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Bovine lactoferrin (bLf) has been well characterized as a multifunctional glycoprotein belonging to the transferrin
family with antibacterial, antioxidant, anti-tumor, and antiviral activities. The main aim of this study was to
determine the feeding strategies in fed-batch fermentation to obtain high-cell density in Pichia pastoris KM71H-3
for production of bLf. During the growth phase, two feeding strategies were performed: (i) Feeding glycerol solution;
and (ii) feeding glycerol and nitrogen source solution with a carbon-to-nitrogen ratio of 3:1. In addition, two feeding
induction strategies were applied: One-time feeding and continuous feeding with 0.5% of methanol every 24 h. The
results showed that the highest cell density at OD_, was 362.67 + 2.04 when the feeding phase used a mix-feed
solution of glycerol and nitrogen sources with a carbon to nitrogen ratio of 3:1 in the 2-L scale. Up-scaled production
of lactoferrin from this strain was successfully employed in the 10-L and 100-L bioreactor with the highest OD,
reaching 338.20 + 3.38 and 375.50 + 2.98, respectively. For optimal lactoferrin expression, methanol was fed
continuously, corresponding to an induced methanol concentration of 0.5% per 24 h. The appropriate induction time
was 48 h. This research provides information on cell growth and fed-batch strategies for enhanced bLf production

using P. pastoris as a host, which may be applicable to the expression of other proteins from P. pastoris strains.

1. INTRODUCTION

Lactoferrin is an 80-kDa protein with 703 amino acids that belongs to
the transferrin family [1,2]. It is made up of a single polypeptide chain
that has been folded into two lobes (the N-lobe and the C-lobe) [2-5].
Lactoferrin can be found in milk, tears, nasal secretions, saliva, urine,
uterine secretions, and amniotic fluids, as well as in secondary granules
of neutrophils [2,6-8]. Lactoferrin’s unique ability to bind to various
cell surface receptors in different tissues is one of its distinguishing
characteristics. Lactoferrin’s ability to bind is one of the reasons it
has so many health benefits, including immune system regulation,
tumor and cancer prevention, safely treating anemia and osteoporosis
by adjusting homeostasis, and acting as a natural antibacterial and
antioxidant supplement.

High-cell density fermentation (HCDF) is a critical strategy in the
large-scale engineering of host strains for industrial protein, peptide,
and amino acid production [9]. Using the HCDF technique increases
protein productivity, improves downstream yield, decreases culture
volume, and reduces production costs. Fed-batch fermentation is a
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cost-effective operational strategy for HCDF [10]. Pichia pastoris
fed-batch cultivation is divided into three phases: The glycerol batch
phase (S1), the nutrient fed-batch phase (S2), and the methanol
fed-batch phase (S3) [11,12]. The S1 and S2 phases are known as
the biomass production phases, and their goal is to maximize cell
density. The S3 phase is known as the induction phase because it is
designed to stimulate the synthesis of the target protein or product.
Feeding strategies include constant feeding rate, increased feeding
rate, exponential feeding rate, pH-stat, DO-stat, and p-stat, among
others [12]. Good cell density and recombinant protein productivity
could be obtained by using a suitable fed-batch fermentation strategy
that separated the cell growth phase, protein production phase, and
induction time. Using optimal feeding strategies, the dry cell weight
of P. pastoris could reach 65.8 g/L for production of Saccharomyces
cerevisiae L-Asparaginase 1I [13] or OD600, of P. pastoris reached
around 400 for production of a fungus 3-glactosidase [12]. Additional
attributes, including the yields of heterologous proteins, could reach
22 g/L for the production of the recombinant hydroxynitrile lyase [14],
or 14.8 g/L for the production of the recombinant gelatins [15].

