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ABSTRACT 
Indonesia as a country that had 19.5 million diabetic patients in 2021 is still importing raw 
materials of human insulin. The development of human insulin production process is needed 
to support the government’s objective to be independent in medicine aspect. Human insulin 
precursor (HIP) expressed from Pichia pastoris X33/pD902-IP had been developed and 
optimized in small-scale cultivation. However, the scaling up in bioreactor 10 L has not been 
studied. Using a 10 L-bioreactor the fermentation of P. pastoris X33/pD902-IP was developed. 
Fermentation was done in 120 hours using a basal salt medium (half concentration) for the 
vegetative and induction media. To induce HIP expression, methanol is fed by pulse strategy 
with a gradient concentration of 1-3% (v/v) for 48 hours. The dry cell weight (DCW) and HIP 
titers were 72 g/L and 286 mg/L, respectively. This development is the first fermentation of 
HIP expressed by P. pastoris X33/pD902-IP in a 10 L-bioreactor. 
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ABSTRAK 
Indonesia sebagai negara dengan penderita diabetes 19,5 juta orang pada tahun 2021 masih 
mengimpor bahan baku insulin manusia. Pengembangan proses produksi insulin manusia 
diperlukan dalam rangka mendukung tujuan pemerintah untuk mandiri di bidang produksi 
bahan baku obat. Ekspresi prekursor insulin manusia oleh Pichia pastoris X33/pD902-IP telah 
dikembangkan dan dioptimalkan dalam skala kultur kocok. Akan tetapi, produksinya pada 
bioreaktor 10 L belum dilakukan. Untuk itu, fermentasi P. pastoris X33/pD902-IP dipelajari 
pada bioreaktor 10 L. Fermentasi dilakukan selama 120 jam dengan menggunakan media 
garam basal (setengah konsentrasi). Untuk menginduksi ekspresi HIP, metanol diberikan 
dengan gradien konsentrasi 1-3% (v/v) secara berkala selama 48 jam. Berat sel kering dan 
titer HIP masing-masing adalah 72 g/L dan 286 mg/L. Proses ini merupakan fermentasi 
pertama HIP yang dihasilkan P. pastoris X33/pD902-IP pada skala bioreaktor 10 L. 

 
Kata Kunci: bioreaktor, fermentasi, metanol, Pichia pastoris, prekursor insulin 
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INTRODUCTION 
 

Insulin is a regulatory hormone that 
assists cells in taking glucose into the cell. 
Type 1 diabetic and late-phase type 2 diabetic 
patients need insulin to manage their blood 
glucose level. The number of diabetic people 
globally was 537 million in 2021 and it is 
predicted to be 783 million in 2045. In 
addition, Indonesia was ranked as the fifth 
country that had 19.5 million diabetic people 
in 2021 (IDF 2021). Due to the vital role of 
insulin and the rising trend of diabetic patients 
globally, insulin demand has been raised. It is 
predicted in 2027, global insulin market will be 
up to 55.066 million USD (Data Bridge 2021). 

Human insulin is a polypeptide that is 
formed through several steps after 
translation. At the first stage, this protein is 
secreted as preproinsulin, which consist of 
signal peptide, B chain, C chain and A chain 
(Vasiljević et al. 2020). In the next step, the 
signal peptide and C chain are deleted, and 
the B chain and A chain are connected with 
disulfide bridges (Bataille 2007). The 
human insulin precursor (HIP) in this work 
is a recombinant form that mimics human 
preproinsulin. It consists of a truncated-α-
factor and spacer to replace signal peptide, 
A chain, B chain and short linker between A 
and B chain to replace C-peptide. Plasmid 
pD902-IP carrying HIP cassette was 
integrated into Pichia pastoris X-33 Mut+ 

(Nurdiani et al. 2018). Clone 4 of the 
recombinant yeast (CL4) was selected to be 
employed in this research (Nurdiani et al. 
2020). 

