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A B S T R A C T   

Serological testing is important method for diagnosis of severe acute respiratory syndrome coronavirus 2 (SARS- 
CoV-2) infection. Nucleocapsid (N) protein is the most abundant virus derived protein and strong immunogen. 
We aimed to find its efficient, low-cost production. 

SARS-CoV-2 recombinant fragment of nucleocapsid protein (rfNP; 58–419 aa) was expressed in E. coli in 
soluble form, purified and characterized biochemically and immunologically. 

Purified rfNP has secondary structure of full-length recombinant N protein, with high percentage of disordered 
structure (34.2%) and of β-sheet (40.7%). rfNP was tested in immunoblot using sera of COVID-19 convalescent 
patients. ELISA was optimized with sera of RT-PCR confirmed positive symptomatic patients and healthy in
dividuals. IgG detection sensitivity was 96% (47/50) and specificity 97% (67/68), while IgM detection was 
slightly lower (94% and 96.5%, respectively). 

Cost-effective approach for soluble recombinant N protein fragment production was developed, with reliable 
IgG and IgM antibodies detection of SARS-CoV-2 infection.   

1. Introduction 

Coronavirus disease 2019 (COVID-19) was first reported from China 
in December 2019, and on March 12, 2020 outbreak has been classified 
as a global pandemic, still rapidly spreading and posing a great threat to 
global public health. Whole-genome sequencing results showed that the 
causative agent was a novel coronavirus, initially named 2019- nCoV by 
the World Health Organization (WHO) (Wu et al., 2020; Zhou et al., 
2020; Zhu et al., 2020). Later, it is officially designated as SARS-CoV-2 
by the International Committee on Taxonomy of Viruses (ICTV) and 
since recently, suggestion for a distinct name was proposed, human 
coronavirus 2019 (HCoV-19) (Gorbalenya et al., 2020; H. wei Jiang 
et al., 2020). Similar to SARS coronavirus (SARS-CoV-1), HCoV-19 can 
cause severe respiratory illness and significant mortality among those 
over 60 years old with chronic conditions. 

In addition to worldwide used nucleic acid− based tests for detection 
of the virus during acute disease, for determination of the real infection 
rate and infection fatality rate in a population serosurveys are necessary. 
Serological assays are needed not only for these serosurveys, but also for 
identification of individuals who were infected (severe, mild, and 
asymptomatic) and who are potentially immune, as well as for identi
fication of potential plasma donors. Beside, serological assays could be 
used for qualitative and quantitative characterization of the immune 
response to the virus (Stadlbauer et al., 2020). For development of a 
reliable serological assay of great importance is preparation of suitable 
SARS-CoV-2 antigens. The best candidates for antigens are structural 
SARS-CoV-2 proteins, spike protein (S protein), envelope protein (E), 
membrane protein (M), and nucleocapsid protein (N protein), and their 
fragments, obtained as recombinant proteins. The N protein is a 
419-amino-acid alkaline protein with a short lysine-rich region, 
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suggested as the nuclear localization signal. It plays an important role in 
the process of virus particle assembly by enveloping the entire genomic 
RNA (Marra et al., 2003). It is the most abundant virus derived-protein, 
relatively conservative in coronaviruses, and it is strong immunogen in 
several coronaviruses (Timani et al., 2004). Hence it is often used as 
antigen for serological assays and for raising antibodies for diagnostic 
applications. Moreover, antibody to the nucleocapsid protein of 
SARS-CoV-2 is more sensitive than spike protein antibody for detecting 
early infection (Burbelo et al., 2020). The SARS-CoV-2 N protein can be 
divided into five regions; a predicted intrinsically disordered N-terminal 
arm (1–40 aa), N-terminal domain (NTD, e.g. an RNA binding domain, 
41–186 aa), a predicted disordered central linker (187–257 aa), C-ter
minal domain (CTD, e.g. a dimerization domain, 258–361 aa), and a 
predicted disordered C-terminal domain (362–419 aa) (Cubuk et al., 
2020). For sensitive and reliable serological assay it is necessary to 
produce SARS-CoV-2 N antigens. Protein expression in prokaryotic 
systems, such as E. coli, is cost effective way to rapidly provide high 
quantities of recombinant protein. In contrast to highly glycosylated S 
protein and its fragments, requiring eukaryotic expression, N protein of 
SARS-CoV-1 have shown to be successfully expressed in E. coli (Maache 
et al., 2006; Pei et al., 2005; Timani et al., 2004; Wu et al., 2004; Zuo 
et al., 2005). Although there are several studies using E. coli expressed 
HCoV-19 N protein there is no study presenting both structural and 
immunochemical characterization, using sera of COVID-19 patients, of 
recombinant SARS-CoV-2 N protein obtained in E. coli (Ye et al., 2020; 
Zeng et al., 2020; Zhang et al., 2020). 

