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ABSTRACT

The objective of this work was to optimize and scale up the suspension culture
of the hybridoma 192 cell line for producing a diagnostic monoclonal antibody (MAb)
against Congenital Adrenal Hyperplasia (CAH), a rare human genetic disorder. An
inexpensive and simple culture method was desired.

The hybridoma 192 had previously been grown only in serum-containing media,
mostly in static flasks. Baseline data were obtained in tissue culture flasks (T-flask) with
the cells grown in Dulbecco Modified Eagle‟s Medium (DMEM) supplemented with
5% fetal bovine serum (FBS). Cells were first adapted to grow in DMEM with a
reduced serum content of 2%. These adapted cells were grown in T-flasks, spinner
flasks and a 2 L stirred tank bioreactor, to assess process scalability. Compared to Tflasks and spinner flasks, a high specific MAb production rate could be achieved in the
highly controlled conditions of the 2 L bioreactor.

In the next step, the serum content of the media was further reduced to 0.4% by
adding inexpensive components (ferric citrate, sodium selenite, zinc sulfate, 2mercaptoethanol, essential amino acids and ethanolamine) to the medium to replace the
functionality of serum. Media design experiments were conducted in T-flasks using a
design of experiment methodology to screen components for their effectiveness in
substituting serum and supporting the growth of the hybridoma cells. The significant
components were then optimized through a central composite design (CCD). The
optimized medium was verified after adapting the cells to this new formulation. Of the
screened components, only sodium selenite, zinc sulfate and ferric citrate were found to
substitute for some of the functions of serum. Serum requirement of the cells was
successfully reduced to 0.4% by supplementing the medium with 311.8 µM ferric
citrate, 17 nM sodium selenite and 4.5 µM zinc sulfate. With this new formulation, the
total cost of the medium was reduced by nearly 80% compared to DMEM supplemented
with 5% FBS. The specific growth rate of the cells in this new formulation was
comparable to that in the DMEM medium supplemented with 2% FBS. Similarly, the
specific MAb production rate in the new medium was comparable to that of DMEM +
2% FBS. The antibody produced in the new formulation could specifically detect its
antigen, 17-OHP.
i

In a further step, amino acids, lysozyme, dimethyl sulfoxide (DMSO) and
lipopolysaccharide (LPS) were screened as potential inducers of MAb production in this
cell line. An effective inducer (i.e. LPS) was identified, but the level of enhancement of
the average specific MAb production rate could not compensate for the high cost of the
inducer. Therefore, the inducer was not used in further work.

Using the new low-serum medium, the cell culture was scaled-up to a 2 L
bioreactor and the operating parameters were screened with a fractional factorial design.
A total of 5 parameters were screened. They were pH, temperature, dissolved oxygen,
stirring speed and gas sparging rate. The significant parameters were then optimized
with a central composite design. The resulting optimized parameters were verified and
used to scale up to a 20 L bioreactor using constant impeller tip speed as the scale up
criterion. The performance of cells in the 20 L bioreactor was then evaluated. All 5
operating parameters screened and optimized in the 2 L bioreactor significantly affected
the culture performance. The optimum operational condition to maximize the MAb
production rate were a sparging rate of 0.09 vvm, a stirring speed of 100 rpm, a pH of
7.4, a temperature of 36.8 C and a dissolved oxygen level of 30% of air saturation. The
specific Mab production rate at this optimum point was 0.2730 pg/cell.h and the specific
growth rate was 0.0363/h. This was equivalent to a production of 11.941 µg/mL (or
11.9 mg/L) of MAb per batch. By using the constant impeller tip speed scale up
criterion, the stirring speed in the 20 L bioreactor was calculated to be 37 rpm. The
other operating settings remained the same as in the 2 L bioreactor. There were
improvements in the specific growth rate (0.0401/h) and the maximum viable cell
density (1.89 × 106 cells/mL) attained by the hybridoma 192 in the 20 L bioreactor.
Nevertheless, both the maximum MAb titer (9.782µg/mL) and the average specific
MAb production rate (0.1695 pg/cell.h) were slightly reduced relative to the 2 L
bioreactor. This was due to the negatively-growth associated production characteristics
of the MAb. The product quality was examined through specificity tests and SDSPAGE. The MAb produced in the 20 L bioreactor was found to be specific to its antigen,
17-OHP.

ii

In conclusion, the production of the diagnostic MAb against CAH was
successfully optimized in a newly developed medium that greatly reduced the cost of
culture. A successful scale up of the production process to a 20 L bioreactor was
demonstrated.

iii
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