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The limited availability and affordability of vaccines to low- and middle-income countries 
(LMIC) has created a need for solutions that will ensure effective, affordable vaccine pro-
duction technology. To establish a rapid and economical platform for the expression of viral 
proteins in high yield and purity by Pichia pastoris (X33), the receptor-binding domain (RBD) 
protein of the SARS-CoV2 was selected in this study. After fermentation at the 5 L scale, the 
protein was purified by a simplified chromatography, with minimal sample treatment. The 
purified protein was characterized biochemically, and after its formulation, the immunoge-
nicity was evaluated in mice. Collectively, the data suggested that the vaccine candidate is 
a suitable COVID-19 vaccine candidate antigen for technology transfer. Furthermore, this 
study creates a robust foundation for industrial production at scale.
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Vaccines are one of the greatest medical ad-
vances of modern times, bringing immense 
value to children, families, communities, and 
economies. However, not every country has 
the technology and infrastructure to develop, 
test and manufacture new vaccines. Therefore, 

many countries must rely on others for vac-
cine supplies to save lives when a pandemic 
strikes [1,2]. 

The advent of COVID-19 accelerated the 
understanding of the need for research and 
rapid manufacture of vaccines and LMIC 
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have been working towards becoming 
self-sufficient in vaccine production. In this 
study, we report on research carried out in 
collaboration with PT Bio Farma as part of 
a feasibility study funded by Future Vaccine 
Manufacturing Research Hub (Vax-Hub) 
[3] to undertake technology transfer for the 
manufacture of RBD Spike SARS-CoV2 [4], 
using a microbial platform. 

Over 30% of all biologics are produced 
in cell engineered microbial factories. 
Amongst the host cells available Pichia 
pastoris (Komagataella phaffii) has shown 
great potential and is currently reported in 
13 clinical trials with more than 70 prod-
ucts already on the market or in late-stage  
development [5,6]. 

This study addresses integrated upstream 
and downstream operations, aiming to 
create an easy-to-scale process, emphasiz-
ing key analytics and the need for a robust,  
simple platform.

METHODOLOGY
Cells & seed cultures

Design, selection, and characterization of 
the cells and seed culture were performed 
by the partner company, PT Bio Farma. 
The selected gene of interest was cloned into 
the Pichia expression vector pPICZα-A, 
followed by the transformation of  
Komagataella phaffii (X-33, Mut+), selection, 
and confirmation steps to evaluate the clones 
as described below:

1. Transformation Escherichia coli 
(E. coli) TOP10 with pPICZα-A _RBD 
Spike SARSCOV2

E. coli TOP10 was transformed using 40ng 
of plasmid pPICZα-A _RBD Spike SAR-
SCOV2 by CaCl2 method (RBD Spike 
SARSCOV2 cloning sequence is PT Bio 
Farma proprietary and therefore cannot be 
disclosed). Antibiotics Zeocin™ 25 µg/mL 
and tetracycline 10µg/mL were used for 

screening transformant E. coli TOP10/ 
pPICZα-A_RBD Spike SARSCOV2 in 
Luria Bertani media. Furthermore, the 
plasmid was isolated from transformant 
E. coli TOP10/pPICZα-A_RBD Spike 
SARSCOV2 using Qiaprep Spin Miniprep 
Kit (50) (Cat: 27104), then verified by  
restricted analysis.

2. Transformation P. pastoris X-33 with 
pPICZα-A _RBD Spike SARSCOV2

Plasmid pPICZα-A _RBD Spike SAR-
SCOV2 was digested by enzyme SacI (NEB 
R0156S), then the linearised plasmid was 
purified using QIAquick Gel Extraction 
Kit (50) (Cat: 28704). P. pastoris X33 
(his4) was transformed with 5.4 µg total 
DNA concentration of linearized plasmid 
by electroporation method (1727V, 2.2ms, 
electroporation cuvette 0.2 cm). Transfor-
mants X33/pPICZα-A _RBD Spike SAR-
SCOV2 were selected on yeast peptone 
dextrose (YPD) with 500 µg/mL and ana-
lyzed for methanol utilization (Mut+) using 
minimal methanol media and MD media. 
Selected transformants were cultured in 
YPD broth. As PCR template, genomes of 
transformants were isolated using Master-
PureTM Yeast DNA Purification Kit (Cat: 
MPY80200) and then confirmed for ho-
mologous recombination of expression cas-
sette RBD to P. pastoris genome using PCR 
analysis with AOX1 primers according to  
EasySelectTM Pichia Expression Kit Manual. 
The expression cassette RBD was confirmed 
through the appearance of a 1206 bp molec-
ular weight band in agarose gel analysis. 

