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Automated On-line Sampling & Nutrient Monitoring 

Conclusions 
 SegFlow System provided an automated, on-line PAT solution for real-time nutrient monitoring 

of fermentation cultures 

 Rapid characterization of fermentation culture glucose consumption realized 

 Cellular metabolic change for Clean Genome E. coli identified in real-time through use of the 
SegFlow System  

 Comparability demonstrated for both on-line and off-line glucose analytical methods 
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Abstract 

Cell Growth & Metabolism Glucose Consumption & Glucose Fed Glucose Analysis Comparison 

Fermentation Culture Performance Data 

• Characterization of glucose consumption profile 
expedited with SegFlow system 

• High cell density cultures exhibit high glucose uptake 
rates 

A SegFlow® automated on-line vessel sampling system (SegFlow 
System) was evaluated for characterizing real-time glucose consumption 
of microbial fermentation cultures used for protein biotherapeutic 
production.  High cell density fermentation processes employing host 
strains of Scarab Genomics’ Clean Genome® E. coli were conducted at 
10L working volume using a biphasic approach.  Cultures were grown to a 
specific density in minimal salts/glucose media during the batch phase.  
Upon reaching the targeted density, glucose was fed exponentially to 
control the culture growth rate at a specified µ hr-1during the fed-batch 
phase.  The SegFlow System, consisting of the SegFlow autosampling 
module, a YSI® Biochemistry Analyzer and a fraction collector, provided 
real-time analysis of media glucose concentrations as well as 
programmed time-point sampling for manual glucose analysis and 
additional off-line analytics.  Automated and manual glucose analyses 
were compared to ensure fidelity of the results generated by the SegFlow 
System.   The SegFlow System provided an automated, real-time solution 
for monitoring glucose concentrations and, in turn, characterizing glucose 
consumption of E. coli fermentation cultures.  Results from the SegFlow 
System’s automated glucose analytical method and the manual technique 
were comparable as well.  

Fermentation Process 

Process Analytics 

On-Line – cell-free samples 

Off-line – cell containing samples 

• Megazyme Enzymatic Assay Kit /UV Spectrophotometer – acetate 

• Spectrophotometer  – cell density (OD) 

• SegFlow -  automated online sampling  - glucose analysis & fractions 

• FISP Sample Probe – fermenter cell-free sampling 

• YSI 2700 Biochemistry Analyzer – glucose analysis 

• Flow Fraction 400™ Fraction Collector – manual glucose samples 

• Same YSI 2700 Biochemistry analyzer used for 
comparing manual and automated methods 

• Automated and manual glucose analyses comparable 
throughout fed-batch phase 

• SegFlow system provided comprehensive glucose 
concentration profile throughout process duration 

• Metabolic shift in glucose metabolism identified in 
real-time at end of fed-batch phase (Strain B) 
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Automated Cleaning & Rinse Cycle 

Analytical Sample Withdrawal 

Rationale:   
• Implementation of SegFlow automated process analytical technology 
(PAT) should provide rapid characterization of Clean Genome E. coli 
glucose metabolism. 
• Comparability for both automated and manual glucose analytical 
methods should be demonstrated. 
 
Evaluation: 
• Evaluate the effectiveness of the SegFlow automated, on-line sampling 
system as a process analytical technology (PAT) for fermentation culture 
glucose monitoring as compared to an existing off-line glucose analytical 
method. 

Feed: Glucose/Nutrient feed solution. 
Solution fed exponentially to control 
growth rate at a defined u. 

Harvest: per process protocol 
 
                        

Temp: per process protocol 
pH:  per process protocol 
Working Volume:  10L 

Base:  On demand to control pH 

% DO Cascade Control: 
Agitation, process air/O2  
Increased to maintain 
desired DO concentration 

Exhaust Gas Process Air/O2: Sparged to 
control %DO 

Antifoam (as needed) 

SegFlow System 

Clean Genome 
Strain A 

Clean Genome 
Strain B 

Purge Sample  Purge Sample Segmented 

Analytical Sample Delivery 

Sterile barrier maintained via  
FISP Sample Probe & 
 Segmented On-line  

Sampling Module 
  

Sample line cleaned &  
sterilized after each sample 

  

Sample Retention & 
Off-line Analytics 

Nutrient  
 Monitoring SegFlow System 

Sample Delivery to 
 Biochemistry Analyzer  

& Fraction Collector 

Micro-filtered sample  
withdrawn through FISP  

Sample Probe  
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