.
The combination of short mixing time, low shear stress, and high mass transfer
coefficient makes the Air-Wheel® bioreactor systems a scalable solution for
upstream bioprocessing of animal cells.

Cell density increased to a peak density of
2x105 cell/mL (8 folds) at 16 g/L bead
density and further to 3x105 cell/mL (12
folds) at 48 g/L bead density in the PBS,
with similar results obtained in the ST.

Positive and negative markers for hMSC identity
were analyzed via flow cytometry on Day 14
samples and compared to those from seed culture.
The results showed that the hMSCs maintained
their immunophenotype in the bioreactors.

Conclusions
The patented design of the vertically-rotating impeller and rounded bottom of the bioreactor vessel
allows fluid mixing in the Air-Wheel® bioreactor system to occur faster and more uniform compared
to conventional stirred-tank systems, while imparting lower mechanical shear stress on the cells.
These benefits allow the Air-Wheel® system to be a scalable upstream solution in bioprocessing.
The biological test data highlight the flexibility and scalability that this bioreactor offers, from culture
of hybridoma cells to high densities to directed expansion of shear-sensitive primary cells such as
hMSCs on microcarriers.