3. Generation of research cell bank

A. Cell bank 1

One colony of transformant X33/ pPICZα-A 
_RBD Spike SARSCOV2 #2C was inocu-
lated to 5 mL YPD media with 500 µg/mL 
Zeocin in a 50 mL conical tube. The culture 
was grown at 30 °C for 17 h with optical 
density (OD)600 of 8.6. Subsequently, glycer-
ol was added to the culture to a final volume 
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of 15%, then 1 mL was aliquoted into the 
cryovial, labeled, and stored at −80 °C.

B. Cell bank 2

500 L of P. pastoris X33/pPICZα-A _RBD 
Spike SARSCOV2 #2C was inoculated in 
50 mL YPD media with 500 µg/mL Zeocin 
in a 1 L baffled flask. The culture was grown 
at 30 °C for 18 h to an OD600 of 2.7. The 
culture was concentrated using centrifuga-
tion at 3000 xg for 5 min, to a final OD600 
of 6.4. Furthermore, glycerol was added to 
the culture at a final concentration of 15%. 
Then 1 mL was aliquoted into the cryovial 
and stored at −80 °C and labeled.

C. Generation of research cell bank 

500 µL of the seed, P. pastoris X33/ 
pPICZα-A _RBD Spike SARSCOV2 #2C 
was inoculated in 200 mL of buffered mini-
mal glycerol media in a 1L baffled flask. The 
culture was grown at 30 °C for 28 h. After 
28 h, glycerol was added to the culture at 
a final concentration of 20%. Afterward, it 
was aliquoted 1 mL into cryovials and stored 
at −80 °C as the research cell bank. 

Fermentation process
Batch culture

Fermentations were carried out following In-
vitrogen’s protocol for Mut+ cells (Invitrogen, 
Pichia fermentation process guidelines. 2002, 
(version B 053002) [7], with some modifi-
cations, and using an Ambr® 250 modular 
microbial system (Sartorius Stedim Biotech, 
Royston, UK). The bioreactors and single-use 
vessels were aseptically filled with sterile me-
dia and feed solutions. The initial fermenta-
tion volume was 100 mL of basal salt medium 
with 0.65 mL of PTM1 trace salts. The oper-
ating conditions were 28 °C, 30% dissolved 
oxygen (DO; using air or a mix of air and 
oxygen when required at 0.5 vvm), pH 5.00 
± 0.15 (controlled with 10% [v/v] ammoni-
um hydroxide), and antifoam (polypropylene 
glycol 2000) was automatically added by the 

system when required. Reactors were inocu-
lated via the septum to an OD600 of 1.

Measurements from off-gas CO2 sensors in 
the Ambr 250 were used by the system to cal-
culate the carbon evolution rate (CER). The 
observation of a DO spike and a 20% drop 
in CER indicated the end of the batch phase.

Fed-batch culture optimization

Glycerol feed started automatically at a rate 
of 18.15 mL/h per liter of the initial fermen-
tation volume (Li Vol), followed by a metha-
nol adaptation phase using a feed rate of 3.6 
mL/h//Li Vol. At this point, the combination 
of a design of experiments (DoE) approach 
with use of the Ambr 250 microbioreactor 
was explored. Process setpoints and condi-
tions for the design were imported into the 
Ambr 250 software via a DoE tag interface. 
Temperature, pH, %DO, and methanol feed 
were manipulated as factors.

A decrease in CER during methanol ad-
aptation indicated depletion of glycerol and 
was used as a signal by the system to increase 
methanol feed rate, using an incremental step 
profile programmed into the Ambr 250 soft-
ware (7.3 mL/h/Li Vol for 2 h and 10.9 mL/h/ 
Li Vol for the remainder of the fermentation). 
Glycerol and methanol feed rates were those 
specified by Invitrogen’s protocol for Mut+ 
cells.

