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A B S T R A C T   

Brevibacillus choshinensis is a gram-positive bacterium that is known to efficiently secrete recombinant proteins. 
However, the expression of these proteins is often difficult depending upon the expressed protein. In this study, 
we demonstrated that the addition of arginine hydrochloride and proline to the culture medium dramatically 
increased protein expression. By culturing bacterial cells in 96-well plates, we were able to rapidly examine the 
expression conditions and easily scale up to 96 mL of culture for production. Although functional expression of 
the receptor binding domain (RBD) of the SARS-CoV-2 spike protein without any solubility-enhancing tag in 
bacterial strains (including Escherichia coli) has not been reported to date, we succeeded in efficiently producing 
RBD which showed a similar CD spectrum to that of RBD produced by eukaryotic cell expression systems. 
Furthermore, RBD from the omicron variant (B.1.1.529) was also produced. Physicochemical analyses indicated 
that omicron RBD exhibited markedly increased instability compared to the wild-type. We also revealed that the 
Fab format of the anti-SARS-CoV-2 antibody C121 can be produced in large quantities using the same expression 
system. The obtained C121 Fab bound to wild-type RBD but not to omicron RBD. These results strongly suggest 
that the Brevibacillus expression system is useful for facilitating the efficient expression of proteins that are 
difficult to fold and will thus contribute to the rapid physicochemical evaluation of functional proteins.   

1. Introduction 

Bacterial expression systems have been widely used in the research 
and pharmaceutical fields based on their ability to produce recombinant 
proteins easily and at a low cost. Escherichia coli has been used for a long 
period of time, and various expression vectors and methods to allow for 
functional expression have been developed [1,2]. In many cases, pro-
teins containing disulfide bonds are expressed in the periplasm by fusion 
with a signal peptide [3] owing to the reductive environment of the 
cytoplasm. However, the efficiency of secretory expression in E. coli is 
low. Furthermore, endotoxin contamination is often a problem in certain 
applications [4]. 

Brevibacillus is a soil-derived gram-positive bacterium that is known 
for its superior ability to secrete proteins without endotoxin [5]. The 
expression system utilizing Brevibacillus choshinensis (B. choshinesis) is 
commercially available [6], and the expression of various types of 

proteins such as enzymes, cytokines, and antibodies has been previously 
reported [7–18]. However, in our experience, the expression levels of 
some proteins are often insufficient or decrease when scaled up from the 
test tube to the flask. It has been reported that optimization of the me-
dium composition by including peptone and carbon sources [11] or the 
addition of magnesium chloride [14], proline [11], or arginine hydro-
chloride (ArgHCl) [18] to the medium improves protein expression. 
However, these methods may be limited by their application to specific 
proteins and are not generalizable. Additionally, although it has been 
determined that jar fermenters can be used for mass production of 
proteins, these systems are not suitable for the simultaneous production 
of various proteins for biochemical research applications. 

In this study, we developed an efficient method to examine expres-
sion conditions by adding folding auxiliary molecules to the culture 
medium. For this purpose, we attempted to culture cells in 96-well plates 
to allow for number of different medium conditions to be examined 
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simultaneously. For production, we incorporated 96 mL of culture into 
96-well plates under the same optimized conditions and successfully 
expressed and purified the proteins from the culture supernatant. 

We focused on the receptor-binding domain (RBD) of the SARS-CoV- 
2 spike protein as the target of this research. Since the beginning of the 
2019 SARS-CoV-2 pandemic, RBD that is the key domain for human cell 
infection [19,20] has attracted much attention as a target molecule for 
treatment utilizing neutralizing antibodies [21,22] and vaccines [23]. In 
this context, recombinant expression of RBD in E. coli has been 
attempted; however, expression without the presence of any 
solubility-enhancing tag within the soluble fraction and with correct 
folding has not yet been achieved [24–32]. RBD possesses four disulfide 
bonds [33] that make it difficult for this domain to fold correctly. 
Although many attempts have been made to refold RBDs from inclusion 
bodies, the procedure is complicated, and it has been suggested that the 
physicochemical properties may differ from those of proteins produced 
by baculovirus or by mammalian cell expression systems [31]. Although 
the RBD-MBP fusion protein was reported to be expressed in the soluble 
fraction of the cytoplasm [32], there was no structural or physico-
chemical information for the recombinant fusion protein except for in-
formation regarding ACE2 binding ability, and it may be possible that 
untagged RBD is insoluble when MBP is cleaved due to the strong sol-
ubilizing effect of MBP [34]. 