In this study, the recombinant SARS-CoV-2 N protein fragment (rfNP; 
residues from 58 to 419) was expressed in E. coli and purified to ho
mogeneity. The purified rfNP was characterized by CD spectrometry and 
mass spectrometry, followed by its evaluation by immunoblot and ELISA 
using sera of SARS-CoV-2 patients. 

2. Material and methods 

2.1. Material 

E. coli host strains BL21(DE3), were obtained from Novagen (Wis
consin, USA). Synthesis of construct (based on sequence from protein 
data base, UniProt ID ID P0DTC9) cloned in NdeI and XhoI sites of 
plasmid pET20b, was ordered from Genscript (Piscataway, New Jersey, 
United States). Agar, tryptone and yeast extract were purchased from 
Torlak (Institute for virology, vaccines and serums, Belgrade, Serbia). 
Imidazole, 5-Bromo-4-chloro-3-indolyl phosphate (BCIP) and nitro blue 
tetrazolium (NBT) were purchased from Carl Roth, (Germany) isopro
pyl-D-thiogalactopyranoside (IPTG), ampicillin-sodium salt and Tris – 
base were purchased from Fisher Scientific (Loughborough, UK). 
Immobilized metal ion affinity chromatography (IMAC) resin, Ni 
Sepharose 6 fast Flow, and SP Sepharose were purchased from GE 
Healthcare (Uppsala, Sweden). 6x-His Tag Mouse anti-Tag, alkaline 
phosphatase (AP) monoclonal antibodies were purchased from Invi
trogen (Carlsbad, California, United States). Coomassie Brilliant Blue R- 
250 (CBB) from Sigma (St Louis, MO, USA). 

2.2. Patient serum samples 

All study participants and serum donors have given written informed 
consent for the use of their serum for ELISA SARS-CoV-2 antibodies 
assay development. For Western blot serum samples were collected from 
subjects recovered from COVID-19 admitted to INEP laboratory at the 
time of sampling nasopharyngeal swabs for the second negative result 
confirmation by use of real-time polymerase chain reaction (RT- PCR). 
As negative control, sera from healthy volunteers taken from INEP sera 
bank were used (collected during 2018–2019). For ELISA assay a total of 
118 human serum samples were analyzed. Blood samples positive for 
COVID-19 (n = 50) were collected from symptomatic patients, consid
ered positive according to the results of the quantitative RT-PCR. 

Presence of SARS-CoV-2 antibodies in these sera was confirmed by 
ELISA SARS-CoV-2 IgG and IgM (INEP, Belgrade, Serbia). Another 68 
sera samples were taken from healthy persons from the INEP sera bank. 

2.3. Expression of SARS -CoV-2 rfNP 

The recombinant plasmid was transformed into E. coli strain BL21 
(DE3), with 40 ng of plasmid being mixed with 50 μL of competent cells. 
Mixture was heat shocked for 30 s at 42 ◦C. After heat shock, super 
optimal medium was added and cells were left to recover for 1 h (37 ◦C). 
Cells were plated on a solid Lauria Bertani broth (LB) media containing 
ampicillin and left to grow overnight (16h). Positive bacterial colonies 
were selected and cultured in LB liquid medium, containing ampicillin, 
overnight at 37 ◦C and shaking (220 rpm). The overnight cultures were 
transferred in 250 mL of fresh liquid LB medium containing ampicillin to 
permit exponential growth. When the optical density (OD600) reached 
0.700, protein expression was induced by addition of 0.4 mM IPTG 
overnight at two different temperatures (25 ◦C and 37 ◦C). Culture was 
centrifuged (10 min at 3000 rpm). Cells were resuspended in the 15 mL 
of lysis buffer (20 mM Tris, 500 mM NaCl at pH 8) and lysed by soni
cation. Soluble fraction of lysate was separated by centrifugation (30 
min at 3000 rpm) and purified by IMAC (Ni- Sepharose). 