At the end of fermentation, the secreted 
product was collected. The cell broth was 
centrifuged at 10,000 × g for 15 min and the 
supernatant was filtered using 0.80 µm cel-
lulose nitrate and 0.45 µm polyvinylidene 
difluoride membrane filters (GE Healthcare 
Life Sciences, Buckinghamshire, UK). Sam-
ples were aliquoted into 30 mL and stored at 
−20 °C until further analysis.

RBD purification platform

A chromatography study was performed on 
an AKTA Avant system (GE Healthcare Life 
Sciences), equipped with a 2 mm path length 
UV cell with variable wavelength UV detec-
tion, measuring at three fixed wavelengths 
of 280, 260, and 320 nm. Chromatography 
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parameters were monitored and controlled 
using UNICORN 6.2 software (GE Health-
care Life Sciences). Samples were filtered with 
a 0.45 µm polyethersulfone (PES) filter be-
fore loading.

Affinity chromatography

Samples were purified using an AVIPure®–
COV2S Gen2 resin in a 1 mL column. 
Briefly, the column was equilibrated with 
2 column volume (CV) of 25 mM N-(2-Hy-
droxy ethyl)-piperazine ethane sulfonic acid 
(HEPES), pH=7.4, and 20mL of sample was 
injected at a flow rate of 1mL/min. The col-
umn was washed with 4 CV 25mM HEPES, 
pH=7.4 until stable UV absorbance and con-
ductivity were achieved. Two more washing 
steps were performed using 2 CV 0.5 M Tris, 
25 mM HEPES, pH=7–9, and 3 CV of the 
buffer used for wash one. A linear gradient of 
0–100% with 5 CVs of 1M Arginine-HCl, 
50mM HEPES, pH=9 was used for elution 
at 1 mL/min. Both flowthrough and elution 
peaks were collected in fractions of 1.5 mL 
and stored at 4 °C for further analysis. A 
cleaning-in-place procedure was performed 
using 0.1 M NaOH, 1 M NaCl at 1 mL/min 
(4 CVs).

ANALYTICS FOR PRODUCT 
CHARACTERIZATION
Biochemical assays

Sodium dodecyl-sulfate polyacrylamide 
gel electrophoresis (SDS-PAGE)

SDS-PAGE samples were mixed with 
4X SDS-PAGE sample loading buffer before 
being boiled at 95 °C for 5 min. The 4X SDS-
PAGE sample loading buffer contains 50 mM 
Tris-HCl pH 6.8, 2% SDS, 10% glycerol, 
1% β-mercaptoethanol, 12.5 mM EDTA, 
and 0.02% bromophenol blue. Samples were 
then applied (1µg per well) to the lanes of a 
NuPAGE 4–12% Bis-Tris gel (Thermo Fisher 
Scientific) at 200 V for 45 min. The gels were 
then stained with InstantBlueTM Coomassie 

Protein Stain and imaged using the GE Amer-
shamTM Imager 600 (Pittsburgh, PA, USA).

Western blot (WB)

For WB, SDS-PAGE was performed as 
above, but the gels were not stained. Instead, 
the gels were transferred to the Trans-Blot 
Turbo Transfer Pack membrane using the 
Bio-Rad Trans-Blot® TurboTM Transfer Sys-
tem (Hercules, CA, USA). The membrane, 
0.2 µm nitrocellulose, was blocked in phos-
phate-buffered saline (PBS) with Tween 20 
(T) and 3% bovine serum albumin (BSA) 
for 45 min. The membrane was incubated 
with the primary antibody (Sino Biological 
Europe GmbH [Europe]) diluted 1:1000 
in PBST-BSA for 2 h. The membrane was 
washed with PBST three times before being 
incubated with the secondary antibody (Cay-
man Chemical, USA), an anti-rabbit horse-
radish peroxidase (HRP)-conjugated anti-
body, diluted 1:1,000 in PBST-BSA for 1 h. 
The membrane was washed with PBST twice 
and PBS once. The membrane was incubat-
ed with the Thermo Fisher Scientific (Paisley, 
UK) Pierce ECL Western Blotting Substrate 
for 1–2 min in darkness then exposed and 
imaged using the GE AmershamTM Imager 
600.

Dot blot

2 µL of each sample was applied as a ‘dot’ 
on an 8×8 mm, 0.2 µm nitrocellulose mem-
brane. Samples were measured in triplicate. 
The membrane was incubated, washed, 
and imaged in the same fashion as the WB 
membranes. 