P. pastoris has been a popular choice 
to be a host for several recombinant protein 
(Tripathi et al. 2015, Baeshen et al. 2016, Jiao 
et al. 2018). P. pastoris has four 
chromosomes with a genome size of 9,4 Mbp 
(Bernauer et al. 2021). At the fourth 
chromosome, promotor AOX1 (Alcohol 
Oxidase 1) is located (De Schutter et al. 
2009). This promotor regulates protein 
expression under the control of methanol. It is 
a strong inducible promotor; thus, many 
recombinant proteins employ this promotor 
system to express the desired protein 
(Özçelik et al. 2019). Due to its features such 
as able to secrete nonnative protein, able to 
do post-translational modification and 
produce less immunogenic protein (Baeshen 
et al. 2014, Karbalaei et al. 2020, Vogl et al. 

2018), high cell density fermentation (HCDF) 
of P. pastoris is an attractive strategy in order 
to obtain high yield of biomass and protein 
target (Liu et al. 2016). However, scaling up 
from a bench scale or smaller volume into 
higher volume fermenter faces some 
challenges.     

Tank configuration such as the 
geometry of the tank is one factor that should 
be considered (Junker 2004). Other 
parameters such as temperature, pH, airflow 
rate as linear parameters and agitation as 
non-linear parameters should be identified in 
order to achieve the main goal of scale up 
production (Yang 2014). The successful scale 
up process results in a consistent large-scale 
fermentation that meets the expected 
requirement (Crater and Lievense 2018). 

The expression of HIP had been 
confirmed in 2 L-fermenter (Putro et al. 2021, 
Putro et al. 2022). However, the scale up of 
HIP has not been studied in a 10 L-fermenter. 
In addition, the growth curve of CL4 in 
fermenter media in shake flask has not been 
studied. This study consists of cultivation, 
establishing the growth curve and confirming 
the expression of HIP from CL4 in the media 
that will be used in a bioreactor. After 
confirmation, the strain will be trained in 10 L 
fermenter to express HIP. The aim of this 
research was to scale up the production of 
HIP from shake flask to 10 L-fermenter. Thus, 
the fermentation method of CL4 in 10 L-
fermenter was developed after studied the 
growth profile of CL4 and confirmed the 
expression of HIP in the flask scale. 
 
MATERIALS AND METHODS  
 
Location and time  

This research was conducted in 
August-November 2022 at the Laboratory of 
Biotechnology, Deputy for Research and 
Innovation Infrastructure-National Research 
and Innovation Agency (BRIN) 
 
Materials  

Recombinant P. pastoris X33 
integrating human insulin precursor gene 
into its genome (P. pastoris X-33/pD902-IP 
clone 4, CL4) were employed (Nurdiani et 
al. 2018). This strain was obtained from 
Biological Product Development Research 
Group-BRIN. Cultivation was done in YPD 
media according to Kurniatin et al. (2019), 
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the half concentration of basal medium with 
4% (w/v) glycerol (½ BSM(G)) according to 
Zhu et al. (2021) and half concentration of 
basal medium without glycerol to be added 
with methanol (1/2 BSM(M)) supplemented 
with trace mineral, PTM1 according to 
Invitrogen Corporation (2002) 
 
Cultivation in shake flask 

A single colony of CL4 was inoculated 
into 36 mL YPD medium in flask 250 mL. 
Culture was incubated for 72 hours. At 25 
hr, 20 mL of culture was centrifuged and the 
cells were transferred into 30 mL ½ BSM(G) 
in 250 mL flask. Incubation was carried for 

72 hours, 30C and 250 rpm. At 24 hours, 
25 mL of culture was harvested and the 
cells were transferred into 30 mL ½ BSM(M) 
in flask 250 mL. Methanol was fed at 1%, 
2% and 3% at 0, 24 and 48 hours after 
transferred into ½ BSM(M), respectively 
(Nurdiani et al. 2022, Putro et al. 2022). 

Incubation was carried for 72 hours, 30C 
and 250 rpm. Samples were taken at start 
point and every 24 hours at the induction 
phases. Samples were analyzed for dry cell 
weight (DCW) and HIP titer determination. 
Samples were accomplished in 
quadruplicate. 