As SARS-CoV-2 continues to mutate, a bacterial expression system 
capable of high-throughput expression of RBD possessing correct folding 
will be beneficial for physicochemical analysis of the mutants. For this 
purpose, we also attempted to create recombinant RBD from the omi-
cron variant (B.1.1.529) that possesses 15 mutations in RBD [35] and to 
compare the physicochemical properties of this mutant to those of the 
wild type. 

Furthermore, we also examined the production of the Fab format of 
the anti-RBD antibody C121 [36] in B. choshinesis to confirm the gen-
erality of our strategy. Although Fab antibody production in 
B. choshinesis has been reported using a duet vector harboring tandem 
VL-CL and VH-CH1 genes, there are likely more optimal medium con-
ditions for production. Additionally, omicron RBD possesses an E484A 
mutation that was reported to function as an escape mutation from C121 
[37,38]. Therefore, we hypothesized that we could obtain suggestions 
for the function and folding of recombinant proteins by analyzing the 
interactions between these proteins. 

2. Materials and methods 

2.1. Optimization of recombinant protein expression 

The nucleotide sequences for the SARS-CoV-2 spike RBD (wild-type 

and omicron: aa 319–537) and Fab format of anti-RBD antibody C121 
were codon-optimized and synthesized by Integrated DNA Technolo-
gies, Inc. They were then inserted into the pBIC4 vector (TaKaRa Bio) or 
the pNI vector (TaKaRa Bio). In the C121 Fab expression vector, the 
signal peptide sequence of VL-CL was from pBIC3 (TaKaRa Bio) and that 
of VH-VH1 was from pBIC4. The plasmid maps are presented in Fig. 1A 
and 3A. The plasmids were transformed into Brevibacillus competent 
cells (TaKaRa Bio) and cultured at 37 ◦C in TM medium to create a 
glycerol stock of the cells. Glycerol stock (10 μL) was added to each well 
of a 96-well deep-well plate containing 1 mL of medium. TM and 2SY 
media containing neomycin were used as basic media. The 2SY medium 
contained 20 g/L of glucose, 40 g/L of Phytone Peptone (Thermo Fisher 
Scientific), 5 g/L of Bacto Yeast Extract (Thermo Fisher Scientific), and 
0.11 g/L of CaCl2. TM medium contained 10 g/L of glucose, 10 g/L of 
Phytone Peptone (Thermo Fisher Scientific), 5 g/L of 35% Ehrlich Bo-
nito Extract (Kyokuto Pharmaceutical), 2 g/L of Yeast extract SH 
(Fujifilm Wako Pure Chemicals), 10 mg/L of FeSO4･7H2O, 8.9 mg/L of 
MnCl2･4H2O, and 1 mg/L of ZnSO4･7H2O. Proline (10 g/L) and/or 
ArgHCl (200 mM) was added to the basic medium. The plate was 
covered by a gas permeable seal and incubated at 1000 rpm at 30 ◦C for 
60 h in a plate incubator (MBR-032P, TAITEC). Supernatants from each 
well were collected after performing a round of centrifugation at 20,000 
g for 5 min, and they were subsequently used for SDS-PAGE analysis. 

2.2. Expression and purification of RBD 

The 2SY medium was supplemented with 10 g/L proline and 200 mM 
ArgHCl, and 1 mL of the glycerol stock of the transformed B. choshinesis 
was added to each well of a 96-well deep-well plate. The plate was 
covered by a gas permeable seal and incubated at 1000 rpm at 30 ◦C for 
60 h in a plate incubator (MBR-032P, TAITEC). Supernatants were 
collected after performing a round of centrifugation at 40,000 g for 20 
min and then sanitized by filtering. The supernatants were mixed at a 
1:1 ratio with 200 mM Tris-HCl and 500 mM NaCl (pH 7.4) and then 
loaded onto a Ni Sepharose Excel (Cytiva) column. The column was 
washed with wash buffer composed of 20 mM Tris-HCl, 500 mM NaCl, 
and 20 mM imidazole (pH 7.4). His6-tagged RBD was eluted using an 
elution buffer composed of 20 mM Tris-HCl, 500 mM NaCl, and 200 mM 
imidazole (pH 7.4). The His6-tag of RBD was cleaved using TEV prote-
ase. RBD was further purified using SEC with a HiLoad 16/60 Superdex 
200 pg column (GE Healthcare) or HiLoad 16/60 Superdex 75 pg col-
umn (GE Healthcare) that was equilibrated with phosphate-buffered 
saline (PBS). The monomer fraction was then collected. The elution 
profile of the proteins was monitored at 280 nm. 