Animal studies

Vaccination

Groups of BALB/c mice were vaccinat-
ed (n=7 mice) with 200 µg adjuvant alum 
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(alhydrogel 1.3% [Croda, UK]) only, 2.5 µg, 
5 µg, or 10 µg RBD antigen formulated with 
200 µg adjuvant alum or in combination 
with 20 µg CPG adjuvant, which is a syn-
thetic immunostimulatory oligonucleotide 
that contains unmethylated CpG dinucleo-
tides and a Toll-like receptor 9-agonist (In-
vivogen, USA), or with complete freund’s 
adjuvant (Merck, Germany) (1:1) on day 0 
and again on day 20. Vaccination was admin-
istered subcutaneously at the base of the tail 
at a total volume of 200 µL/dose. Sera were 
collected from blood taken 2 weeks after the 
second inoculation.

Antibody titer determination by ELISA

Flat-bottom-well polyvinyl plates (96 wells/
plate) were coated with RBD antigen 
(2.5 µg/mL) in PBS for 18–20 h at room 
temperature in a humidified atmosphere and 
left overnight. Unbound antigen was discard-
ed and BSA (10 mg/mL) in PBS was added 
as a blocking solution for 1 h before washing 
with PBS containing v/v 0.05% Tween-20. 
Serial dilutions (log 1,5 to log 5,0) of sera 
obtained from immunized mice were added 
to wells and held overnight at room tempera-
ture. After washing, antigen-bound antibody 
was detected using HRP-conjugated goat 
anti-mouse antibodies or for 1 h at room 
temperature. 100 µL of 3,3′,5,5′-tetrameth-
ylbenzidine (TMB) was then added and left 
to develop for 15 min before the addition of 
2 M H2SO4 for 50 µL/well to stop the re-
action. Antibody titers were expressed as the 
reciprocal of the highest dilution of serum re-
quired to achieve an OD of 0.2.

Neutralization test 

Neutralization testing methodology was as 
per the protocol from SARS-CoV-2 Surro-
gate Virus Neutralization Test (sVNT) man-
ufacturer (Genscript). Samples and positive 
or negative controls were mixed at a 1:1 (v/v) 
ratio with HRP-conjugated RBD and incu-
bated at 37 °C for 30 min. A total of 100 
µL of each sample, positive control, or neg-
ative control were placed on the sVNT plate 

and incubated for 30 min at 37 °C. The plate 
was washed four times with 1x wash buf-
fer. 100 µL of TMB was added to the plate, 
which was then incubated in the dark for 
15 min at room temperature (20–25 °C). To 
terminate the reaction, 50 µL of stop solution 
was added to the plate, and the absorbance of 
the sample was measured at 450 nm.

RESULTS 
The key technical outputs achieved in 
this study comprise the determination of 
fermentation conditions for a recombi-
nant COVID-19 vaccine, the develop-
ment of a simplified purification proto-
col for a COVID-19 vaccine antigen, and 
the scalability of a low-cost process for a  
COVID-19 vaccine.

These achievements are summarized in 
four phases as described below.

Phase 1: the construction of a 
recombinant SARS-CoV-2 RBD of 
spike protein expressed in  
P. pastoris as a vaccine antigen

The first phase of this study consisted of 
the construction of a recombinant SARS-
CoV-2 RBD of spike (S) protein expressed 
in P. pastoris as a vaccine antigen. The merit 
for selection of RBD as a sole vaccine im-
munogen relies on the reliable elicitation 
of neutralizing antibodies that target RBD 
following natural infection or vaccination, a 
key biomarker of protection [8]. Moreover, 
the potential manufacturing and cost advan-
tages of using RBD as a vaccine immunogen 
across different platform technologies as well 
as the engagement of experienced develop-
ing country vaccine manufacturers as part-
ners in delivering billions of vaccines doses, 
makes RBD vaccine a promising candidate 
to address a critical medical need and ensure 
equitable access of vaccine [9,10].