P. pastoris has received a lot of attention for being a powerful system
for expressing hundreds of proteins from viruses, bacteria, fungi,
animals, plants, and humans [12,16]. P. pastoris is a methylotrophic
yeast with eukaryotic machinery that grows on methanol as its sole
carbon source. The genes are integrated into the genome via the
alcohol oxidase I promoter, resulting in exogenous overexpression
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of recombinant proteins in P. pastoris. Lf from humans, horses, pigs,
goats, cows, and sheep has been expressed in a variety of hosts,
including yeast and cows [17-19]. The obtained expression levels
range between 2 and 1200 mg/L, and the biological activities have
been evaluated [18]. However, this recombinant protein has only been
produced in flasks; production on a larger scale, such as in a 2-L or
10-L bioreactor, has not been reported.

Previously, we successfully generated and expressed a recombinant
construct, pPICZA: bLf{'}pP carrying the gene encoding bovine
lactoferrin (bLf) in P. pastoris [20]. The medium and conditions
were also chosen and optimized for lactoferrin production from the
P. pastoris KM71H-3 strain in a 250-mL flask [21]. However, the
cell density was still low at this scale, with an OD,, of around 50,
corresponding to the low lactoferrin content. There has been little
research into the large-scale production of recombinant lactoferrin in
P. pastoris. More research is needed to provide enough data to enrich
research on the large-scale production of P. pastoris lactoferrin. This
study focused on developing the fermentation strategy to obtain the
high-cell density of the P. pastoris KM71H3 strain for the production
of bLf by using several nutrient-feeding strategies. The P. pastoris
strain was first fermented in a 2-L bioreactor with the same medium
and optimized conditions on the flask scale. The feeding strategies
with glycerol solution and glycerol-mixed nitrogen sources were
then investigated in the S2 phase. The fermentation process was
then scaled up to the 10-L and 100-L bioreactors. Finally, methanol
feeding strategies were investigated to achieve high lactoferrin levels.
As a result, the study provided a starting point for future industrial
production of recombinant lactoferrin in P. pastoris.

2. MATERIALS AND METHODS

2.1. Strain and Media

The P. pastoris KM71H-3 strain carrying the gene coding for bLf
(pPICZaA: 5bLf0pt) was constructed in our laboratory by transforming
the recombinant plasmid pPICZoA: :bLfop[ into the host P. pastoris
KM?71H strain.

Fermentation medium (w/v): 17 ¢/L KH,PO,, 15 ¢/L(NH,),SO,, 2 g/L
MgSO,-7H,0; 100 mL/L phosphate buffer 1M, 5 g/L corn steep, and
10 mL/L glycerol 100%.

Trace salts PTM4 (w/v): CuSO,.5H,0 0.2%; Nal 0.008%; MnSO,. H,0
0.3%; (NH,)Mo0,0,,.4H,0 0.0148%; H,BO, 0.002%; CoCl, 0.05%;

ZnCl, 0.7%; FeSO,.7TH,0 2.2%; Biotin 0.02%; H,SO, 0.1%. PTM
500X was prepared as a stock solution.

Feeding solution:

1. Glycerol feeding solution: 30% glycerol (w/v); PTM4 X500 salts
and Biotin x500 were added to %1 in the final feeding solution

2. Glycerol, nitrogen - source feeding solution: 30% glycerol (w/v),
2.62% corn-steep, 9.2% (NH,),SO, and PTM4 %500 salts, Biotin
%500

3. Methanol solution: 50% methanol (w/v) and PTM4 x500 salts,
Biotin x500.

2.2. Seed Cultivation

A single colony from the YPD plate was used to cultivate in 5 mL
of BMGY-bleomycine at 28°C and 250 rpm for 18 h. The preculture
was then transferred to the 100 mL or 500 mL of BMGY medium,
depending on the scale of batch fermentation in the bioreactors and

then was transferred to the bioreactor. The inoculum volume was then
adjusted to ensure an initial biomass concentration corresponding to
an OD_ of 0.5.