Fig. 1. High-throughput expression optimization and production system proposed in this study.  
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2.3. Expression and purification of C121 Fab 

TM medium that was supplemented with 10 g/L of proline, 200 mM 
ArgHCl, and 1 mL of glycerol stock of the transformed B. choshinesis was 
added to each well of a 96-well deep-well plate. The plate covered by a 
gas permeable seal and incubated at 1000 rpm at 30 ◦C for 60 h in a plate 
incubator (MBR-032P, TAITEC). Supernatants were collected after per-
forming a round of centrifugation at 40,000 g for 20 min and then 
sanitized by filtering. The supernatants were mixed at a 1:1 ratio with 
200 mM Tris-HCl and 500 mM NaCl (pH 7.4) and then loaded onto a Ni 
Sepharose Excel (Cytiva) column. The column was washed with wash 
buffer composed of 20 mM Tris-HCl, 500 mM NaCl, and 20 mM imid-
azole (pH 7.4). His6-tagged C121 Fab was eluted using an elution buffer 
composed of 20 mM Tris-HCl, 500 mM NaCl, and 200 mM imidazole (pH 
7.4). His6-tagged C121 Fab was further purified using SEC with a HiLoad 
16/60 Superdex 200 pg column (GE Healthcare) that was equilibrated 
with PBS. The monomer fraction was then collected. The elution profile 
of the proteins was monitored at 280 nm. 

2.4. Circular dichroism analysis 

CD spectroscopy experiments were performed using a J-820 CD 
spectrometer (JASCO). Proteins were used at a concentration of 0.2 mg/ 
ml. A quartz cuvette possessing a path length of 1 mm was used. Spectra 
were collected at 25 ◦C (resolution; 0.1 nm, average time: 4 s, scan 
speed: 50 nm/min) and obtained by calculating the average of four scans 
acquired from 260 to 200 nm. For thermal melting of RBD, the tem-
perature was increased from 20 to 80 ◦C at a rate of 1 K/min, and signals 
at 210 nm were collected at 0.1 K intervals. The obtained thermal 
denaturation curves were fitted to a two-state transition model using 
JASCO software to obtain the thermodynamic parameters Tm and ΔHVH. 

2.5. Differential scanning calorimetry analysis 

The heat capacity curves were measured using a MicroCal PEAQ-DSC 
instrument (Malvern). The samples were prepared in PBS at a monomer 
concentration of 1.0 mg/mL (the first sample) or 0.85 mg/mL (the 
second sample) for the wild-type RBD and at 0.76 mg/mL (the first 
sample) or 0.32 mg/mL (the second sample) for the omicron RBD. The 
scan rate was set to 1 K/min. Data were analyzed using MicroCal PEAQ- 
DSC software (Malvern). To obtain the thermodynamic parameters Tm 
and ΔHcal, we subtracted the contribution of the buffer, normalized it 
according to the protein concentration, and fitted the data to a non-two- 
state model. 

2.6. Biolayer interferometry analysis 

The association and dissociation kinetics were analyzed using the 
Octet RED 384 System (Sartorius). His6-tagged C121 Fab was diluted to 
10 μg/mL with PBS containing 0.005 (v/v) % Tween 20 and then 
immobilized on anti-Penta-HIS biosensors (Sartorius). Measurements 
were performed in PBS containing 0.005 (v/v) % Tween 20 at 25 ◦C at a 
rotation rate of 1000 rpm. RBD was introduced as an analyte using a 2- 
fold dilution series of six steps over a concentration range of 1–32 nM. 
Data were analyzed using Octet Data Analysis software (Sartorius). 
Values in the absence of antibodies were subtracted from the data, and 
the curves were analyzed as 1:1 interaction kinetics. 

3. Results 

3.1. Construction of a high-throughput expression optimization system 

We determined that culture using deep-well plates was effective for 
the growth and recombinant expression of B. choshinesis. Compared to 
culturing incorporating the use of test tubes, this method saves space 
and allows for simultaneous culturing under multiple conditions. 

