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A B S T R A C T   

The COVID-19 pandemic has demanded a range of biotechnological products for detection of SARS-CoV-2 
variants and evaluation of human seroconversion after infection or vaccination. In this work, we describe an 
easy pipeline for expression of SARS-CoV-2 nucleocapsid (N) protein in insect cells followed by its purification 
via affinity chromatography. The N gene was cloned into the genome of Autographa californica multiple nucleo
polyhedrovirus (AcMNPV) via transposition and the resulting recombinant baculovirus was used for infection of 
lepidopteran Sf9 cells adapted to high-density suspension. Using Tris− HCl pH 8.0 buffer as mobile phase and 
eluting bound proteins with 175 mM imidazole as part of a three-step gradient, an average of 1 mg N protein 
could be purified from each 50 mg of total protein from clarified supernatant. Such protein amount allows the 
manufacturing of serological tests and the development of basic studies on cellular responses to SARS-CoV-2.   

Gene expression systems based on baculoviruses generate high 
amounts of recombinant proteins in insect cells (Chambers et al., 2018). 
These systems also allow the introgression of large DNA fragments and 
have undergone various improvements along the years that have made 
molecular cloning easier (Possee et al., 2019). Baculoviruses contain a 
circular double-stranded DNA genome and two distinct infection forms: 
occlusion-derived virus (ODV) and budded virus (BV) (Harrison et al., 
2018). While the ODV is responsible for primary infection and virions 
are embedded in a protein matrix of polyhedrin, forming an occlusion 
body (OB), the BVs are released from host cells and are responsible for 
spreading viruses in insect bodies systemically. 

For in vitro expression of heterologous proteins, DNA from recom
binant baculovirus produced in Escherichia coli (E.coli) by site-specific 
transposition are transfected in insect cells and the resulting budded 
virions are then used for infection of new culture batches and titration 
(Galleno and Sick, 1999). The polyhedrin (polh) promoter, which con
tains transcription elements for high expression rates, often regulates the 
expression of recombinant genes in baculovirus-based systems (Galleno 
and Sick, 1999; Possee and Howard, 1987). Commonly, the gene of in
terest substitutes the polh gene, which is non-essential for viral repli
cation and results in the production of virus without OB. In summary, 
the cloning of recombinant baculoviruses and their trans
fection/infection in insect cell culture batches have been simplified and 

are straightforward procedures for heterologous protein expression. The 
main bottleneck, as observed for other expression systems, is to obtain 
pure and stable proteins. 

The current coronavirus disease 2019 (COVID-19) pandemic, caused 
by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), has 
demanded several biotechnological products and services for detection, 
treatment, and prevention of virus infection and disease. Besides the 
molecular tools for virus detection such as the reverse-transcriptase 
quantitative polymerase chain reaction (RT-qPCR), serological tech
niques have been highly employed to evaluate the seroconversion of 
infected and immunized patients (Gong et al., 2021; Machado et al., 
2020). Therefore, the production of SARS-CoV-2 antigens has become 
indispensable for manufacturing serological tests [e.g., enzyme-linked 
immunosorbent assay (ELISA)] or use in basic studies, aiming a better 
understanding of SARS-CoV-2 infection and host-triggered immune re
sponses. In this work, we provide a straightforward protocol for one-step 
purification of SARS-CoV-2 nucleocapsid (N) protein expressed in insect 
cells using a recombinant baculovirus. 

The SARS-CoV-2 N gene was amplified by RT-PCR using purified 
SARS-CoV-2 RNA from a nasopharyngeal swab sample kindly supplied 
by the Central Laboratory of Public Health in the Federal District, Brazil. 
The primers N-COV-F (5′- GGG GAC AAG TTT GTA CAA AAA AGC AGG 
CTT CAT GTC TGA TAA TGG ACC CCA AAA –3′) and N-COV-His-R (5′- 
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GGG GAC CAC TTT GTA CAA GAA AGC TGG GTC CTA GTG GTG ATG 
GTG ATG ATG GGC CTG AGT TGA GTC AGC AC -3′) were used for cDNA 
synthesis and PCR. Both primers contain attachment (att) sites for 
Gateway cloning and the latter an additional coding sequence for 6xHis- 
tag before the stop codon. cDNA first strand was synthesized with Su
perScript IV [Thermo Fisher Scientific (TFS), Waltham, Massachusetts, 
U.S.A.] and the PCR product was amplified with Phusion Taq DNA po
lymerase (TFS). The PCR product was recombined into the entry vector 
pDONR207 with BP Clonase Enzyme Mix (TFS), and the resulting 
pDONR207-SARS-CoV-2-N-gene was recombined into the destination 
vector pDEST8 with LR Clonase Enzyme Mix (TFS). In the end, pDEST8- 
SARS-CoV-2-N-gene was transformed in E. coli DH10Bac cells (TFS) by 
electroporation and the N gene, under control of the polh promoter, was 
inserted in the genome of Autographa californica multiple nucleopoly
hedrovirus (AcMNPV) via transposition (Bac-to-Bac®, Baculovirus 
Expression Systems, TFS), generating the recombinant bacmid vAc-N- 
6xHis. All procedures followed the manufacturers’ recommendations. 

