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High Viable Cell Density Perfusion Bioreactor
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Methods of Cell Retention

e Spin Filter (Himmelfarb, 1960s)
e External Membrane Filtration (TFF, ATF)
 Continuous Centrifugation

e Gravitational Sedimentation
* Inclined Settlers (Batt et al, 1990)




Selected Data from Batt, B.C., R. H. Davis, D.S. Kompala, Inclined Sedimentation for
Selective Retention of Viable Hybridomas in a Continuous Suspension Bioreactor

Biotectnol. Prog., 1990, Vol. 6, No. 6
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Figure 3. Mean cell diameter (circles) and visble fraction
(triangles) in reactor and overflow stream samples over a r

of settler overflow rates. The chemostat dilution rate was 0.
day™! and the inclined settler was 37 cm long at an angle of
inclination of 30® throughout the study.
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Figure 4. Effect of settler overflow rate on the concentrations
of viable and nonviable cells in the overflow stream relative to
those in the reactor at a chemostat dilution rate of 0.59 day™.
An inclined settler 23 ¢cm in length at an angle of inclination of
30° was used in the study.




Selected data from Searles, J.A., P. Todd, D.S. Kompala, “Viable cell
recycle with an inclined settler in the perfusion culture of suspended
recombinant CHO cells,” Biotechnoloayv Proagress 10: 198-206 (1994)
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Figure 6. (A) Viable and nonviable cell concentrations and (B)
viability for the bioreactor culture of suspended wild-type CHO
cells used for the settler residence time experiments.
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CFD-Aided Cell Settler Design Optimization and Scale-Up: Effect of
Geometric Design and Operational Variables on Separation Performance

Yuyi Shen and Kurt Yanagimachi
Process Sciences, BioMarin Pharmaceutical Inc., 73 Digital Drive, Novato, CA 94949
Biotechnol. Prog., 2011, Vol. 27, No. 5 1289
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Figure 4. Visual validation of the solids concentration using the CS20 CFD model and acrylic CS20 settler.

Inlet flow rate = 100 mL/min, harvest flow rate = 10 mL/min, feed solid mass fraction = 10%.




From “Optimizing Capacity Utilization by Large Scale 3000 L Perfusion in Seed Train Bioreactors”
by Michael Pohlscheidt, Melanie Jacobs, Stefan Wolf, Joerg Thiele, Alexander Jockwer, Josef Gabelsberger,
Marco Jenzsch, Hermann Tebbe, and Josef Burg, Pharmaceutical Biotech Production and Development,
Roche Diagnostics GmbH, Penzberg, Germany, Biotechnology Progress, 29 (1): 222-229, 2013




Inclined Settler — a superior cell retention device

Simple, passive, robust & powerful technology
Uses no membrane barriers that can clog!

Uses no moving parts that can break down!
Proven at large scale for mammalian cell cultures
Selective removal of dead cells and cell debris
Complete recycle of live cells to bioreactor

High viable cell density and productivity

Perfusion bioreactors can be operated indefinitely

Not demonstrated so far for microbial cells




Perfusion Bioreactor Culture of Yeast
P. pastoris Cells using IrLgllned Settlers
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Materials & Methods

* Cells: Pichia pastoris (x-33) size: 3 — 6 microns
* Bioreactor size: 1.5 liters, computer controlled

* Inclined Settler: CS-10 (from Dr. P. Brown,
Biotechnology Solutions, Inc.) lamellar settler
designed for 2 - 4 liter mammalian bioreactor

* Suggested max perfusion rate of ~8 liters/day for
mammalian cell culture, i.e. 333 ml/hr

* Media: Glycerol, plus basal salts medium
e Temp:28°C pH:5.6 Air flow: ~1 vwm




700

A

600

Ul
-
o

<

N
o
o

W
-
o

200

100

Perfusion Rate (ml/day) & Optical Densities
o
o

0 A—A—h—A—kA | |
0 100 200 300 400 500 600 700

Culture Duration, hours



OD Ratio (Outlet OD/Bioreactor OD)
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Centrifuged samples from
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Lessons Learned from Lamellar Settler
for the smaller yeast Pichia cells

* Inclined settler can separate dead cells and cell
debris into the settler top outlet, while the larger
live yeast cells are recycled back to the bioreactor.

* Very high cell densities (> 500 OD) are achieved and
maintained for several weeks (interrupted by power
outages in India shutting off pumps in weekends).

* CS-10 designed for up to 10 liters/day perfusion
rate in mammalian cell cultures can be operated up
to only 400 ml/day, before losing a significant
fraction (>25%) of the smaller yeast cells.




Novel Compact Cell Settlr§

* We have now built and ISR
patented some more '
efficiently scaled-up
compact cell settlers.

e These novel cell settlers are B
smaller, need less foot-

print, and can scale up in
true 3D.

e These novel cell settlers can
be used for microbial and
mammalian cell cultures. i
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Perfusion Bioreactor of P. pastoris cells with
Compact CeII Settler as retention device
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Bioreactor & Settler Effluent Samples
Centrifuged & Control




Conclusions

Inclined settler technology can be successfully used
to remove smaller dead cells / cell debris and
achieve high cell densities for microbial perfusion

cultures.

Rectilinear scale up of inclined settlers as lamellar
settlers is inefficient for microbial cell cultures.

More efficiently scaled up “compact cell settlers”
can be used with microbial yeast cells, which are
maintained at very high cell density (> 800 OD) for
4 weeks in continuous perfusion bioreactors.
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