Additionally, it is sufficient in most cases in the biochemical research 
field to obtain approximately 1 mg of the recombinant protein, an 
amount that can be expressed in a 96 mL culture of B. choshinesis in 
many cases. Therefore, we constructed a high-throughput expression 
optimization and production system as illustrated in Fig. 1. This system 
consists of two steps that include medium screening and production. In 
the first step, up to 96 conditions can be simultaneously tested using a 
single plate. The amount of expression was determined by SDS-PAGE or 
other techniques. After determining the medium composition in which 
recombinant expression is maximum, cultivation can be performed at a 
96 mL scale for the production of the recombinant protein using a plate 
containing identical medium in all wells. 

3.2. Optimization of RBD expression and purification 

As the first model of this system, we chose the RBD of the spike 
protein of CoV-2. We constructed an expression vector for the wild-type 
RBD as presented in Fig. 2A. The TEV protease cleavage site was inserted 
between the His6-tag and RBD to obtain an untagged RBD. To express 
recombinant RBD, we tested basic media for B. choshinesis, TM, and 2SY. 
However, the expression levels were too low (Fig. 2B, lanes 1 and 5), 
although slight expression was confirmed by western blotting analysis 
(data not shown). To optimize the culture conditions, we tested the ef-
fects of proline and ArgHCl. We selected these molecules due to their 
well characterized function as folding auxiliary molecules and based on 
reports indicating that they are effective for recombinant expression of 
certain types of proteins in B. choshinesis [11,18]. Eight medium con-
ditions were screened using eight wells of a 96-well plate (Fig. 2B). RBD 
was expressed at high levels only in 2SY medium containing both pro-
line and ArgHCl (Fig. 2B, lane 4). 

Next, RBD was expressed under optimized conditions in a 96 mL of 
medium using a deep well plate. RBD was purified from the culture 
supernatant by immobilized metal affinity chromatography that was 
followed by cleavage of the His6-tag by TEV protease. Finally, the RBD 
was subjected to size-exclusion chromatography (SEC). The chromato-
gram revealed that RBD existed exclusively as a monomer (Fig. 2C and D 
lane1). The final yield of the monomer fraction was approximately 1 mg 
per 96 mL of culture. 

In addition to wild-type RBD, omicron RBD was expressed and pu-
rified using the same protocol. Although the expression level was lower 
than that for the wild type, we obtained a highly pure omicron RBD 
solution (Fig. 2D lane2). 

3.3. Physicochemical properties of the recombinant RBD 

CD spectral analyses were conducted to assess the folding of the re-
combinant RBD (Fig. 3A). The wild-type and omicron RBD exhibited the 
same characteristic spectra with a weak positive peak at approximately 
232 nm and a strong negative peak at approximately 208 nm. This 
characteristic shape is the same as the reported CD spectra of recombi-
nant RBDs produced by other expression systems. Thermal denaturation 
of the secondary structure was measured using a CD signal at 210 nm 
(Fig. 3B). Denaturation of the wild-type began at approximately 45 ◦C, 
and the Tm was calculated by fitting to a two-state transition model was 
54.1 ◦C. In contrast, denaturation of the omicron RBD began at 
approximately 40 ◦C, and the Tm was 42.5 ◦C. This indicated that the 
omicron RBD was more unstable compared to the wild-type (Table 1). 

Thermostability analysis was conducted using DSC. The heat ca-
pacity curves also clearly indicated that omicron RBD was remarkably 
unstable (Fig. 3C). The Tm of the wild-type was 49.7 ◦C, while that of the 
omicron RBD was 40.7 ◦C. This indicated that the omicron is 9 ◦C less 
thermally unstable than is the wild-type (Table 1). 

3.4. Optimization of C121 Fab expression and purification 

As we determined that RBD could be produced properly in this 
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expression system, we examined Fab antibodies as our next target. We 
constructed an expression vector for C121 Fab as presented in Fig. 4A. 
Fab is comprised of a heavy chain (VH–CH1) and a light chain (VL-CL), 
and the vector therefore contains these two genes. Similar to the ex-
periments examining RBD, screening of medium conditions was con-
ducted under eight conditions that included two basic medium 
compositions (TM and 2SY) with and without the addition of proline and 
ArgHCl. SDS-PAGE analysis of the culture supernatants revealed that TM 
medium containing ArgHCl (with or without proline) was the most 
optimal (Fig. 4B). B. choshinesis growth was remarkably suppressed, and 
extracellular expression of proteins, including C121 Fab, was quite low 
in the TM medium without proline and ArgHCl. In contrast, the 
expression of C121 Fab was evident in the 2SY medium; however, the 
addition of proline and/or ArgHCl was not as effective. 