 
Cultivation in 10 liter fermenter 

Cultivation of CL4 was conducted as 
follows: a single colony of CL4 from a YPD 
agar containing zeocin 100 μg/mL (Nurdiani 
et al. 2022) was inoculated into 40 mL YPD 
liquid containing zeocin 100 μg/mL. The 
culture was grown in a shaking incubation at 
250 rpm and 30ºC for 24 hours. The cells 
were harvested by centrifugation 3000 g for 5 
min at room temperature. The pellets was 
resuspended with 400 mL of ½ BSM(G) 
media (Wu et al. 2019) supplemented with 
4.35 mL PTM1 trace salts/L (Invitrogen 
Corporation 2002) of ½ BSM(G), and 

incubation was carried at 250 rpm and 30C. 
After 24 hours, the cultured was then 
transferred into a 3.6 L of ½ BSM(G) media in 
a 10 L fermenter. Agitation was set at the 
range of 150-500 rpm. Aeration was 
maintained at the range of 2-4 L/min. 
Dissolved oxygen (DO) was observed over 
the time, and the temperature was set at the 
range of 28-30ºC. The level of pH was 
monitored and maintained at pH 5 by addition 
of 12.5% ammonia and 1M of H3PO4. 

Methanol induction was conducted by 
adding 100% methanol to a final 
concentration of 1-3% (v/v) after the glycerol 
batch phase was finished. Trace salts PTM1 
were added in methanol feed at 12 mL/L 
methanol 100%. Samples were collected at 
several points. The supernatant was 
separated from the broth by centrifugation at 

10,000 rpm and 4C for 10 minutes to be 

stored at -80C for further analysis (Wu et al. 
2019). Samples were accomplished in 
quadruplicate. 
 
Determination of cell concentration 

Dry cell weight was measured by 
weighting pellet cell after centrifuged 14000 

rpm, 5 minutes and 4C as in (Bredell et al. 
2018). The pellet was then dried in oven 90°C 
for 2 hours then cooled at desiccator for 30 
minutes prior to weight (modified from 
Kocaefe-Özsen et al. 2022).  

 
Protein Analysis 

HIP quantification from supernatant 

culture was done by RP-HPLC modified from 

Wu et al. (2019) and Putro et al. (2022). 

Supernatant was separated from culture by 

centrifugation at 14000 rpm for 5 minutes in 

4ºC. Analytical RP-HPLC column Shodex, 

RP18-415 (5μm C18, 250 x 4.6 mm) was 

employed to analyse HIP from the 

supernatant. Mobile phase A was 0.1% (v/v) 

TFA in water and elution was done with a 

gradient of mobile phase B (0.1% TFA in 

acetonitrile) as follow: 15-30%B (0-12 min), 

30-100% B (12-18 min). The flow rate was 1 

mL/min and the elute fraction was monitored 

at 214 nm. A standard curve of human insulin 

(Sigma) was used to quantify HIP 

concentration in the samples.    

 

Glycerol and methanol determination 

Samples were centrifuged 14000 rpm, 5 min, 

4ºC. The supernatant was loaded into Aminex 

HPX-87 H column. The temperature column 

was set at 35ºC and the mobile phase used 

was 0.008 N H2SO4 with a flow rate of 0.7 

mL/min. Detection is carried out using a 

refractive index detector. Sample 

chromatograms were compared with 

standard glycerol and methanol 

chromatograms to calculate their 

concentrations (Chongchittapiban et al. 

2016). 
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RESULTS AND DISCUSSION  
 
Cultivation in shake flask 

Expression of HIP in shake flask needs 
to be confirmed before proceeding to the 
fermenter scale. In addition, the growth curve 
of CL4 in ½ BSM media was not known 
previously. Thus, the dry biomass of CL4 from 
samples in each media was plotted against 
time to capture the growth curve. Figure 1 
shows CL4 growth curve in YPD, ½ BSM(G), 
and ½ BSM(M). A significant escalation of 
biomass was observed in ½ BSM(G) rather 
than in other media. 