2.4. SDS-PAGE and western blot 

Soluble fraction of lysate was separated by sodium dodecyl sulfa
te–polyacrylamide gel (SDS-PAGE) on 14% gel in reducing conditions 
according to Laemmli protocol ((Cambridge), 1970). Separated proteins 
were transferred onto nitrocellulose membranes at 56 mA for 1 h. 
Membranes were incubated with 10 mL of Tween 20 Tris buffer saline 
(TTBS), pH 8, containing 1% bovine serum albumin (BSA) overnight at 
4 ◦C. The expressed proteins were incubated with monoclonal anti-His- 
tag antibodies diluted in TTBS containing 0.5% BSA (dilution 1:2000). 
Primary antibodies were labeled with AP. After the incubation mem
branes were washed 2 times with TTBS and then with Tris buffer saline 
(TBS), pH 8. The binding patterns were visualized with BCIP and NBT as 
substrates. 

2.5. Purification of SARS-CoV-2 rfNP by IMAC 

Soluble fraction of lysate (15 mL) was run through a 2 mL Ni- 
Sepharose column, equilibrated with lysis buffer, using step elution 
(Tris, 500 mM NaCl, pH 8 containing 5, 50, 100, 200, 250, 300 and 500 
mM imidazole). Fractions were analyzed on SDS – PAGE and 200 mM 
and 250 mM fractions were pooled and subjected to dialysis against 20 
mM acetate buffer pH 7.2. Fractions eluted with 200 mM imidazole were 
then loaded onto 0.5 mL SP-Sepharose column equilibrated with 20 mM 
acetate buffer pH 7.2. Elution was done by increasing ionic strength, in 
steps with 100 mM, 200 mM, 300 mM, 500 mM and 1 M NaCl in 
equilibration buffer. The fractions containing pure rfNP were eluted 
with 500 mM NaCl, collected and dialyzed against 20 mM phosphate 
buffer pH 7.2. Purified recombinant rfNP was stored, in 20 mM phos
phate buffer, containing 320 mM NaCl and 5% glycerol, was stored at 
− 20 ◦C. 

2.6. Determination of rfNP concentration 

The concentration of rfNp was determined spectrophotometrically at 
280 nm. The extinction coefficient for proteins under native conditions 
(ε) was calculated from the equation proposed by Pace et al.: ε(mL mg− 1 
cm− 1) = (5500 nW + 1490nY + 125 nC), where nW, nY and nC are the 
numbers of Trp, Tyr and Cys respectively per polypeptide chain and M is 
the molecular mass (Da). For rfNP, M = 40100 Da, nW = 4, nY = 11 and 
nC = 0. From which ε = 38390 mL mg− 1 cm− 1 (Pace et al., 1995). 
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2.7. CD spectra measurements and CD spectra analysis 

CD spectra were recorded on a JASCO J-815 spectropolarimeter 
(JASCO, Tokyo, Japan) under stable temperature of 25 ◦C, with N pro
tein concentration of 0.31 mg/mL. Before CD measurements sample was 
extensively dialyzed against 20 mM potassium phosphate buffer (pH 
7.2) during 24 h at 4 ◦C. The spectra were collected over the wavelength 
range 180–260 nm for far UV. Each spectrum was acquired three times, 
and the results were averaged. Results were expressed as residue 
average molar ellipticity as follows: [h] = h/(10 n C d), where h is 
measured ellipticity, n is number of N protein amino acid residues, C is 
molar concentration of N protein sample, d is path length of the cell. The 
secondary structure content was determined by the CONTIN program 
using the CDPro software package (http://lamar.colostate.edu/~sree 
ram/CDPro/main.html). For the calculations, reference protein set 
SP37 was selected. 

2.8. Mass spectrometry (MS) analysis of rfNP 

2.8.1. Preparative SDS – PAGE and in-gel digestion 
Preparative SDS-PAGE was carried out on 14% polyacrylamide gel 

under reducing conditions. A 20 μg of purified protein/cm of well was 
loaded. After SDS-PAGE gel staining, protein bands were excised, 
washed, reduced with dithiothreitol, and alkylated with iodoacetamide, 
followed by in gel trypsin-digestion, trypsin/sample ratio of 1:30 (w/w), 
as already described (Shevchenko et al., 2007). 