The clone was designed and selected by 
the partner company (Figures 1A & 1B). The 
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results of the study showed that the RBD 
clone was constructed successfully using 
vector pPICZ alpha with AOX1 promoter 
in P. pastoris and RBD protein was expressed 
extracellularly as shown in the WB analysis 

(Figure 1C), with a weight of ~23 kDa. Its 
biological activity was then confirmed by 
reactivity of the antigen to commercially 
available anti-SARS-CoV-2 RBD antibody 
by ELISA (Figure 1D).

 f FIGURE 1
A) Clone selection using Methanol Phenotype test, in Minimal Methanol Histidine (MMH) left side; B) PCR 
analysis of Pichia integrands with AOX1 primers according to EasySelectTM Pichia Expression Kit , band with 
molecular weight of 1206 bp; C) Biochemical evaluation of the expressed RBD protein, using a western blot 
analysis, where the band of interested is shown on lane 2-10; D) Evaluation of the biological activity of the 
expressed RBD protein, using a commercially available ELISA, where the highest absorbance was obtained for: 
X33 RBD 2% 50 μg/mL. 
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Phase 2: the development of a 
small-scale fermentation process 
using a DoE approach

To improve the production process of the 
antigen, the evaluation of the key parameters 
of fermentation processes was performed on 
small-scale bioreactors using a DoE approach. 
Process and production systems where phys-
ical, chemical, or biological transformations 
take place can benefit substantially by using 
DoE as a design and optimization tool [11]. 
The DoE methodology is particularly useful 

for avoiding experimental biases and signifi-
cantly reducing the required number of ex-
periments. In this study, the method applied 
was a Box–Behnken design [12], where four 
factors (temperature [°C], pH, %DO, and 
methanol feed) with three levels each were 
evaluated, leading to a total of 28 experiments 
(Table 1). Optimizing the production process 
of RBD gives a significant impact on man-
ufacturing efficiency and productivity and 
hence manufacturing cost in the long run.

By combining Ambr 250 experimen-
tation with statistical DoE, an improved 

  f TABLE 1
Box-Behnken experimental design and response values for production yield.  A) three 
levels (-1, 0 and 1) of factor X1 (Temperature) represented 26, 28 and 30 °C, respec-
tively. B) three levels (-1, 0 and 1) of factor X2 (pH) represented 3.5, 5.0 and 6.5, re-
spectively.  C) three levels (-1, 0 and 1) of factor X3 (% dissolved oxygen) represented 
20, 30 and 40%, respectively. D) three levels (-1, 0 and 1) of factor X4 (% Methanol) 
represented 8.9, 10.9 and 12.9.

Exp No. CODES % RBD 
contentX1a X2b X3c X4d

1 -1 -1 0 0 12.69
2 -1 -1 0 0 0.04
3 1 0 0 0 5.91
4 0 0 0 0 1.46
5 0 0 -1 -1 1.33
6 0 0 -1 1 0.12
7 0 0 1 -1 1.10
8 0 0 1 1 0.24
9 -1 0 0 -1 3.73

10 -1 0 0 1 2.27
11 1 0 0 -1 0.04
12 0 0 0 0 0.73
13 0 -1 -1 0 9.00
14 0 -1 1 0 11.03
15 0 1 -1 0 12.54
16 0 1 1 0 1.87
17 -1 0 -1 0 6.83
18 -1 0 1 0 4.36
19 0 0 0 0 0.59
20 1 0 -1 0 0.06
21 0 -1 0 -1 10.69
22 0 -1 0 1 15.57
23 0 1 0 -1 0.53
24 0 1 0 1 17.66
25 1 1 0 0 25.52
26 0 0 0 0 1.23
27 1 0 1 0 0.06
28 1 0 0 1 0.06
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process was identified, enabling a 30% in-
crease in biomass compared with the bench-
mark (Invitrogen protocol) (Figure 2) [7]. The 
28 samples were then analyzed by dot blot 
and compared to a standard curve using a 
commercial RBD Ag. The relative titers 
were then quantified based on intensities 
using ImageQuant software (Figure 3). From 
the figure, reactor 1 from week 7 (7.1), gave 
the best relative percentage, around 25% in 
comparison with the process control. As a 
result of the good reproducibility, regardless 
of run week, batch variability or position in 
the Ambr 250 module, the results from the 
full experimental design can be attributed to 
changes in factor levels with confidence.

