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For the SDS-PAGE analysis, the sample was collected from the reactor vessel and centrifuged at 13,000 rpm for 10 minutes at 15 °C. Supernatant containing the target protein was filtered through a 0.2 µm membrane filter and stored at -20 °C for further use. Entire fermentation samples were thawed immediately prior to analysis, mixed with 4x Laemmli buffer and incubated for 6 minutes at 96 °C. 8 µL of sample were loaded onto a 12 % gel. A pre-stained protein ladder (Thermo Fisher Scientific, Cat. 26616) was used for size comparison. After electrophoresis, the gels were incubated in demineralized water followed by protein staining with Coomassie Brilliant Blue G250 for visualization.
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For Western blot analysis, sample preparation was performed as described in Section 1.1. Following gel electrophoresis, proteins were transferred onto a PVDF membrane (Bio-Rad Laboratories) at 15 V for 50 minutes. The membrane was subsequently blocked using skim milk powder. Detection of His₆-tagged proteins was carried out using a horseradish peroxidase (HRP)-conjugated anti-His₆ antibody (Invitrogen) in combination with Pierce 1-Step Ultra TMB blotting solution (Thermo Fisher Scientific) (Data not shown).
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Fig. S1	SDS-PAGE from the ColMP-His expression of limited methanol feed (a) and exponential methanol feed (b) without additional fed-batch growth phase, samples of the cell-free culture supernatant taken during the fermentation are shown.
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Fig. S2	SDS-PAGE from the ColMP-His expression of limited methanol feed (a) and exponential methanol feed (b) with additional fed-batch growth phase, samples of the cell-free culture supernatant taken during the fermentation are shown
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Fig. S3	SDS-PAGE from the ColMP-His expression of limited feed with standard methanol flow (a), increased methanol flow (b), decreased methanol flow (c) and stepwise increased gradient methanol flow (d), samples of the cell-free culture supernatant taken during the fermentation are shown
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Fig. S4	Specific ColMP-His expressions rate according to Wet cell weight (WCW) [ng g-1] during the induction phase of fermentation processes with an additional glycerol fed-batch phase (fed-fed-batch, red/violet) and without (fed-batch, blue/orange). Two different methanol feeding strategies were investigated: (a) limited feed (constant methanol flow into culture medium) and (b) exponential feed (constant methanol concentration in the culture medium)
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Fig. S5	Online Bioprocess data of Dissolved Oxygen (DO) [%], Oxygen supplementation (OS) [%] and Oxygen consumption total (OCT) [L] according process time [h] of fermentations under two different methanol feeding strategies with and without additional glycerol fed-batch phase: (a) limited feed (constant methanol flow into culture medium) without glycerol fed-batch, (c) with glycerol fed-batch and (b) exponential feed (constant methanol concentration in the culture medium) without glycerol fed-batch, (d) with glycerol fed-batch
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In the previous investigations, differences in cell growth and recombinant protein expression were observed as a function of the applied methanol feeding strategy. The variant with a stepwise-increasing methanol feed rate resulted in the highest cell density and the highest ColMP-His concentration throughout the induction phase. To statistically evaluate these results, the fermentation processes with standard and gradient-based methanol feed rates were performed in independent triplicates. For the significance analysis, the respective sampling points of WCW and ColMP-His concentration throughout the induction period were considered. Data evaluation was conducted using an unpaired t-test, with a significance level of p  <  0.05 defined as the threshold for identifying statistically significant differences. The presented results are based on arithmetic means, accompanied by the respective standard deviations. Sampling was conducted at regular intervals between 0 h and 117 h of induction to adequately capture the temporal progression of the investigated parameters.
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Fig. S6	Wet cell weight (WCW) [g L-1] throughout the induction phase of fermentation processes with standard (10,9 mL h-1 L-1initial vol. ) and gradient-based (10,9 mL h-1 L-1initial vol.+1 mL h-1 L-1initial vol. every 12h) methanol feeding rate. Data represents mean values from fermentation triplicates, including standard deviation

Both methanol feeding strategies showed a continuous increase in cell mass following the adaptation phase, beginning at 5 h of induction (Fig. S6). Cell growth was particularly pronounced between 5 h and 60 h and began to slow after 80 h, consistent with the typical transition into the stationary phase. From 20 h to 30 h of induction, the WCW under the gradient-based feeding strategy consistently exceeded that of the standard strategy. This difference continued to increase throughout the induction period, resulting in a mean final difference of 64 g L-1 between the two conditions at the last sample taken. Subsequent statistical analysis using an unpaired t-test (p < 0.05) revealed that no statistically significant differences in WCW were observed between these two methanol feeding strategies at any sampling point.
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Fig. S7	ColMP-His concentration in cell-free culture supernatant [g L-1] throughout the induction phase of fermentation processes with standard (10,9 mL h-1 L-1initial vol. ) and gradient-based (10,9 mL h-1 L-1initial vol.+1 mL h-1 L-1initial vol. every 12h) methanol feeding rate. Data represents mean values from fermentation triplicates, including standard deviation

In correlation with the observed cell growth, protein concentration increased continuously in both methanol feeding strategies following completion of the methanol adaptation phase (Fig. S7). In both cases, a steady rise in ColMP-His concentration was observed up to approximately 81 h of induction. During this period, no marked differences between the two strategies were apparent at any sampling point.
Subsequently, the standard flow fermentation exhibited a stable to slightly declining protein level, reaching 50 g L-1 ColMP-His by end of induction phase. In contrast, gradient-based fermentation showed a continued increase in protein concentration during the same interval, ultimately reaching a final titer of 59.6 g L-1. This representing an 19 % higher protein yield compared to the standard strategy.
Despite this visible difference, statistical analysis of the data did not reveal any significant differences in ColMP-His concentration between these two strategies at any sampling point. This result can largely be attributed to high standard deviations and the limited number of fermentation replicates. In particular, during the interval from 81 h to 117 h, relative standard deviations of up to 36.5 % were observed, which considerably impaired the reliability of statistical interpretation.
To enable statistically robust conclusions in future studies, optimization of the protein quantification method and an increase in statistical power through additional replicates will be essential.
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