2.8.2. Identification of proteins by Ultra performance liquid 
chromatography-electron spray ionization coupled to tandem mass 
spectrometry 

Tryptic peptides from in-gel digestions, were chromatographically 
separated using an liquid chromatographic system of a quaternary 
Accela 600 pump, Accela auto sampler (Thermo Fisher Scientific Inc., 
Bremen, Germany) and analytical Hypersil GOLD column (50 × 2.1 mm, 
1.9 μm particle size). The mobile phases were (A) water (MS-grade) with 
0.1% formic acid and (B) acetonitrile (MS-grade) with 0.1% formic acid. 
The gradient program was as follows: 0–2 min 95% A, 2–18 min 95-50% 
A, 18–23 min 50-30% A, 23–26 min 30-5% A, 26–28 min 5% A, 28–28.1 
min 5–95% A, 28.1–30 min 95% A, with flow rate of 0.3 mL/min. In
jection volumes were between 10 and 30 μL (0.7–3 μg of protein). This 
UHPLC system was coupled with LTQ Orbitrap hybrid mass spectrom
eter (Thermo Fisher Scientific Inc., Bremen, Germany) equipped with 
heated electrospray ionization source. The identification of proteins was 
performed by PEAKS Suite X (Bioinformatics Solutions Inc., Canada). 
Signature spectra of fragmented parent ions, were searched using the 
PEAKS-DB and PEAKS-PTM algorithms against a hybridized database 
consisting of SARS-CoV-2 taxon 2697049, and Escherichia coli taxon 
562, UniProtKB sequences, downloaded on June 01, 2020 from http 
://www.uniprot.org/, and the Max Quant contaminant database 
downloaded on March 01, 2019 from http://www.coxdocs.org/doku.ph 
p?id). More details are provided in Supplementary Material. The mass 
spectrometry proteomics data have been deposited to the Proteo
meXchange Consortium via the PRIDE partner repository with the 
dataset identifier PXD023341 and 10.6019/PXD023341. 

2.9. Immunological characterization of rfNP 

2.9.1. Immunoblot 
Purified recombinant SARS-CoV-2 nucleocapsid protein was sepa

rated on 14% SDS-PAGE under reducing conditions. Proteins were 
transferred on nitrocellulose membrane (Thermo Scientific, MA, USA). 
Membrane was incubated in blocking buffer (1% BSA in10 mM PBS pH 
7.2, containing 150 mM NaCl and 0,05% Tween-20) for 1 h at room 
temperature. Membrane was cut and individual strips were incubated 
overnight on 4 ◦C with sera samples (diluted 1:50 in blocking buffer) 
from COVID-19 patients and healthy controls. For testing of nonspecific 

binding, membranes were incubated only in blocking buffer. Following 
washing in Tween phosphate buffer saline pH 7.2 (TPBS), membranes 
were incubated for 1 h at room temperature with sheep anti-human IgG/ 
HRP or anti-human IgM/HRP conjugate (INEP, Belgrade, Serbia), 
diluted 1:1000 in blocking buffer. After washing in PBST, signal was 
developed using EnVision Detection Systems Peroxidase/DAB (DAKO, 
CA, USA). 

2.9.2. ELISA assay 
Sera previously tested in the ELISA SARS-CoV-2 IgG and IgM, INEP, 

Serbia (10 positive and 10 negative), were used for optimization of the 
new ELISA based on rfNP. The plates were coated with rfNP in different 
concentration (0.5 μg/ml, 1 μg/ml, 2 μg/ml, 3 μg/ml) in 0.1 M carbonate 
buffer pH 9.5 (100 μl/well). The plates were incubated at +4 ◦C for 18 h 
and washed three times with phosphate-buffered saline pH 7.6 (PBS) 
containing 0.05% Tween 20 (TPBS). The antigen coated plates were 
incubated with blocking solution with BSA (0.1 mg BSA in PBST, 100 μl/ 
well) for 1 h at 37 ◦C. After washing, human sera diluted in blocking 
solution were added (1:50, 1:100, 1:200, 1:300, 1:400, 1:500; 100 μl/ 
well) and plates were incubated for 1 h at 37 ◦C. After washing, the HRP- 
conjugated sheep anti-human IgG and anti-human IgM (INEP, Belgrade, 
Serbia) were diluted in blocking solution and added to the wells (1:1000, 
1:2000, 1:5000, 1:8000; 100 μl/well) and then incubated for 1 h at 
37 ◦C. After washing 4 times with washing buffer (PBST), color was 
allowed to develop for 10 min with chromogenic solution (3,3′,5,5′- 
tetramethylbenzidine (TMB)/hydrogen peroxide) (INEP, Belrade, 
Serbia). After stopping the reaction with stop solution (1 M H2SO4, INEP, 
Belgrade, Serbia), optical densities were measured at 450 nm using an 
ELISA reader (Wallac Multilabel Counter 1420, PerkinElmer, Italy). 