Phase 3: technology transfer & 
scale-up studies of the optimized 
production process

The optimized culture conditions obtained in 
the previous phase were then tech-transferred 
to PT Bio Farma, which had successfully 
scaled up the small-scale platform to a 5 L 
cultivation process (Figure 4). The secretion 
of the recombinant protein into the culture 
medium is essential for the easy recovery of 
proteins from a cell culture system. The pro-
duced RBD was then purified, using a PT Bio 
Farma in-house protocol, and its biochemi-
cal characteristics were evaluated (Figure 5A & 
5C). The methodology consisted of two-step 
chromatography (hydrophilic interaction 
chromatography and anion-exchange). With 
a yield of approximately 350 mg/L of fermen-
tation supernatant,  the multi-step standard 
procedure used in the purification process al-
lowed for an approximately 30% recovery of 
the target product (data not shown) with a 
purity more than 90% (data in accordance to 
[9,13]); however, the development of another 
robust methodology that could contribute to 
the readiness of the process due to its simplic-
ity was deemed important to the success of 
the platform.

Towards a single-step chromatographic 
process with minimal sample treatment, we 

have developed an affinity chromatography 
method. Moreover, due to the selectivity of 
the resin used in affinity chromatography, 
the efficacy of the process was enhanced. 
Also, it is a simpler method, with the advan-
tage of avoiding possible product losses along 
the purification steps. Given the selectivity 
of the resin, a sharp peak (280 nm) was ob-
tained (Figure 5B). At the same place, in red 
(260 nm), a peak can be seen that is possibly 
related to DNA from dead cells and/or due 
to components on the supernatant that are 
also responsible for its colorization. None-
theless, this didn’t affect the purity of the 
sample as seen from the biochemical anal-
ysis (Figure 5D), and can be easily removed 
using a polishing step, if necessary. With 
this simplified chromatographic method for 
product purification, we were able to achieve 
the same level of purity with similar yield, in 
a more time-efficient manner. 

Phase 4: animal studies for 
immunological efficiency evaluation 
of the vaccine  

The immunogenic abilities of RBD were 
demonstrated in a mouse model. This im-
munogenicity study consisted of two stag-
es. Firstly, five groups of seven mice were 
used to evaluate different amounts of RBD 
alone and in conjugation with an adjuvant 
(alum) in comparison with a positive control  
(CoronaVac [Sinovac]). The immunization 
scheme comprised two subcutaneous injec-
tions, with the second (boost) being admin-
istered after 21 days. The animal serum was 
collected at the end of 35 days and the anti-
body response was evaluated using commer-
cial ELISA. The results showed that the im-
munological response is enhanced when the 
RBD is conjugated with the alum adjuvant. 
When combined with RBD, adjuvants with 
various characteristics elicit distinctive im-
munological profiles regarding the direction, 
duration, and strength of immune respons-
es [14]. However, IgG titers were not as high 
as expected, leading to a low % of antibody 
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inhibition (data not shown). These results 
suggested further research on the antigen and 

adjuvant formulation is imperative to increase 
the efficacy of the vaccine. Therefore, a second 

 f FIGURE 2
Fermentation profile of cultivation process: (A) benchmark, (B) optimised and (C) biochemical 
evaluation via SDS-PAGE (SDS) and Western Blot (WB) of produced receptor-binding domain 
(RBD) from optimised process. Lane 1 representing the protein Ladder and Lane 2 representing 
the produced RBD with a size between 25 and 30kDa.
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attempt was performed (ten groups of seven 
mice each), where new antigen/adjuvant for-
mulations were evaluated to accomplish higher 
titers and enhance the vaccine efficacy (Figure 
6). The selected adjuvants for this second at-
tempt were: cytosine phosphoguanine (CpG) 
and AS03 (alhydrogel 1.3%), which have 
already been used in licensed vaccines [15], 
and complete  freund’s adjuvant for initial 

immunization [16]. From the obtained results, 
formulations with alum and CpG triggered a 
robust level of antigen-specific antibodies that 
possess neutralizing ability, which is in accor-
dance with the results obtained by Chen et al. 
[13]. Also, it was observed that titers and anti-
body neutralization are dose- and adjuvant-de-
pendent, giving promising insights for further 
formulation optimization.

 f FIGURE 3
Densitometry analysis of the 28 runs. Each bar in the graphic represents the relative amount of RBD obtained on each biore-
actor using a certain set of cultivation parameters. The quantification was performed using a dot blot and the images analyzed 
using ImageQuant software (densitometry). The relative amount was then calculated based on a standard curve and normal-
ized towards the process control (central point) to facilitate the evaluation of the effect of varying the factors considered. (*) 
process control, representing a set of parameters that, based on the literature and previous experiments, were known to lead 
to the production of RBD. 

