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ABSTRACT 
Scaling up from bench-top bioreactors to large-volume 
perfusion cultures can offer challenges in terms of both 
bioreactor process and perfusion technology. In this 
study a single-use hollow fiber perfusion device and 
single-use bioreactor was used to determine the 
effects that membrane chemistry, pump strategy and 
filter surface area have on achievable viable cell 
density, protein production and protein harvest. Viable 
cell densities of 1.22 x 108 cells/mL and protein 
concentrations of 1.15 mg/mL were achieved in a 50L 
Thermo Scientific™ HyPerforma™ Single-Use 
Bioreactor (S.U.B.) TK. The ratio of perfusion  filter 
surface area to bioreactor volume can lead to 
significant protein loss. Additionally, sparger strategies 
and bioreactor controls need to be adapted to the 
various demands of high-cell density cultures. This 
data suggest that scale up to larger-volume perfusion 
cultures can be achieved through detailed process 
development activities focused on the unique aspects 
of perfusion, bioreactor and control technologies. 

INTRODUCTION 

The industry is moving toward high-density and high-
productivity cultures with a desire to reduce processing 
times and hardware footprint. To this end, the 
HyPerforma S.U.B. TK was used in conjunction with 
two separate single-use perfusion systems to explore 
the capabilities of the bioreactor and controller in 
achieving high cell density cultures. In addition, an 
evaluation of integration hurdles and the effects of high 
cell density cultures on growth and processing 
parameters was explored. 

METHODS 
Test Apparatus 

• Single-Use Bioreactor TK 
• CHO cell line 
• Thermo Scientific™ HyCell™ CHO media 

•  Run -1 and -2 
• Dual sparger; porous frit and open pipe spargers 
• Spectrum™ KrosFlo™  Perfusion System 
• mPES, 0.5mm ID, 0.54m2, 30kDa pore size 

• Run-3 (Figure 1) 
• Single sparger; drilled-hole sparger 
• Spectrum KrosFlo Perfusion System 
• mPES, 0.5mm ID, 0.54m2, 0.2µm pore size 

•  Run-4 (Figure 2) 
• Dual sparger; porous frit and open pipe spargers 
• Refine ATF™ 6 system 
• PES, 1.0mm ID, 2.5m2, 0.2µm pore size 

Analytics 

• Vi-Cell™ XR Cell Viability Analyzer 
• Octet™ 384 instrument 
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Figure 1. Spectrum KrosFlo Perfusion System with 
KrosFLO™ mPES membrane. 

Figure 2. ATF 6 system connected to 50L S.U.B. TK. 

Figure 3. Viability, viable cell density, and IgG 
concentration for four cell culture runs. 

RESULTS 

Cell Growth 

Viable cell density (Figure 3) reached a maximum of 
112.5 x 106 cells/mL under 2 vvd perfusion conditions 
with the KrosFlo Perfusion System and 122 x 106 
cells/mL under 1.5vvd perfusion rate with the  
ATF 6 system. 

Initial viabilities decreased in both systems at the 
initiation of perfusion mode, approaching 80 percent 
viability by the end of the run. It is possible that shear 
induced by the inlet pump mechanism caused some 
decline in viability. 

Protein Production 

Run-1 and -2, considered concentrated fed batch due 
to use of a 30kDa filter, resulted in very high bioreactor 
protein concentrations (1151 and 691µg/mL, 
respectively). While protein concentration plateaued in 
run-1 between days six to eight, protein production 
increased to 5.83 pg/cell/day for the final two days. In 
run-2, cell density increased continually resulting in 
decreased protein production rates (2.91 pg/cell/day). 

Permeate values in run-3 were measured only at four 
points but revealed that protein concentration across 
the filter is not conserved. Possible explanations 
include: (1) filter only partially permeable to protein; (2) 
protein adsorption to filter membrane. 

Measured bioreactor protein concentrations in run-4 
were very low compared to the other cell runs. This 
could be attributed to protein adsorption to the filter 
membrane (5x filter surface area compared to run-1 
through -3). 

Media Addition 

An advantage of the S.U.B. TK controller is the use of 
the recipe manager which allows user-configurable 
equations to be implemented. The Heaviside equation 
below was used to calculate media pump rates 
accounting for base and antifoam addition, 
evaporation, and permeate removal. The advantage to 
using load cells as opposed to a level sensor is to 
avoid high cell density cultures which often result in 
filter fouling. 
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Where “Feed” is the media pump rate, “Target” is the 
target pump rate, “k” modifies the response curve and 
“x” is the load cell reading minus the desired reading. 

Run-3 used this equation which resulted in more stable 
load cell readings (48.0 ± 0.24kg) compared to run-1 
(49.1 ± 1.16kg) and run-2 (48.7 ± 0.99-kg). 

Figure 4. Load cell readings for run-1 and through -3. 

Base Addition 

Total base addition (1N NaOH) and specific base 
addition rates (pL/min/E6 cells) are plotted in Figure 5. 
Run-1 and -2 used a traditional dual sparger devices 
(porous frit and open pipe). High cell densities (viable 
and non-viable) increased solution viscosity (>10 cP). 
The high extracellular protein concentrations caused 
some surface fouling of the porous frit sparger. 
Improved CO2 stripping performance was achieved in 
run-2, which had a low specific base addition rate 
despite a high actual base addition rate. 

Run-3 used a single drilled-hole sparger design, 
resulting in low actual and specific base addition rates 
throughout the run. This suggests that the new drilled 
hole sparger design results in improved CO2  
stripping performance.  

FUTURE STUDIES 

• Scale-up studies to larger volumes. 

• Characterization of high-density culture solutions 
and the effect on sparging dynamics and  
mass transfer. 

• Effect of wall and mechanical shear on cell health 
and protein production. 

• Investigation into protein adsorption to filter 
membrane to perform total protein mass balance 
and discover effect of membrane surface area to 
bioreactor volume. 

CONCLUSION 

• Peak cell density in run-4 at 1.5vvd of  
122 x 106 cells/mL. 

• Peak IgG concentration in run-1 at 1 vvd of  
1.15 mg/mL. 

• Load cells and recipe manager allowed for more 
controlled addition of media to avoid 
underfilling/overfilling the  
S.U.B. TK. 

• The drilled hole sparger used in run-3 offered 
improved CO2 stripping performance and reduced 
base addition. 

Figure 5. Total base addition and specific rates for run-1 
through -3. 
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Filter Performance 

Run-1, -2 and -4 used a single filter until clogging 
resulted in the experiment being terminated. In run-3, 
the filter was exchanged upon commencement of 2vvd 
perfusion, and terminated at the point at which the 
filter was fouled. In all cases the cell runs were 
continued until a point at which the filter fouled. 
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