For recovery of infectious baculoviruses, one microgram of vAc-N- 
6xHis DNA was transfected into lepidopteran (Spodoptera frugiperda) Sf9 
cells (106) grown in a six-well plate using FuGENE® HD Transfection 
Reagent (Promega, Madison, Wisconsin, U.S.A.) and following the 
manufacturer’s protocol. Sf9 cells were maintained in TC-100 medium 
(Vitrocell, Campinas, São Paulo, Brazil) supplemented with 10 % fetal 
bovine serum, 25 μg/mL amphotericin B, and 50 mg/L gentamycin 
sulfate. Cells were passaged twice a week and kept at 27 ◦C. Seven days 
post-transfection, the supernatant was collected and the recombinant 
virus was titrated as described elsewhere (O’Reilly et al., 1992). Then, 
Sf9 cells (1.5 × 107) grown in 75 cm2 flasks were infected at a multi
plicity of infection (M.O.I.) of 1 to increase the virus titer as described in 
O’Reilly et al. (O’Reilly et al., 1992). Infected Sf9 cells presented typical 
cytopathic effects such as increasing nucleus size, loss of attachment, 
and irregular shapes (Fig. 1). 

For bulk protein production, anchored Sf9 cells were adapted to 
grow in suspension. Cells were cultured in 50 mL supplemented TC-100 
medium (in 100-ml glass flasks) under constant shaking of 100 rpm in 
minitron incubator shaker (INFORS HT). They were passaged every 3 
days, maintaining a density between 0.5 and 4 × 106 cells/mL. Before 
infection, cells were cultured in 100 mL supplemented TC-100 medium 
(in 250-ml glass flasks) at density varying between 1.5–2 × 106 cells/mL 
and then infected at M.O.I of 10. After 72 h post-infection (h.p.i.), cells 
were harvested by centrifugation at 2455 x g. 

Pellet from each flask was resuspended with one ml lysis buffer [2.5 
mL of 20 mM Tris− HCl buffer, pH 8, with 500 mM NaCl and 1 mM 
phenylmethylsulfonyl fluoride (PMSF) protease inhibitor] and sonicated 
twice for 30 s at 25 % amplitude and then centrifuged at 10,000 x g for 
30 min at 4 ◦C. Both soluble and insoluble fractions were submitted to 
sodium dodecyl sulfate–polyacrylamide gel electrophoresis (SDS-PAGE) 
followed by western blot. Mouse monoclonal anti-6xHis and alkaline- 
phosphatase (ALP)-conjugated goat anti-mouse, both from Abcam 

(Cambridge, U.K), were used as primary and secondary antibodies for 
immunoblotting, respectively. In the end, N proteins accumulated sub
stantially more in soluble fractions (Fig. 2). Therefore, insoluble frac
tions were not considered for chromatography to avoid further protein 
refolding steps. 

For SDS-PAGE, a volume of 15 μL per sample in 4X protein loading 
buffer (0.25 M Tris-Cl, pH 6.8, 4% SDS, 20 % glycerol, 10 % 2-mercap
toethanol, and 0.02 % bromophenol blue) was heated (100 ◦C) for 5 min 
and run through a 12 % polyacrylamide gel. Proteins were visualized by 
Coomassie brilliant Blue R-250 staining. For Western blotting, proteins 
were transferred onto Immobilon-P transfer membrane (MilliporeSigma, 
Burlington, Massachusetts, U.S.A.) using a Trans-Blot Semi-Dry Transfer 
Cell (Bio-Rad, Hercules, California, U.S.A.). Membranes were then 
blocked in 1X PBS Buffer (137 mM NaCl, 2.7 mM KCl, 10 mM Na2HPO4, 
2 mM KH2PO4, pH 7.4) containing 3% bovine serum albumin for 16 h at 
4 ◦C. Then, they were washed three times with 1X PBS Tween (0.05 %). 
Primary and secondary antibodies were incubated for one hour and 
washed three times with 1X PBS Tween (0.05 %) between incubations. 
Chromogenic substrate NBT-BCIP (Promega) was used for the detection 
of N protein according to the manufacturer’s protocol. 

Fig. 1. Sf9 cells infected with the recombinant baculovirus vAc-N-6xHis. (A) Mock and (B) infected cells. The inset in B zooms in cells presenting hypertrophied 
nucleus with amorphous mass accumulation. 