3. Statistical analysis 

In total 118 sera samples (68 negative and 50 positive) were used for 
preliminary ELISA assay validation. Statistical analyses were carried out 
using MedCalc version 10.4.0.0 (MedCalc Software, Ostend, Belgium) 
(Zweig and Campbell, 1993). Sensitivity was defined as the proportion 
of correctly identified COVID-19 positive patients who were initially 
positive by RT-qPCR SARS-CoV-2 determination in respiratory samples. 
Specificity was defined as the proportion of naive participants who 
classified as positive as analyzed by ELISA SARS-CoV-2 nucleocapsid 
specific antibodies. 

4. Results 

4.1. Expression of rfNP 

SARS-CoV-2 N protein fragment, containing 6 x His residues, was 
expressed in E. coli (BL21) cells under various temperature conditions. 
SDS-PAGE of the total cell lysates (Fig. 1. A) shows that, after induction 
of expression, the band at about 40 kDa, corresponding to molecular 
mass of rfNP, is more intensive. This band is more intensive after in
duction at 37 ◦C than at 25 ◦C, implying more efficient expression, and 
expression was further done under that conditions. Western blot of cell 
lysate soluble fraction using anti-His antibodies (Fig. 1. B) demonstrated 
that 40 kDa band was specifically recognized by the antibodies, thus 
confirming expression of rfNP in soluble form. 

4.2. Purification of rfNP 

In the first purification step by IMAC, rfNP was eluted with 200 mM 
and 250 mM imidazole (Fig. 1. C). In order to obtain more purified frNP, 
additional purification by cation exchange chromatography was used. 
rfNP is highly basic protein with pI 9.98 and net charge of about 20 at pH 
7. Therefore, chromatography on strong cation exchanger at pH 7.2 was 
applied as the second purification step, allowing only binding of highly 
basic proteins. The IMAC fraction with higher purity (eluated with 200 
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nM imidazole) was prepared for the second purification step, by dialysis 
against 20 mM acetate buffer pH 7.2. With the second chromatography 
step highly purified rfNP was obtained (Fig. 1. D). 

4.3. Secondary structure determination 

To determine secondary structure of recombinant N-protein CD 
spectral analysis was performed (Fig. 2. A) and the content of α-helix, 
β-sheet, β-turn and random coil were calculated (Fig. 2. B). CD spectral 

analysis showed high percentage of disordered structure (34.2%) and 
β-sheet (40.7%), whereas the least represented was α-helix (6.3%). CD 
spectra demonstrated that rfNP have completely preserved secondary 
structure of full-length N protein, with characteristic signals at 203 nm, 
214 nm and 230 nm (Zeng et al., 2020). About 40% of N protein 
sequence have highly flexible almost disordered structure, reflecting in 
high percentage of random coil. Dominant β-sheet secondary structure 
originates from both NTD and CTD domains, while α-helix content 
originate from some short helices in CTD domain (Lo et al., 2013). 
Actually, all three intrinsically disordered regions (N-terminal arm, 
linker and C-terminal tail) are highly dynamic and contain regions of 
transient helicity that act as local binding interfaces for protein-protein 
or protein-RNA interactions (Cubuk et al., 2020). 