Based on the screening results, C121 Fab was expressed in TM 

medium supplemented with proline and ArgHCl in a deep well plate. 
C121 Fab was purified from the culture supernatant by immobilized 
metal affinity chromatography that was followed by SEC. The SEC 
chromatogram exhibited a single heterodimer peak that suggests the 
monodispersity of the solution (Fig. 2C and D lane1). The final yield of 
the peak fraction was approximately 10 mg per 96 mL of culture. 

3.5. Physicochemical properties of the recombinant C121 Fab 

The purified C121 Fab was subjected to CD analysis. The spectrum of 
C121 Fab exhibited a negative minimum at 218 nm that is typical of the 
immunoglobin fold. This result indicated that the C121 Fab underwent 
proper folding. 

Finally, we conducted intermolecular interaction analysis between 
recombinant RBD and C121 Fab using biolayer interferometry (BLI). 
C121 Fab possessing a His6-tag at the C-terminus of each chain was 
immobilized on the Anti-Penta-HIS Biosensors, and the interaction was 
measured using a serial dilution series of RBD solutions. The sensorgram 
revealed that C121 Fab bound to the wild-type RBD with a high affinity 
(KD 3.25 nM) (Fig. 5B). Conversely, C121 Fab did not interact with the 
omicron RBD at concentrations below 32 nM (Fig. 5C), thus suggesting 
that the omicron strain would immunologically escape from this clone. 

Fig. 2. Expression and purification of RBD. 
A, Vector map of the plasmid for RBD 
expression that was constructed in this study. 
B. Analysis of culture supernatants using 
15% SDS-PAGE with Coomassie Brilliant 
Blue staining. Lane 1, 2SY medium; lane 2, 
2SY medium supplemented with proline; 
lane 3, 2SY medium supplemented with 
ArgHCl; lane 4, 2SY medium supplemented 
with proline and ArgHCl; lane 5, TM me-
dium; lane 6, TM medium supplemented 
with proline; lane 7, TM medium supple-
mented with ArgHCl; lane 8, TM medium 
supplemented with proline and ArgHCl. C, 
SEC elution profile of wild-type RBD. A 
HiLoad 16/60 Superdex 200 column was 
used. D. Analysis of purified recombinant 
RBD using 15% SDS-PAGE with Coomassie 
Brilliant Blue staining. Lane 1, wild-type 
RBD; lane 2, omicron RBD.   

Fig. 3. Physicochemical properties of RBD. A, CD spectra. B, Thermal denaturation curves as measured by the CD signal at 210 nm. C, Heat capacity (Cp) curves as 
measured by DSC. Black, wild-type RBD; red, omicron RBD. 

Table 1 
Thermodynamic parameters of RBD.   

CD (n = 1) DSC (n = 2) 

Tm (◦C) ΔHVH (kcal/mol) Tm (◦C) ΔHcal (kcal/mol) 

WT 54.1 90 49.7 93 
Omicron 42.5 48 40.7 59  
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4. Discussion 

In this study, we demonstrated that medium optimization is effective 
for the B. choshinesis expression system. We selected proline and ArgHCl 
as supplement candidates owing to their well characterized function as 
folding auxiliary molecules [39,40] and based on reports that they are 
effective for recombinant expression of certain types of proteins in 
B. choshinesis [11,18]. The results revealed that proline and ArgHCl 
synergistically enhanced RBD expression, thus indicating that they 
function through different mechanisms. We first hypothesized that they 
would assist in folding of the recombinant protein. However, the 
observation that they enhanced bacterial growth and the extracellular 
expression of intrinsic proteins indicated that they also exerted certain 
effects on cells as demonstrated in a previous study [11]. 

Even if these supplements are effective in some cases, it is almost 
impossible to predict the effect of other proteins. For example, their 
supplementation did not affect RBD expression in the TM medium, 
although they (particularly ArgHCl) were quite effective in regard to 
C121 Fab expression. Therefore, it is important to optimize the expres-
sion to simultaneously test the various conditions. In this context, our 
new strategy incorporating the use of 96-well plates would be helpful. 
Although we tested only proline and ArgHCl in this study, other addi-
tives (including metal ions and buffers) should be considered. We did 
not mention the signal sequence; however, it also significantly affected 
the expression level. 