2.3. Batch Fermentation

Batch cultivations were carried out in a 2-L bioreactor (Sartorius
1601, Germany) with a 1-L working volume. The basal salt medium
was sterilized in the bioreactor, and pH was adjusted to 6.0 by
H,PO, and NH,OH. Sterile-filtered trace elements were transferred
to the bioreactor. The inoculum volume was adjusted to ensure an
initial biomass concentration corresponding to an OD,, of 0.5. The
bioreactor was programmed to maintain the pH at 6.0, the temperature
at 28°C, and the pO, at 20%. Temperature, pH, and pO, as well as
agitation were recorded online. The fermenter was supplied with a
50% MeOH solution to ensure that the MeOH concentration was 0.5%
every 24 h. The pumping rate when inducing MeOH was set to ensure
the concentration of methanol was at 0.5% for 24 h. 10 mL of broth
samples were taken regularly every 12 h to measure biomass (OD
and protein concentration.

600)

2.4. Fed-Batch Fermentation

The medium and inoculum were prepared as for the batch fermentation.
The inoculum volume was adjusted to ensure an initial biomass
concentration corresponding to an OD, of 0.5. The batch phase was
performed in 15 h, and then the glycerol-fed-batch fermentation was
performed as previously reported [17,22].

In the glycerol fed-batch stage, a feeding solution was added after 15 h
of fermentation, ensuring a final glycerol concentration of 1% in the
medium. All fermentation conditions, including temperature, pH, DO,
and anti-foam agent, were the same as those in the previous phase.

In the methanol induction phase, methanol solution was supplemented
into fermenters and inducted for 50 h. The methanol solution was
added once or continuously to ensure a concentration of 0.5% for 24 h.
Broth samples were taken hourly during the fermentation process to
measure the biomass and protein concentration.

2.5. Sample Analysis

The samples were continuously taken every 2 h from the fermentation
broth. The growth of P. pastoris during the fermentation was determined
by measuring the absorbance of the broth culture at 600 nm. Serial
5-mL samples of broth cultures diluted to OD,, values ranging from
10 to 60 were prepared. Wet cell weight and dry cell weight were
determined by centrifugation of 5-mL samples (5000 rpm, 4°C, and
10 min) in a centrifuge; the pellet was washed twice with 5 mL of
deionized water; the wet cell weight was estimated; following that,
subsequent oven drying at 95°C to a constant weight was performed to
calculate the dry cell weight. Finally, a calibration curve was generated
to show the relationship between the absorbance and dry cell weight as
well as wet cell weight.

2.6. Protein Extraction by Sonicator

After induction, the cells were harvested by centrifugation before being
dissolved in phosphate buffered saline (PBS) buffer. The solution was
then sonicated using a 2-mm probe sonicator for 600 s (10 s on and
10 s off) at 60% power. Following that, the samples were put on ice.
Then, the samples were centrifuged to discard the broken cells, while
the supernatant was retained for further analysis.
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2.7. Dot Blotting Analysis

The protein samples were spotted on a nitrocellulose membrane to
assess Lf accumulation. The membrane was blocked with 1% skim
milk, then washed in PBS and shaken for 2 h. After 1 h of incubation
with the primary antibody (Rabbit Anti Histag), the nitrocellulose
membrane was washed 3 times for 5 min each with sufficient PBS-T
buffer. The membrane was then incubated in an alkaline phosphatase-
secondary antibody conjugate (Anti Rabbit IgG + AP) at an appropriate
dilution (1:30,000) in PBS buffer for 1 h. The rbLf was detected by
incubating the membrane in the substrate mixture of NBT and BCIP in
AP buffer for 10-30 min until color development. The color reaction
was stopped by distilled water. The expression level was determined
via dot-blot by densitometry in a Gel Doc system.