4.4. Mass spectrometry analysis 

Purified rfNP was subjected to preparative SDS-PAGE and after in-gel 
digestion of excised band at 40 kDa, tandem mass spectrometry analyses 
were done. Tandem mass spectrometry identification of proteins in in- 
gel digested band, confirmed identity of rfNP with high scores and 
peptide coverage above 80% (Fig. 3, Table S1). Besides rfNP, the pres
ence of 3 additional proteins from E. coli, was confidently detected 
within the same band (Table S1). From the value of areas under their ion 
extracted chromatographic curves (Table S1), it can be estimated than 
only up to 0,03% of the total band protein quantity belongs to host 
proteins, while rfNP share is well above 99,9%. The half of missing 
covered rfNP sequences were within the central linker domain (Fig. 3). 

4.5. Immunoreactivity of purified rfNP tested by immunoblot 

Interactions of purified rfNP with IgG and IgM antibodies from sera 
of COVID-19 convalescent patients and healthy individuals were tested 
(Fig. 4). For IgM antibodies, weak signal was obtained for majority 
tested samples, regardless of previous COVID-19 infection. On the other 
hand, samples from subjects with previous COVID-19 infection (samples 
4,5,6 and 8) showed strong IgG reactivity with rfNP band. Also, faint 
band was observed in some COVID-19 negative samples for IgG anti
bodies. For both anti-human IgM and anti-human IgG antibodies 
nonspecific binding to rfNP was not observed. 

4.6. Reactivity of rfNP in ELISA for SARS-CoV-2 antibodies detection 

For the optimization of the new ELISA based of rfNP, 10 SARS-CoV-2 
positive and 10 negative sera were used for the ELISA SARS-CoV-2 IgG 
and IgM testing. The biggest differences in OD values for negative and 
positive sera for both classes of antibodies were observed when using 

Fig. 1. Expression and purification of rfNP. (A) SDS-PAGE of total lysates of 
transfected E. coli BL21(DE3); lane 1 – MW markers, lane 2 – without induction, 
lane 3 after induction at 25 ◦C during 18 h, lane 4 - after induction at 37 ◦C 
during 18 h; (B) Western blot of E. coli expressed rfNP probed with anti-His 
antibodies; (C) frNP purification on Ni Sepharose 6 fast Flow; lane 1 – MW 
markers, lane 2 - soluble fraction of cell lysates; lane 3- flowthrough, lane 4 – 
unbound proteins; raction of unbound proteins; lanes 5–10 fractions eluated 
with imidayole: 50 mM (4),100 mM (5), 200 mM (6)), 250 mM (7), 300 mM (8) 
and 500 nm (9). (D) rfNP after second purification step by cation exchange 
chromatography on SP Sepharose; line 1 - MW markers, Line 2 - purified rfNP. 

Fig. 2. Structural characterization of rfNP. Far-UV CD spectra (A) and the secondary structure content (B) of purified rfNP.  
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rfNP as the coating protein at a final concentration of 3 μg/ml (ODmin 
0.08, ODmax 2.00). The optimal dilution of the test sera was 1:50. Using 
this optimal dilution of coating protein and sera, the optimal dilution of 
the HRP conjugated anti-human IgG was found to be 1:5000, and anti- 
human IgM was 1:8000. Under optimized conditions the average OD 
value for 10 negative sera samples ranged from 0.08 to 0.149 for IgG and 
0.150–0.310 for IgM specific antibodies determination. The cut-off was 
determined to be 0.190 for IgG (Fig. 5 A) for IgM antibodies (Fig. 5. B). 
Based on the above-mentioned criteria, 67 samples from the 68 negative 
control sera were negative, and 47 samples from the 50 positive control 
sera were positive (OD 0.19–1.70) in the SARS-CoV-2 IgG ELISA. In the 
case of the detection of rfNP specific IgM antibodies, 64 sera from the 
group of negative control sera (n = 68) were negative in assay, and 44 
sera from 50 SARS-CoV-2 positive samples were positive in SARS-CoV-2 
IgM ELISA assay (OD 0.350–2.00). Distribution of the OD values ob
tained from 68 SARS-CoV-2 negative and 50 SARS-CoV-2 positive 
human sera using IgG and IgM ELISA are presented in Fig. 5. A and 5. B, 
respectively. According to the ROC (receiver operating characteristic) 
curve analysis, the best cut-off values were 0.190 OD for IgG detection 
(Fig. 5C) and using these values, sensitivity was 96% and specificity was 

97%. In this test, the Area under the curve (AUC) was 0.983, which 
suggests that defined cut-offs are suitable for interpreting ELISA results 
and attainment of high precision in identifying the presence or absence 
of anti-SARS-CoV2 specific IgG antibodies in human sera (the maximum 
AUC is 1, which corresponds to a perfect classifier, whereas large AUC 
values indicate better classifier performance). 

