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Abstract 
The transformation of biotherapeutics will require a new level of 
collaboration among a wide variety of disciplines encompassing biology, 
engineering, advanced process control, signal processing, modeling, 
molecular biology, and higher mathematics.  By leveraging knowledge from 
each of these disciplines, the design, optimization, and control of 
biotherapeutic production can be revolutionized. Since the characteristics of 
the product depend directly on the behavior, or state, of the cell population, 
quantifying and understanding the “cell state” is paramount to achieving 
process improvements, meeting quality-by-design (QBD) requirements, and 
shortening development timelines.  
 
Here, we present an emerging process-development methodology that is 
based on applying novel and existing bioreactor monitoring technologies to 
existing bioreactor processes, coupled with applied mathematics and data-
integration techniques across disciplines. 
  
This approach employs the use of dielectric spectroscopy (DS), other 
enhanced process analytical technologies (PATs), and cell-based bioreactor 
models with a simple, compact device that automatically obtains samples 
aseptically at specified intervals for off-line analysis.  Cell-state information 
gained from these individual tools is then coupled using data-integration and 
applied-mathematics techniques to increase process understanding at the 
cellular level under different growth conditions. 
 
DS is particularly useful in this new methodology because it can be used to 
detect discrete changes in cell populations (e.g., cell death, cell morphology, 
organelle content) and other biophysical properties, as well as to study the 
impact of media and the reactor process on mammalian and prokaryote 
cells.  Bend Research is exploring novel applications of DS to study 
underlying cell processes to provide valuable real-time and noninvasive data, 
which are not available from other technologies that require direct sampling 
of the cells and media.   
 
This poster presents case studies demonstrating how this methodology has 
been used to provide a uniquely detailed look at cellular-level information 
and to investigate apoptosis in CHO cells in bioreactors and shake flasks.   

Background on Dielectric Spectroscopy 

Cells store charge under the influence of an electric field. 

Methods 

Conclusions 
An “engineering-centric,” multidisciplinary approach to understand cell state offers a unique platform for developing robust 
processes.  Dielectric spectroscopy is just one of several PATs that can be leveraged as part of this approach.  However, new 
methods are required to make effective use of the potentially daunting amount of data generated by improved sampling 
technologies and these new PATs.  
 
As part of this approach, applied mathematics and appropriate process models can greatly aid in the reduction of these data into 
useful process guidance. In the short term, streamlined software algorithms can allow real-time trending and data analysis, 
including a higher sophistication of data interpretation.   In the mid- to long-term, coupled technologies can enable innovative 
process-control strategies, as well as novel integration with new analytics. The knowledge gained using this improved process-
development methodology also supports a less-invasive monitoring and feedback system and can be implemented using a 
customized bioreactor control code. 
 
The methodology described here offers an improved way to turn large raw data sets into useful guidance for process monitoring 
and development.  This methodology enables better use of existing data, as well as strategies to generate more and higher-quality 
data sets, to meet the dynamic nutrient requirements of cell cultures.  In addition, it allows responsive control of the system, 
positively influencing the behavior of the cell population.  
  

• DS probes collect data by sending out an electric field in situ in the bioreactor and measuring the response.  
• Major application of the technology is to measure biomass in real time. 
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[Data from Ref. 1]

• How well a cell stores charge depends on the frequency of the applied electric field. [2] 

• Frequency scanning can provide a “fingerprint” of the electrical properties of the cell population.[2] 

Case Study B:  Observation of Apoptic Cell Populations 
• Fed-batch CHO cell cultures were run in 

parallel (2-L bioreactors). 
• Cultures were monitored by  

frequency-scanning DS probes. 
• Experimental culture was dosed with 1-µM 

staurosporine[3] on Day 14 to induce 
apoptosis. 

• A more drastic change in the beta-
dispersion curve was observed 
when aptosis is induced by 
staurosporine addition, compared 
with the control. 

Results 
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Automated, Aseptic 
Sampling Technology 

• Clone A has a higher cell-specific production rate of 
ammonia than Clone B. 

• Comparison of other metabolites provides 
additional insights. 

• Both clones are likely being overfed based on 
ammonium production. 

Time Series of Frequency Scans VCD Versus Time 
For Staurosporine-Treated and Control Cultures 

DS probes effectively monitor the physical cell state. 

• Methodology was applied to investigate apoptosis in 
CHO cells in bioreactors and shake flasks. 

• DS allows accurate  measurement of viable cell  
density (VCD)  without sampling. 

• The ultimate goal is to create predictive strategies for 
decreasing heterogeneity from the parental cell line 
through clone selection and to become smarter about 
media development. 

• Applied mathematics are used to leverage the large raw data 
sets from DS and other PAT sources, analyzing them using 
the data-integration graphical user interface (GUI) shown 
above with a variety of techniques. 
 Signal processing 
 System dynamics 
 Multivariate analysis 
 Model development 
 Data visualization 

 

Overview 

• Large data sets are generated using DS and other 
PAT technologies, with a goal of making the state 
of the cell “observable.” 

• In addition to DS, this includes the use of the 
automated aseptic sampling valve, which enables 
frequent in-process sampling at specified 
intervals. 
 

Approach 

Case Study A 
Observations: 