3. RESULTS AND DISCUSSION

3.1. Batch Fermentation in the 2-L Bioreactor

Heterozygous protein expression in shake cultures of P. pastoris is
usually performed in a BMMY medium; however, its composition
is not optimized in specific cases and the cost is high; therefore,
modifications of the culture medium have been proposed for
large-scale application [22]. Our previous studies investigated the
alternative optimized medium and conditions for the expression of
bLfin P. pastoris KM71H-3 in a 250-mL conical flask. Several batch
cultures were performed to optimize medium components [21]. The
optimal culture medium was determined as 1.5% (NH,), SO,, 1.7%
KH,PO,, 0.2% MgS0,.7H,0, and 0.25% corn-steep, 0.1M phosphate
buffer, pH 6.0. The fermentation parameters included an initial
OD,,, of 0.5, a temperature of 28°C, a stirring speed of 250 rpm,
and the addition of 0.5% methanol to the medium after every 24 h
of fermentation. Under these conditions, the maximum biomass was
reached after 96 h of fermentation, corresponding to an OD, value

of 53.80, equivalent to 10.66 g/L of dry cell weight [Figure 1].

In this study, batch fermentation was conducted in a 2-L bioreactor with
the same medium as the flask culture to determine the influence of the
post-optimized medium on the bioreactor under controlled conditions of
pH, agitation, and oxygen concentration. The fermentation kinetics are
shown in Figure 2. The pO, was approximately maintained at 50% in
the first 4 h, corresponding to the lag phase of the yeast strain P. pastoris
KM71H-3, then it decreased sharply and reached the control pO, level of
30% after 6 h of fermentation, corresponding to the log phase. To maintain
the pO,, the agitation was automatically increased from 200 to 702.8 rpm
at 17 h. The yeast strain entered the stationary phase at 36 h and lasted
for around 108 h. The maximum OD, achieved at 73.90 after 96 h of
fermentation, corresponding to a dry cell weight of 14.68 g/L [Figure 2].

A comparision of the growth curves of strain P. pastoris KM71H-3
in a conical flask and a 2-L bioreactor revealed that the stages of
growth were similar. However, each phase had a distinct growth rate.
Specifically, the cell density attained in the bioreactor was greater than
that in the conical flask. The highest OD value in the bioreactor was
1.37 times higher than that in the flask. This result can be explained
by the fact that the pH and pO, were maintained at constant levels of
6.0 and 30% in the bioreactor, which were more suitable conditions
for the growth and development of the yeast strain P. pastoris KM71H
compared to uncontrolled conditions in the flask.

Despite batch fermentation in a 2-L bioreactor, the highest biomass
of P. pastoris grew 1.37 folds in comparison to that in the conical
flask. However, compared to earlier reports, this biomass value was
significantly lower. With regard to the fed-batch fermentation of
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Figure 1: The growth curve of P. pastoris KM71H-3 in the conical flask.
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Figure 2: Kinetic of the batch fermentation of P. pastoris KM71H-3 in the
2-L bioreactor. (a) Parameters of fermentation process; and (b) time course of

growth curve and dry cell weight.

the P. pastoris KM71 strain in a 10-L bioreactor, Li et al. reported a
maximum OD,; of 200. In this work, gradient glycerol solution feeding
with DO control at 30-35% was applied as a combination feeding
strategy [23]. Another report by Liu et al. presented that P. pastoris
GS 115 reached the highest OD,  value of 405, which corresponds to
100 g/L of DCW when using the DO-stat approach [24].

According to our observations in the previous experiments, the
accumulation of target proteins from recombinant P. pastoris was
usually proportional to the amount of biomass. In the next experiments,
fed-batch fermentation strategies were used to increase the biomass
of P. pastoris in a 2-L bioreactor, thereby increasing the amount of
lactoferrin produced.
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Figure 3: Kinetics of the fed-batch fermentation of P. pastoris KM71H-3 with
glycerol solution. (a) Fundamental parameters for fermentation process; and
(b) time course of growth curve.