Fig. 2. Detection of heterologous SARS-CoV-2 N protein from disrupted Sf9 
cells. (A) SDS-PAGE of soluble (1) and insoluble (2) fractions from disrupted Sf9 
cells expressing SARS-CoV-2 N protein. (B) These fractions were also submitted 
to western blot using mouse monoclonal anti-6xHis as primary antibody. M 
stands for the molecular marker PageRuler Prestained Protein Ladder (TFS). 
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All purification runs were performed on AKTA lab-scale purification 
system, model AKTA Pure (GE Healthcare, Chicago, Illinois, U.S.A.). 
Data were collected and analyzed using UNICORN 6.3 software. A 5 mL 
HisTrap HP column (GE Healthcare) was first equilibrated with 10 mL of 
buffer A (500 mM of NaCl, 20 mM TrisHCl buffer, pH 8.0) at 4 mL/min 
flow-rate. About 6 mL of clarified supernatant was loaded to the system 
superloop with a syringe and flowed through the column at 1 mL/min. 
Unbound proteins were washed out of the column with 25 mL buffer A at 
2 mL/min flow-rate. To elute bound proteins, 65 mL buffer B (buffer A 
with 500 mM imidazole) flowed through the column as a three-step 
gradient of 100 mM, 175 mM, and 500 mM imidazole concentrations 
at 4 mL/min. Fractions of 2 mL were collected and submitted to SDS- 
PAGE and Western blot. Pure recombinant SARS-CoV-2 N protein was 
obtained in fractions of bound proteins that were eluted with 175 mM 
imidazole (Fig. 3A,B). These fractions were then pooled in SnakeSkin 
Dialysis Tubing 10,000 MWCO (TFS), and desalted against 1X PBS for 12 
h. Protein concentration was measure with Quant-iT™ Protein assay kit 
(Invitrogen) according to the manufacturer’s protocol. An average of 1 
mg N protein was purified from 50 mg of total protein in clarified su
pernatant. The recombinant protein was also subjected to immuno
blotting with rabbit monoclonal anti-SARS-CoV-2 N protein (TFS) and 
ALP-conjugated goat anti-rabbit (TFS) as primary and secondary anti
bodies, respectively (Fig. 3C). 

Several strategies were explored without success in the first attempts 
for SARS-CoV-2 N protein purification by affinity chromatography. 
Following some published technical manuals, Na3PO4 pH 7.4 buffer, for 
example, was used as mobile phase (buffer A), and imidazole elution was 
programmed to occur as a linear gradient. These methods failed to 
produce pure fractions containing the N protein. The mobile phase was 
then changed to Tris− HCl pH 8.0 buffer and imidazole elution was set 
up to occur as a three-step gradient as described above. Changing the 
mobile phase increased the binding of proteins in the column and the 
imidazole step-gradient resulted in fractions containing pure N protein 
in a higher yield (Fig. 3). 

Ease of scale-up by adapting cell growth to high-density suspension 
and less demanding culture conditions make insect cells more advan
tageous than mammalian cells for expression of certain animal or 
animal-infecting virus proteins. Therefore, baculovirus expression sys
tems offer more advantages than other systems for combining robust 
protein expression with post-translational modifications that are more 
comparable to mammals (Tsai et al., 2020). Baculoviruses have been 
used for manufacturing viral vaccines based on subunits or virus-like 
particles (mimicking virions) against human and veterinary patho
genic viruses (Felberbaum, 2015). During the COVID-19 pandemic, 
baculoviruses have been used for expression of SARS-CoV-2 spike (S) 
protein versions as subunits for the development of supplies, and 
virus-like particles and baculoviral vector-based DNA as vaccine can
didates (Cho et al., 2021; Fujita et al., 2020; Li et al., 2020b; Mi et al., 
2021). None of these studies included the N gene, and public protocols 
for heterologous expression and purification of SARS-CoV-2 N protein 

seem to be restricted to E. coli (Djukic et al., 2021; Garg et al., 2020; Li 
et al., 2021). 

Although S protein mediates SARS-CoV-2 entry in host cells and is 
targeted by most known neutralizing antibodies, N protein plays 
important roles during virus infection and host response (Dai and Gao, 
2021). In charge of genome packaging, N is the most abundant protein in 
coronaviruses and has been shown as a major target for humoral 
response during SARS-CoV-2 infection, and many T cells epitopes have 
been mapped to it (Oliveira et al., 2020; Sariol and Perlman, 2020; Wu 
et al., 2021). As a result, this protein has been widely used for quanti
fying IgM and IgG from COVID-19 patients (Burbelo et al., 2020; Wu 
et al., 2021). N protein has also key functions during SARS-CoV-2 
infectivity, such as suppressing RNA interference and inhibiting inter
feron signaling pathways in mammalian cells (Chen et al., 2020; Li et al., 
2020a; Mu et al., 2020b, 2020a). In summary, expression and purifica
tion of N protein are relevant for studies on SARS-CoV-2 infectivity and 
pathogenicity in addition to the development of diagnostic supplies. 
Here, we present a protocol that can be easily scaled up and reproduced 
in laboratories that use baculovirus-based systems for expression of re
combinant proteins. 
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