The expression of HIP was confirmed at 
flask scale after 72 hours induction with 
methanol. The HIP titer was 95 mg/L 
analysed by RP-HPLC. This result is higher 
than previous study (30 mg/L) in Putro et al. 
(2022). In addition, DCW of this work (13 g/L) 
is also higher than the previous result (5 g/L) 
(Putro et al. 2022). This might because not all 
the cells in this work were transferred into the 
new media. This approach resulted in lower 
size of inoculum. Based on Putro et al. (2022), 
lower size inoculum resulted in higher 
improvement in yeast growth compared with 
the higher size. 

 
Cultivation in 10 liter fermenter 

Cultivation was done in a 10 L glass jar 
fermenter (MDFT-10N, BE Marubishi) 
supplemented with a compressor to supply air 

and a chiller to manage the temperature to 
achieve the desired temperature. This 
fermenter is a desktop fermenter equipped 
with Rushton turbine impeller that is suitable 
for yeast fermentation and cooling coins to 
reduce the heat produced from the 
fermentation system (Jossen et al. 2016).  
The general structure of bioreactor depicts in 
Figure 2. 

When scaling up the process, it is 
important to consider the geometry similarity 
of the vessel. The geometry of vessel is 
represented as ratio of H/D (Figure 2). The 
geometry of the previous scale (2 L vessel, 
Eppendorf BioFlo-120) is not similar with the 
current vessel (10 L vessel, BE Marubishi 
MDFT-N-10L). Thus, an adjustment in the 
process needs to be done. 

In the beginning, agitation (orange line, 
Figure 3) was set at 150 rpm to lower the 
shear stress of CL4. After 5 hours, the 
agitation was increased gradually to 400 rpm. 
When the foam formed intensely, the 
agitation was decreased and then increased 
gradually into 500 rpm. The aeration (green 
line, Figure 3) was tuned at 2 L/min at the 
beginning and when the DO was below 20%, 
the aeration was increased gradually to 4 
L/min before finally set at 3 L/min. However, 
in carbon limiting condition, when methanol 
was fed, the DO level (blue line, Figure 3) 
decreased although the agitation was 
increased. Thus, in the next hours, the  

 
Figure 1. The growth curve of CL4 in 3 different media. Blue line: YPD media. Orange line: ½ BSM(G) media and 

black line: ½ BSM(M) media 
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Figure 2. General structure of bioreactor (Jossen et al. 2016) 

 
Figure 3. Process parameter profile in fermenter 10 L. Orange line: agitation, blue line: DO, green line: aeration 
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agitation remained at maximum speed (500 
rpm) and the dynamic change of DO value 
was observed to feed methanol when the DO 
above 20%.  

Low agitation such as 100 rpm resulted 
in low shear stress of yeast, while when the 
agitation speed increases, the shear rate will 
increase. Shear rate correspondences with 
cell viability (Vlaev et al. 2016). P. pastoris as 
an obligate aerobe organism (Randone 2014) 
needs oxygen to metabolize glycerol and 
methanol (Liu et al. 2016). A sufficient level of 
oxygen such as above 20% was needed to 
assure the growth of the yeast in methanol-
fed media (Invitrogen Corporation 2002). 

The size of inoculum is one factor that 
affects fermentation performance (Ginovart et 
al. 2011). Small size of inoculum will prolong 
the lag time of fermentation.  The lag phase 
of CL4 in the fermenter was more than 24 
hours. Thus, at 46 hours fermentation time, a 
1.7% (v/v) CL4 culture in ½ BSM(G) media 
was added to the fermenter (Figure 4, black 
arrows). This approach resulted in an 
accelerating log phase that started at 51 
hours and finished at 71 hours fermentation. 
At the end of log phase, DO spike was 
occurred (green arrow, Figure 4). This 
indicated that glycerol had finished in the 

media. Cultivation was then continued with 48 
hours methanol induction phase. The final 
amount of biomass produced was 72 g/L and 
the HIP titer of the supernatant was 286 mg/L 
(Figure 4). The trend of HIP production (red 
line, Figure 4) increases over time while the 
trend of biomass production (orange line, 
Figure 4) tends to decrease. This may 
because the yeast had aged (Ginovart et al. 
2011) as a result of the long lag phase in the 
beginning of the process. 