3.2. Fed-Batch Fermentation

To enhance the cell density, it is necessary to extend the log phase
in the fermentation process. Fed-batch processes have been shown to
be the most effective at reducing undesirable effects like catabolize
repression and by-product formation [25]. Nutrient feeding was used
to overcome starvation and to extend the growth of P. pastoris. In
general, to avoid a long oxygen limitation in the bioreactor, which
led to ethanol accumulation [26] and, as a consequence, inhibition of
recombinant protein production, the growth phase was divided into
two stages, including the glycerol batch phase and the glycerol fed-
batch phase. It is clear that feeding strategies are needed for the high-
density growth of P. pastoris.

In the previous researches in fed-batch fermentation of P. pastoris
strains [12,13,26] glycerol was supplied in two stages: Batch and
fed-batch phases. At these stages, glycerol was utilized to boost cell
biomass since it promotes cell development more effectively than
methanol does [9,27]. The duration of glycerol feeding depends on
the desired cell density before methanol induction. We found that
not only glycerol acts as the carbon source for the development and
growth of P. pastoris, but nitrogen is also important for the growth
of this P. pastoris strain. In addition, protein synthesis also requires
much nitrogen, especially lactoferrin protein [28]. Furthermore, it is
probable that the nitrogen concentration in the batch medium was
insufficient for the yeast strain P. pastoris to reach such high-cell
densities as those previously reported. Therefore, two nutrient-feeding
strategies were applied to determine suitable conditions for obtaining
the highest biomass. They were fed glycerol solution (i) and nutrient

solutions containing glycerol and nitrogen sources and (ii) with the
ratio of carbon (glycerol) to nitrogen (NH,),SO, corn-steep) of 3:1.

For the first strategy, the obtained results are shown in Figure 3. The
lag phase was in the first 5 h, which was similar to batch fermentation.
The log phase was extended from 5 h to 33 h. The dissolved oxygen
concentration gradually decreased from approximately 100% to about
20% as the strain entered the log phase, whilst the stirring speed
increased from 200 to 750 rpm to maintain pO, at 20%. The glycerol
solution was added to the bioreactor after 15 h of fermentation and lasted
for the next 20 h. The OD_, obtained using fed-batch fermentation with
glycerol was 74.80 + 0.09, 1.86 times higher than batch fermentation
(the OD,, was only 40.1) after 35 h of fermentation, and reached
the highest value of 98.05 + 0.12 after 48 h. For the second feeding
strategy with a mix-feed of glycarol and nitrogen source, the kinetics
of fermentation parameters are shown in Figure 4. All parameters were
well controlled. In this experiment, the highest OD,, reached 362.67 +
2.04 after 51 h of fermentation, corresponding to a dry cell weight of
72.43 + 0.41 g/L. The amount of biomass increased significantly. The
cell density was 4.9 times higher than that of batch fermentation and
3.7 times higher than that of fed-batch fermentation by feeding only
glycerol. This result can be explained by the fact that nitrogen is an
indispensable source of the nutrients required to construct yeast cells.
In addition, cornsteep serves as a nitrogen source and an important
material with high nutritional value as well. Cornsteep contains biotin
and relatively high levels of several important vitamins, such as B2,
B3, B6, and B7. These components are essential for the growth and
development of the yeast strain. In the glycerol feeding approach,
glycerol alone cannot offer sufficient nutrition for cell division at a high-
cell density. Similar results were reported by Liu et al. (2020) with an
0D, 0f 384 in a fed-batch fermentation of P. pastoris for the production
of beta-glucosidase [24]. A shorter cultivation time was performed
considering the cell stat at the end of the fermentation, which would have
beneficial effects on the downstream process and the total cost of protein
production.The specific growth rates of the P. pastoris KM71H-3 strain
in three fermentation processes were compared [Figure 5]. It can be seen
that in the two fed-batch fermentation processes, the specific growth
rates () were much higher than in the batch fermentation. The highest
growth rates of P. pastoris KM71H-3 when fed a mixed solution of
glycerol and nitrogen, and feeding glycerol solution were 0.12 (u, 1/h)
and 0.075 (u, 1/h) only after 24 h of fermentation, respectively. In
batch fermentation, the specific growth rate was much lower and
decreased over time. The highest growth rate in batch fermentation was
0.064 (u, 1/h) at 12 h, then down to 0.042 (u, 1/h) at 24 h and dropped to
0.02 (u, 1/h) after 48 h of fermentation. These results could be explained
by the fact that the concentration of glycerol gradually decreased during
batch fermentation, leading to a decrease in the specific growth rate.
With fed-batch fermentation, the growth rate was maintained and
even increased due to an adequate supply of carbon. Rumjantsev et al.
(2014) found that nutrient feeding solutions containing both carbon and
nitrogen had a higher growth rate due to the supply of sufficient carbon
and nitrogen sources for cell building [28]. It should be noted that in
the nitrogen and carbon nutrient solutions, we added an extra amount
of corn steep; this ingredient contained a variety of sugar and mineral
sources, so the results obtained from the biomass were surprisingly high.

