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ABSTRACT
Fed-batch cultures of mammalian cells have been widely utilised for the manufacture of monoclonal antibodies. At Lonza Biologics, 
existing generic fed-batch processes used at cGMP manufacturing scale have produced product concentrations in excess of 4.5 g/L.  
Subsequent activities has therefore focussed on improving process robustness as well as shortening process time whilst maintaining 
product characteristics.

A primary area of focus for improving process robustness has been to modify the pH control strategy.  Initial studies characterised the 
effects of pH on cell growth, metabolism and antibody production rate. Batch 10-litre bioreactor cultures were operated at constant pH 
for a number of pH values between 6.70 and 7.25.  The results obtained showed that cell growth, lactate production and glucose uptake 
rates are all substantially reduced at lower pH values.  Other parameters, including product synthesis and amino acid uptake rates, 
display little variation with culture pH within the range of 6.70 to 7.25.  

In addition to modifying the pH control strategy; nutrient feeds have also been reformulated in order to improve process robustness.  
Results obtained from this study show that reformulation of nutrient feeds has resulted in a reduction in feed alkalinity and subsequently 
enabled the de-coupling of pH control and nutrient feed application.  

Data obtained from 10-litre bioreactor cultures operated at constant pH 6.80 using the reformulated feeds show that operating with such 
conditions resulted in:
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In summary, we have shown that co-optimisation of bioreactor physiochemical conditions and feed composition was an effective 
strategy to improve both cell metabolism and productivity.

MATERIALS AND METHODS
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Procedure for operating laboratory-scale bioreactor cultures 
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using an Agilent 2100 Bioanalyser. 
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RESULTS AND DISCUSSION

Effects of pH on cell growth, metabolism and product synthesis rate.
In order to modify the pH control strategy, initial studies characterised the effects of operating at constant pH between the values 
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In summary, results obtained showed that cell growth, lactate production and glucose uptake rates are all substantially reduced at 
lower pH values.  Other parameters including antibody production and amino acid uptake rates display little variation with culture pH 
within the range of 6.70 to 7.25.  Further information on this study is presented in the poster entitled: ‘Improving process performance 
by increasing process robustness: controlling the physiochemical environment of the culture.’ Jaques, C. et al. 

In addition, the effect of pH values 6.70 to 7.25 on amino acid uptake rates was also investigated using two GS-CHO cell lines in batch 
10-litre bioreactor cultures.  Amino acid analysis results obtained for both cell lines showed that uptake rates for all consumed amino 
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lines showed that uptake rates remain relatively unaffected between the pH values of 6.80 and 7.25 but do exhibit minor differences 
between the cell lines tested.
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of cell growth, glucose consumption and lactate production are highest at pH 7.25 when compared to the lower pH values investigated.  

Nutritional Modi�cations
To improve process operability and robustness, nutrient feeds were segregated and reformulated in order to remove the requirement 
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Applying the reformulated feeds at an optimised feed rate, in conjunction with operating bioreactor cultures at a pH of 6.80, resulted 
in a slight reduction in maximum viable cell concentration when compared to results obtained using the original feed and pH drift 
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A reduction in lactate production was apparent in bioreactor cultures using the reformulated feed, suggesting a shift in cell metabolism 
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Utilising the reformulated feed, it was possible to restrict the pCO2 levels to a maximum of 104 mmHg.  
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were also comparable to each other.  The intact antibody had a molecular weight of approximately 157 kDa.  An additional fragment was 
also observed in both conditions which had a molecular weight of approximately 87 kDa.  This half-antibody structure is commonly 
observed with IgG4 molecules.
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Figure 4: Figure showing reduced and non-reduced electropherogram images of day 15 samples taken from bioreactor processes 
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excessive alkali addition to the culture.  This reduction in alkali addition consequently reduced overall osmolality levels in the culture 
as well as restricted pCO2 levels to 104 mmHg.
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