After the end of process, DCW and titer 
of HIP in this work was 130.8% and 28.9% 
higher than the previous work (31.2 g/L and 
221.9 mg/L), respectively. Those results 
confirmed that the scale up of this protein 
achieved the purpose of scale up production 
which is to demonstrate the fermentation 
process in larger scale has the same 
productivity and quality as in the small scale 
(Yang 2014). However, in another work that 
occupied P. pastoris Mut+ expressing HIP in 
½ BSM media, the titer of HIP was ~2.5 g/L at 
the similar fermentation time with this work 
(Wu et al. 2019). They applied glycerol fed 
batch after glycerol batch phase and 
continuous methanol feeding in the induction 
phase. This approach can be applied in the 
next research to increase the HIP titer of CL4. 

 
Figure 4. Biomass, DO and HIP production of P. pastoris X33/pD902-IP in fermenter 10 L. The plot of DCW (orange 

line) represents the growth curve of CL4 in bioreactor. Black arrow: 1.7% (v/v) inoculum was added. The 

HIP expression (red line) started after 76 hours fermentation. DO (blue line) spike indicated by green 

arrow 
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In the glycerol batch phase, the glycerol 
content in the media (black line, Figure 5) 
decreased sharply when the log phase (green 
line, Figure 5) happened. At the DO spike, 
there was no glycerol remained. At this point, 
methanol feeding was started. In the 
beginning, culture was adapted to the shift of 
carbon source from glycerol to methanol, thus 
methanol was mainly remained in the media 
(blue line, figure 5). Methanol was fed when 
the DO level above 20%. However, there 
were several times points that methanol was 
not fed. The objective of this procedure was 
to observe the behaviour of the yeast when 
methanol fed was stopped for several hours. 
As results, we observed plateau phases in 
DO record graph when applied that procedure 
(Figure 5, black boxes). This was because 
methanol was exhausted from the media, so 
the microbes stopped their metabolism and 
the oxygen in the media was not consumed 
(Invitrogen Corporation 2002). Microbes was 
starving, thus the biomass of the cell in 
several hours after that had decreased. Thus, 
methanol content remained in media was 
increased. Interestingly, when methanol was 
fed again, DO decreased sharply and in the 
next hours DO increased significantly. This 
indicated that the culture was in carbon 
limiting condition, so when methanol was fed, 
they directly consumed it by taking oxygen in 
media. As a result of methanol fed after the 
plateau phase, the number of biomass 

increased again (Figure 5, green line). It is 
predicted if the feeding strategy set as 
continuous feeding, the plateau phase will be 
eliminated, the biomass amount and titer of 
HIP can achieve higher result than this 
current work. In addition, in the previous work, 
the continuous strategy resulted HIP amount 
of 534 mg, while the pulse feeding-methanol 
strategy resulted in 221.9 mg (Putro et al. 
2022). 

Since insulin is vital for diabetic patient 
and Indonesia still imported the raw material 
(Permen Kesehatan 2017), the development 
of production system for insulin is a necessity. 
The strain used in this work is developed 
domestically (Nurdiani et al. 2018) as well as 
the fermentation system in the small scale 
(Nurdiani et al. 2022, Putro et al. 2022). The 
results of this work demonstrate that the 
expression of HIP from CL4 (clone 4 of P. 
pastoris X-33/pD902-IP) is potential to be 
optimised in 10 L fermenter. Scale up then 
can be continued to pilot scale, moreover into 
industrial scale to produce human insulin in 
Indonesia. 

 
CONCLUSION 
 
The development of human insulin precursor 
fermentation in a 10 L-fermenter has been 
done. This is the first development of the 
fermentation method for P. pastoris X-
33/pD902-IP clone 4 at 10 L -fermenter scale. 

 
Figure 5. Carbon sources, DO and dry biomass profile during process. Red line: DO. Blue line: methanol, Green 

line: DCW. Black line: glycerol. Black boxes: plateau phase 
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The process resulted in biomass amount and 
HIP titer of 72 g/L and 286 mg/L, respectively. 
These results are higher than the previous 
research. However, those results are not 
optimal results. The fermentation process can 
be optimized in the next work to achieve 
higher results and optimal process conditions 
for HIP production. 
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