3.3. Scaling-up P. pastoris KM71H-3 Fermentation in the 10-L
and 100-L Bioreactors for Production of Lactoferrin

The oxygen transport coefficient model and device operating
parameters were calculated using Matlab software to ensure the
similarity of volumetric oxygen transport in 2-L and 10-L bioreactors.
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Accordingly, the stirring and aeration speed indicators were selected;
specifically, the 10-L bioreactor was operated at 250 rpm-2.96 vvm
and 520 rpm-1.83 vvm, respectively; while the 2-L bioreactor was
operated at 400 rpm—1vvm and 700—1vvm, respectively.

For HCDF of P, pastoris in the 10-L bioreactor, the same medium and
feeding conditions were used as in the 2-L bioreactor. The stirring
and aeration speeds were used as calculated above. The growth curve
showed similar biomass obtained from the fed-batch fermentation at
the 2-L scale. In this experiment, the growth curve of the fed-batch
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Figure 4: Kinetics of the fed-batch fermentation of P. pastoris KM71H-3 with
mix-feeds of glycerol and nitrogen solution. (a) Fundamental parameters for
fermentation process; and (b) time course of growth curve.
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Figure 5: Specific growth rate of P. pastoris KM71H-3 in three HCDF

strategies.

fermentation process with feeding glycerol and nitrogen (C: N of 3:1)
was used as the predicted curve for the 10-L scale. The result showed
that the shapes of the growth curves of P. pastoris KM71H-3 in the 10-L
bioreactors appeared to be predictions [Figure 6]. This result indicated
that upgrading the fermentation scale of P. pastoris KM71H-3 from
2-L to 10-L had been successful. The biomass was obtained at a high
level and reached the highest OD, of 338.20 + 3.38, corresponding
67.54 + 0.68 g/L to after 49 h of fermentation.

Scaling up the fermentation process of P. pastoris KM71H-3 from
10-L to 100-L bioreactor was conducted in the same manner as scaling
up from a 2-L to a 10-L bioreactor. The medium and feeding strategies
were similar to those used on the 10-L scale. The results indicated that
after 43 h of fermentation, the highest OD,, value reached 375.50 +
2.98, remained this level for up to 72 h, and then decreased to 340 +
3.45 after 93 h of fermentation [Figure 7a]. The highest OD , and
dry cell weight achieved at 100L scale was 375.50 + 2.98 and 75.00

+ 0.60 g/L, respectively. Similar results were observed for lactoferrin
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Figure 6: The prediction and observation of the growth curves of P. pastoris

KM71H-3 in fed-batch fermentation 10-L bioreactor. The time course of the

growth curve of P. pastoris KM71H-3 in the 2-L bioreactor was used as the
predicted curve in the 10-L bioreactor.
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production during fermentation on a 100-L bioreactor compared to
smaller 2-L and 10-L bioreactors [Figure 7b].

