Production of recombinant mGM-CSF in glycoengineered P. pastoris
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Current manufacturing methods of heterologous proteins based on mammalian cell culture do not allow for the control of glycosylation and produce a mixture of different glycoforms, which matter of fact hampers the optimisation of a drug’s therapeutic profile. Since glycoengineered Pichia pastoris strains are capable of processing proteins with N-glycans similar to that of higher mammals and humans, their potential for manufacturing fully functional therapeutic glycoproteins is now being examined. As a suitable model, expression of the recombinant murine granulocyte-macrophage colony-stimulating factor (rmGM-CSF) was studied systematically using a Mut+ strain engineered to secrete proteins with a homogeneous Man5GlcNAc2 N-glycan profile. In a series of experiments the uncoupled effect of specific growth rate and growth temperature on (1) product formation, (2) efficiency and (3) homogeneity of N-glycosylation was quantified. Continuous culture experiments served as means to unravel the mechanisms that underlie the expression of correctly processed rmGM-CSF protein. The knowledge gained on the relationships between culture conditions and product expression (both in terms of quantity and quality) was used to design an optimum manufacturing procedure in fedbatch mode.

For cells grown in mineral medium at 20°C, neither the product yield nor the productivity were significantly affected by the specific growth rate, i.e. dilution rate of continuous culture was set at 45% and 71% of µmax. At 30°C and 45% of µmax, a product yield of (4.78 ± 0.42) mg product per g cell dry weight was found to be more than twice as high as those achieved at 20°C or 30°C and 71% µmax. However, productivity remained unaffected at the two dilution rates studied at 30°C. Regardless of the cultivation mode (i.e. continuous, fedbatch), product size ranged between 14 and 25 kDa depending on the particular glycosylation attached. DSA-FACE analysis of N-glycan profiles in culture supernatants revealed a gradually increasing heterogeneity as the continuous cultivation proceeded, with the highest observed at 20°C and 71% µmax. Hence, the most favourable conditions enhancing the glycans’ homogeneity are temperatures close to growth optimum and low specific growth rates.

So far, the best production was attained in a high-cell-density (HCD) fedbatch culture at 30°C, i.e. 256 mg/l of rmGM-CSF with >80% homogenous Man5GlcNAc2 structures. Due to the particular set-up of substrate addition during 72 hours of production (induction) phase, the specific growth rate varied between 20 and 45% of µmax with methanol as the sole source of carbon and energy. The product expression was triggered after a temporary accumulation of methanol (up to 3 g L-1) and clearly exhibited growth-associated kinetics with a yield of (3.21 ± 0.92) mg/g and an average product formation rate of (0.09 ± 0.03) mg/(g h). Provided the highest product yield observed in continuous cultures could be maintained during HCD-fedbatch, final titres with a magnitude of several g/l are anticipated for this costly product.

These phenomena open an interesting range of possible future investigations on processing N-glycans using glycoengineered Pichia cultures grown with different carbon sources and/or under the limitations of elements other than carbon. 
