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Abstract
The novel single-use bioreactor from PBS Biotech® is the first with a pneumatic mixing

device powered solely by gas buoyancy, eliminating the need for an external mechanical
agitator. It is also the first volumetric (non-fixed bed type) bioreactor whose geometry

was designed specifically to optimize mixing. The result is a bioreactor that offers both

gentler mixing and lower shear than stirred tanks with traditional geometries. This both

reduces the scale up problem over traditional systems and offers better performance for

bioprocesses using shear-sensitive cell lines and applications such as microcarriers and

transient transfections. A recent series of experiments comparing the performance of PBS

Air-WheelTM bioreactors to that of traditional stirred-tank bioreactors are presented here, with

the goal of evaluating how low-shear mixing may improve performance in shear-sensitive
applications such as microcarriers. This superior and commercially available bioreactor

system holds promise to be the enabling technology for new biological and vaccine products.

Human alveolar adenocarcinoma

(A549) cells were cultured on Cytodex-1
microcarriers for up to 150 hrs in 200mL
stirred-tank bioreactor and 3L PBS

bioreactor using Invitrogen™ FK12

medium with 10% Fetal Bovine Serum.
The cells were trypsinized and added
to 3 g/L microcarrier suspension and
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12 hrs post-seeding
in stirred tank

48 hrs post-infection

48 hrs post-infection
in stirred tank

constantly agitated during seeding. The
cells were then infected with oncolytic

adenovirus at 50 hr post-seeding, when
confluence was reached.

Cell attachment occurred much more

quickly and evenly in the PBS system

Air-WheelTM Mixing Technology

compared to the stirred-tank, as

evidenced by images from microscopy

(right). In the PBS system operated at

The patented design of the Air-Wheel mixing
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device consists of two critical features: the
air cups and the vanes.
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The air cups, located on the periphery of the
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Air-Wheel device, capture the gas bubbles
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from the sparging element, powering its
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rotation and creating high tangential fluid
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flow around it. The vanes positioned

0.00

inside the Air-Wheel device help create

bidirectional, axial fluid flow as the wheel
rotates. The combination of these flows

results in highly efficient, three-dimensional
fluid motion.

in PBS

20 rpm agitation rate, most of the cells

attached evenly on microcarriers just 2

hrs after seeding and showed the spread
morphology after 12 hrs. At 48 hrs postinfection, the cells began to take on the

rounded morphology stemming from the

cytopathic effect (CPE) of viral infection.

in PBS

In the stirred-tank system with a 4-blade

marine impeller operated at 90 rpm, cell attachment was uneven and did not occur until 12

hrs post seeding. At 48 hrs post-infection, the cells did not show as much CPE as in the PBS

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

system.

In the PBS system, faster cell growth rate and

By applying the buoyant force of the rising gas bubbles on the periphery, we are able to

twice the peak cell density (1.2x106 cell/mL vs.

scale the size of the Air-Wheel proportionally with the bioreactor size, to maintain gentle fluid

0.6x106 cell/mL) were attained, compared to

mixing with low wall shear stress across a full range of bioreactor scales.

the stirred-tank system at the same seeding
density (left).

This confirms the results from the visual

observation on the microscope, where cells

Scalable Bioreactor System

reached confluence faster and attained the

desired spread morphology in the PBS system
and is a clear indication that the cells are
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Virus titer was quantified by the 50% Tissue

Culture Infectious Dose method (TCID50). Both

0.02

intracellular and extracellular volumetric viral
productivity were found to be higher in the

62

PBS system compared to the stirred-tank. The
intracellular volumetric viral productivity (left)

95% mixing time was calculated in PBS systems ranging from 2L to 5,000L working volume
by measuring the change in conductivity readings from bolus additions of concentrated salt
solution.

was twice as high in the PBS system com-

Mixing times were found to be between 20 sec and 62 sec over a wide range of working
volumes in the PBS systems, significantly shorter than reported values in conventional
stirred-tank systems.

Superior viral productivity in the PBS system

pared to the stirred-tank at the peak, 48 hrs
post infection.

may be attributed to the low-shear, gentle

mixing environment that allows the cells to

attach to microcarriers faster and more evenly.

NLow Shear Stress
Shear stress was calculated from
CFD modeling on Star CCM software.
Lower average shear stress (Tavg, in
Pa) on the impeller was found in the
PBS systems compared to stirredtank bioreactors at typical impeller
speeds.
Comparably low level of shear stress
was found in the PBS system ranging
from 3L to 2,500L working volume.

Conclusions
A novel bioreactor system from PBS Biotech utilizes the patented Air-Wheel technology to

promote uniform and homogenous liquid mixing and offers a low shear environment for cell
culture. Recent biological tests performed at academic research organization IBET have

demonstrated superior cell attachment and growth on microcarriers as well as higher viral

productivity in the PBS 3 system when compared to a 200mL stirred-tank system. Results

from cell imaging, cell counting, and viral titer quantification have all confirmed that the PBS
system offers a clear advantage to conventional stirred-tank systems in shear-sensitive

applications such as microcarriers. The novel, Air-Wheel bioreactor system from PBS holds
promise of unmatched, scalable performance in shear-sensitive applications for future
biological and vaccine products.
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