The scaling-up of the microbial fermentation process is an essential
step that bridges laboratory research and commercialization. For the
P. pastoris system, although significant attention has been paid to
optimizing HCDF, including DO levels and methanol feeding strategies,
there have been only a few publications that focus on scaling-up, such
as Liu ef al. (2016), who developed a process for HCDF of P. pastoris
for the production of glycoside hydrolase LXYL-P1-2 in the 1000-L
bioreactor [22]. To our knowledge, no publication on the large-scale
production of recombinant lactoferrin has been reported.

3.4. Methanol Induction Strategy for Expressing bLf in
P. pastoris KM71H-3

Methanol concentration is a critical parameter in P. pastoris cultivation
since it influences both growth and heterologous gene expression
under the AOX promoter. Our previous study reported that methanol
was induced at a suitable concentration of 0.5% for each 24 h in the
conical flask [21]. In this study, we compared the methanol induction
strategies in the 2-L bioreactor: 1-time induction at the rate of 0.5%
MeOH/24 h and continuous induction, ensuring the corresponding
MeOH concentration of 0.5% for 24 h.

To test the efficiency of Lf accumulation at different time points
after methanol induction, intracellular proteins were checked on the
electrophoresis gel. The percentage of protein in the 75 kDa band on
the total was considered a comparison criterion between induction
conditions.

For 1-time induction, the lactoferrin protein band (75 kDa) was
unclear on the electrophoresis gel. It was possible that aeration could
lead to methanol leakage during fermentation to induce lactoferrin
biosynthesis.

To confirm this hypothesis, we experimented with the same
conditions in the bioreactor as before, but the induction process
was performed by continuously adding methanol. The amount of
methanol used for induction remained the same as before (methanol
concentration was 0.5% every 24 h). Lactoferrin protein expression
was examined by SDS-PAGE electrophoresis. The results showed
that the percentage of 75 kDa protein bands increased rapidly in the
first 48 h of induction, reaching 11.34%, and continued to increase
slightly after 72 h and 96 h of induction, reaching 11.57% and 12.16%,
respectively [Figure 8a and b]. The lactoferrin protein expression level
was also checked by dot blot as shown in Figures 8c and d. The dot
blot results were consistent with the results of protein electrophoresis
analysis. These results suggest that the appropriate induction time
was 48 h. The MeOH induction strategy should be continuous with
an equivalent flow rate of 0.2 mL/min, corresponding to a MeOH
concentration of 0.5% for 24 h. It fits with what has been learned
before, since keeping methanol concentrations at the right level is
needed to get high protein yields [10].

4. CONCLUSION

Suitable conditions for the HCDF of recombinant P, pastoris KM71H-3
strain were successfully explored in the 2-L, 10-L, and 100-L
bioreactor scale. Accordingly, the fermentation process was divided
into three main phases, including the glycerol batch phase (S1), the
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glycerol fed-batch phase (S2), and the methanol induction phase (S3).
The fermentation conditions were performed at 28°C, pH 6.0 and DO
remain at 20%. The optimized feeding solutions in S2 phase was mix-
feed of glycerol and nitrogen sources with the ratio of C: N equivalent
of 3:1. The highest cell density was obtained at an OD,, of 362.67 +
2.04 in 2-L bioreactor, 338.00 + 3.38 in the 10-L bioreactor and 375.50
+2.98 in the 100-L bioreactor which corresponds to the DCW of 72.43
+ 0.41 g/L, 67.54 £ 0.68 g/L, and 75.00 + 0.60 g/L, resspectively.
In the S3 phase, the MeOH solution was fed continuously with the
corresponding concentration of 0.5% for 24 h for better recombinant
lactoferrin synthesis efficiency than the 1-time induction. The results
showed that it would be possible to make recombinant bLf on a large
scale, which would be a key step toward making pharmaceutical
intermediates more industrialized.
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