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Pichia pastoris is commonly used for recombinant protein production. In this regard, fed-batch fermentation of Pichia strain has 

typically a growth phase where glycerol is used as carbon source, followed by a production phase where methanol serves as 

carbon source and inducer for protein expression. In the present work it was investigated the influence of different dissolved oxygen 

(dO2) concentrations in P. pastoris growth, in a typical combined glycerol-methanol fed-batch fermentation using micro-Matrix with 

the aim to optimize both dO2 concentration and aeration strategy. The fermentation was performed as previously described in the 

work of Edwards-Jones et al., 2015, in a 7 L Applikon’s bioreactor. This work proves that micro-Matrix can be used in the scale-up 

process since the results obtained regarding biomass achieved was similar to the one achieved in the 7L bioreactor. 

Microscale processing techniques offer the potential to speed up the delivery of a new bioprocess to the market, reducing 

development costs and increasing customer benefits [1].

Determination of quantitative process parameters for optimizing production strains and cultivation conditions, are key 

elements during bioprocess development, especially the optimization of heterologous protein production in biocatalytic and 

biopharmaceutical manufacturing processes [2].

P. pastoris is one of the most chosen system for protein production [3]. The protein expression is influenced by many biological and 

bioprocess parameters which are defined in early development phases and kept constant from 7L scale-up to production scale [2]. 

To optimize the production of a protein a thorough selection of the parameters affecting the expression is required to adjust 

them to the target protein. This task can be very challenging as the number of possible parameter combinations exponentially 

grows with each additional parameter. Small-scale bioreactors, owing to its high-throughput qualities, can significantly decrease 

development time and costs and reduce raw materials used [4].

The dissolved oxygen (dO2) is one of the most important parameters affecting protein expression [5]. The aim of this work 

was to use micro-Matrix to scale-down the glycerol-methanol combined fed-batch of P. pastoris wild type carried out in a 7L 

bioreactor to screen the optimal dO2 concentration. Optimal conditions were measured in meaning of highest biomass achieved 

once there was no protein production expected from a wild type strain.

• P. pastoris wild type (ATCC 28485)  fed-batch culture was performed in the 24-well cassette of micro-Matrix (Figure 1) with 

initial working volume of 3 mL. Glycerol batch phase used YPG as culture medium, inoculated with an overnight pre-culture 

in YPD medium.

• Upon depletion of glycerol, which was determined by a dO2 spike, 50% v/v glycerol feed was initiated at 45 µL/h.

• dO2 was optimized by testing different air saturations (see Figure 2). Each set point was maintained during batch phase using 

air and pure O2 in cascade. When glycerol feed was initiated, due to a higher oxygen demand, pure oxygen was delivered to 

the wells with the set point of 30% and 50%. In the wells with the set point of 100% the cascade was maintained. 

The orbital shaking speed was experimentally adjusted, to each stage of the fermentation.

• At 73 h of experiment, when cell density reached OD600 of 70, a methanol feed started at 24 µL/min. This step was 

performed merely to observe the dO2 profile when the yeast is in the presence of methanol, once protein production is not 

expected from a wild type.

• Temperature was controlled at 26ºC  (recommended by the strain supplier [6]). 

• pH was not controlled.

• P. pastoris expression system requires an extremely high oxygen supply, which can be hazardous in the presence of 

methanol and expensive in a large scale [7]. In 8 wells of a micro-Matrix cassette dO2 was set at 100% and was maintained 

above 30% the entire experiment, by using air and O2 in cascade. In these wells it was not required the use of solely pure O2 

to maintain the set point unlike in the set points of 30% and 50%.

• A dO2 spike after 25 h of experiment marked the end of glycerol batch phase, the carbon source was terminated which 

caused the culture to decrease its metabolic rate and consequently the dO2 to raised (Figure 3). This conclusion was also 

supported by the pH increased from 3.6 to 4.8. 

• At glycerol fed-batch, the addition of glycerol  causes an immediate drop on the dO2. The results presented on Figure 3A show 

micro-Matrix effectively controlling the dO2 at the different set points during this phase. According to Figure 3B  the highest 

biomass (OD600 = 70) was achieved at dO2 set point of 100%. Although, it is worthy of note that pure O2 was not continuously 

added to these wells and therefore, the evaporation was higher. 

• When OD600 reached 70 triggered the start of the methanol feed [8].  Generally, the addition of methanol is characterized 

by a decrease and erratic dO2 values while the culture is adapting to methanol [6,9]. We were able to observe this behavior 

during the six hours of methanol feed and to verify micro-Matrix’s ability to successfully control the dO2 at the set point 

during this period.

• The results proved that the micro-Matrix is able to provide reproducible results since each presented data point corresponds 

to the average of 8 equal measurements. Furthermore, the biomass achieved is within the same range as reported for 7L 

glycerol fed-batch fermentation with P. pastoris [6, 8].

Figure 3 | Pichia pastoris combined glycerol-methonol fed-batch fermentation. 

A) Dissolved oxygen concentration (air saturation%) during 76h of fermentation at the set points of 100%, 50% and 30%.

B) Optical density (600nm) achieved at different time points during 76h of fermentation. Results correspond to the average 

of 8 counts ± standard deviation.

Figure 1 | micro-Matrix device and 24-well cassette. Figure 2 | Dissolved oxygen (dO2 set points).
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• The results from this work demonstrated that micro-Matrix platform is an efficient device for screening optimal dO2 air 

saturation and gas mixtures for P. pastoris fed-batch fermentation. 

• micro-Matrix was able to reach similar biomass results, obtained in a 7L bioreactor, showing that this device can accurately 

be used to a scale-up process, providing reliable and reproducible results.
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