We believe that the culture system using 96-well plates is also 
convenient for producing a milligram scale of the recombinant protein. 

Although efficient high-throughput screening systems for E.coli [41,42] 
and Pichia pastoris [43] were already developed, this is the first report of 
using a 96-well plate as a culture container for production of recombi-
nant protein for physicochemical analysis. If the culture flask is used, 
aeration and physical stress of the bacteria are very different from the 
96-well plate system, and this may alter the expression level. We 
observed that the expression level was decreased when the bacteria were 
cultured in flasks, and we determined that the expression of the evident 
band at 45 kDa was also reduced (data not shown). This band was 
suggested to appear under stress conditions [44,45], and therefore, the 
45 kDa protein may exert an effect on the expression and folding of 
recombinant proteins. When the culture for production is performed 
under the same conditions as those used for the optimization experi-
ment, there is no such concern. 

CoV-2 RBD has been reported to be recombinantly expressed in 
mammalian and insect cells and in Pichia pastoris [46,47]. However, to 
the best of our knowledge, no detailed characterization of recombinant 
RBDs expressed in bacteria is available. As the CD spectra and Tm of the 
wild-type RBD produced here resemble those of the reported RBD [46, 
47], it was suggested that our RBD underwent proper folding. The 
high-affinity interaction with C121 Fab, which has been shown to 
recognize the region overlapping epitope of ACE2 [36], also supports 
this argument. However, in order to reveal the accurate structure, it 
would be necessary to analyze 3D structure by X-ray crystallography or 
cryo-electric microscopy. In addition, it should be noted that the RBD 
expressed in B. choshinesis possesses no post-translational modifications, 
and this may affect some physicochemical properties. Therefore, careful 

Fig. 4. Expression and purification of C121 
Fab. A, Vector map of the plasmid used for 
the expression of C121 Fab that was con-
structed in this study. B. Analysis of culture 
supernatants using 15% SDS-PAGE with 
Coomassie Brilliant Blue staining. Lane 1, 
2SY medium; lane 2, 2SY medium supple-
mented with proline; lane 3, 2SY medium 
supplemented with ArgHCl; lane 4, 2SY me-
dium supplemented with proline and 
ArgHCl; lane 5, TM medium; lane 6, TM 
medium supplemented with proline; lane 7, 
TM medium supplemented with ArgHCl; lane 
8, TM medium supplemented with proline 
and ArgHCl. C. SEC elution profile of C121 
Fab. A HiLoad 16/60 Superdex 200 column 
was used. D. Analysis of purified recombi-
nant C121 Fab using 15% SDS-PAGE with 
Coomassie Brilliant Blue staining.   

Fig. 5. Physicochemical properties of C121 Fab A, CD spectrum. B, C, BLI sensorgram. C121 Fab was immobilized on the sensors, and 1–32 nM of wild-type RBD (B) 
or omicron RBD (C) was used as the analyte. Black: raw data; red: fitting. 
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discussion is required when using this construct in biological experi-
ments. We also demonstrated that the thermostability of the omicron 
RBD was 9 ◦C lower than was that of the wild-type. This observation is in 
agreement with a recently reported article that revealed omicron RBD 
expressed in mammarian cells was thermodynamically more unstable 
than wild-type [48]. Recently, crystal and cryoelectron microscopy 
structures of the omicron RBD-hACE2 complex were revealed [49]. 
According to the report, mutations alter the electrostatic surface of the 
ACE2-binding region, and this may lead to a decrease in thermostability. 

5. Conclusion 

We constructed a high-throughput system for optimizing the 
expression and production of recombinant proteins. Using this system, 
we could obtain CoV-2 RBD and anti-RBD Fab antibody. The recombi-
nant proteins were suggested to fold correctly and to interact with each 
other. Furthermore, omicron RBD was also obtained and possessed 
different physicochemical properties compared to those of the wild- 
type. 

Using this system, we expect to be able to express other proteins that 
are difficult to express in E. coli. Additionally, high-throughput physi-
cochemical analysis is expected to enable rapid mutant analysis that will 
be useful for protein design. 
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