 f FIGURE 4
A) fermentation profile of cultivation in 5L fermenter, B) biochemical evaluation of produced receptor-binding domain (RBD) 
using an SDS-PAGE and C) a Western Blot (WB). 
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CONCLUSION

In this study, we report on the production 
of SARS CoV-2 spike protein RBD, using 

Komagataella phaffii as a hosting system. This 
yeast combines the speed and ease of highly 
efficient prokaryotic platforms with some key 
capabilities of mammalian systems, potentially 

 f FIGURE 5
RBD purification processes using HIC/AEX and Affinity chromatography. A) flow Chart of the 
HIC/AEX purification process, B) flow Chart of the Affinity purification process C) HIC/AEX 
chromatograms and biochemical evaluation using SDS-PAGE and WB, RBD MW=25 to 32kDa 
D) affinity chromatogram and biochemical evaluation using SDS and WB. Ammonium Sulfate 
((NH4)2SO4), Hydrophobic interaction chromatography (HIC), Anion exchange chromatography 
(AEX), Sodium dodecyl sulfate (SDS), Western Blot (WB), receptor-binding domain (RBD).
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reducing manufacturing costs and making it 
one of the most promising candidates for the 
expression of heterologous proteins in vaccine 
development [5]. The fermentation yield of this 
vaccine prototype was 350 mg/L. The simpli-
fied purification process showed similar results 
to the in-house process. The purified RBD was 
of high purity (>90% by WB). Additionally, 
when formulated with alum along with CpG, 
it triggered a robust level of antigen-specif-
ic antibodies that possess neutralizing ability. 
Collectively, the data suggested this vaccine 
prototype is a suitable COVID-19 vaccine 
candidate antigen for technology transfer.

DISCUSSION
In general, access to vaccine products and 
technologies is obtained through licensing 
agreements between technology/product 

donors to recipient manufacturers. However, 
in the context of the COVID-19 vaccine, it is 
challenging for LMIC to get access, not only 
to vaccine products to meet the country’s 
needs but also to the current know-how in 
vaccine manufacturing processes [18,19]. One 
of the potential factors could be that many 
technology owners have a high demand for 
collaboration at the same time and thus, the 
companies tend to choose their counterparts 
selectively for expansion of their vaccine pro-
duction. One lesson learned from the current 
COVID-19 pandemic is that self–reliance 
in vaccine development and production in 
LMIC is an essential strategy to be embraced 
[20,21]. In this collaborative study, PT Bio 
Farma had the opportunity of working close-
ly with experts in the field of vaccine biopro-
cess development at UCL. This has expedited 
the development of a microbial platform to 
produce COVID-19 vaccine candidates by 

 f FIGURE 6
Figure 6. Immune responses induced by receptor binding domain (RBD) antigen. (A) groups of 
BALB/c mice (n = 7 per group) were vaccinated s.c. at the base of the tail on day 0 and again on 
day 21 with alum only or 2.5 μg, 5 μg, or 10 μg RBD formulated with Alum or Alum and CpG or 
CFA in a total volume of 200 μL/dose. Sera were obtained from blood taken on day 35. Antibody 
responses were then determined by ELISA and (B) antibody neutralization capacity was mea-
sured by SARS-CoV-2 Neutralization Antibody Detection Kit presented as percent inhibition. 
The antibody titers and percent inhibition of individual animals are presented with the mean 
value ± SD. 
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addressing the knowledge gaps and establish-
ing readiness against not only current but also 
future pandemic threats. 

TRANSLATIONAL INSIGHT
Vaccination is critical for the prevention and 
control of infectious disease outbreaks. Being 
of paramount importance to global health, 
they are a key component of primary health 
care and an indisputable human right. Yet 
far too many people around the world have 
insufficient access to vaccines. The limited 
availability and affordability of vaccines to 
LMIC has created a need for solutions that 
will ensure effective, affordable vaccine pro-
duction technology. With the potential for 
more pandemics, the urgency to expand the 
vaccine range has become even more evident. 
Transfer of know-how will therefore be critical 
to enable scale-up. This case study will act as 
a foundation for the establishment and devel-
opment of a COVID-19 vaccine platform for  
industrial production.
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