The best cut-off values for IgM detection (Fig. 5. D) was 0.350, with 
sensitivity of 94% and specificity of 95.6%. AUC was 0.977 indicating to 
acceptable degree of accuracy in detection of SARS-CoV-2 specific IgM 
antibodies in assay based on rfNP. 

5. Discussion 

In this study recombinant SARS-COV-2 N protein fragment was 
expressed in E. coli, structurally characterized and its potential for 
development of ELISA assay, for detection of SARS-CoV-2 specific IgM 
and IgG antibodies, was examined. Designed rfNP was successfully 
expressed in E. coli in soluble form. After purification by IMAC, rfNP 
highly positive charge at neutral pH was used for its further purification 
by cation exchange chromatography on strong cation exchanger at pH 

Fig. 3. Sequence coverage of N protein, obtained after mass spectrometry analysis of purified frNP; The inset presents preparative SDS PAGE of purified rfNP with 
marked 40 kDa band excised for in-gel digestion and MS analysis. 
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7.2. This is the first study exploiting N protein high pI for obtaining of 
high purity of recombinant SARS-COV-2 N protein or its fragments. 
Actually, almost all studies using E. coli expressed HCoV-19 N protein 
applied size exclusion chromatography as the second purification step 

(Kang et al., 2020; Ye et al., 2020; Zeng et al., 2020). CD spectrometry 
have shown that purified rfNP have secondary structure in accordance to 
full length recombinant N protein and its purification from soluble 
fraction of lysate contributed to maintaining its secondary structure 
(Zeng et al., 2020). In contrast, in the study of Zhang et al. (2020) re
combinant N proteins (full-length, N-terminal and C-terminal frag
ments) expressed in E. coli were all insoluble precipitates, implying the 
loss of their native structure. Mass spectrometry analysis identified 
SARS-CoV-2 N protein in purified rfNP preparation with high sequence 
coverage (even 83%). In immunoblot purified rfNP have shown to be 
strong binder of IgG from sera COVID-19 convalescent patients, showing 
almost no binding to IgG from control healthy individuals. However, one 
control sera have shown low IgG binding due to the high conserved N 
protein sequences across the coronavirus species, which was also 
observed in the study of Jiang et al. (S. Jiang et al., 2020). It is well 
known that immunogenic proteins of closely related human coronavi
ruses can trigger cross-reactive antibodies in the host (Özçürümez et al., 
2020). However, rfNP binding of IgM was low in non-COVID-19 and 
COVID-19 convalescent sera and at similar level. The low binding of IgM 
from non-COVID-19 sera was because of the cross-reactivity with other 
corona viruses, while low binding of COVID-19 convalescent sera is 
consequence of low IgM levels in sera of patients of at the convalescent 
stage due to IgM to IgG class-switch (Sun et al., 2020). It is to be noted 
that rfNP expressed in our study encompassed major IgG epitopes of 
N-protein, while it is lacking N-terminal domain that it is not immuno
logically relevant, thus preventing random non-specific reactions with 
circulating antibodies (Tilocca et al., 2020). ELISA test was optimized 
for SARS-CoV-2 IgG and IgM testing based on produced rfNP. In opti
mized assay, ROC curve analysis demonstrated sensitivity of 96% and 
specificity of 97%, indicating that, using rfNP, the likelihood of 

Fig. 4. Representative immunoblot of rfNP with sera from COVID-19 patients 
(samples 4,5,8) and healthy individuals (samples 1,2,3,7); N – nonspecific 
binding of anti-human IgM and IgG antibodies. 

Fig. 5. Distribution of the OD values obtained from 68 SARS-CoV-2 negative and 50 SARS-CoV-2 positive human sera sample using rfNP based SARS-CoV-2 IgG (A) 
and IgM (B) indirect ELISA. The ROC curve built for 68 SARS-CoV-2 negative and 50 SARS-CoV-2 positive human sera analyzed by nucleocapsid based SARS-CoV-2 
IgG (C) and IgM (D)ELISA. 
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false-positives is low, in spite of N protein cross-reactivity with other 
corona viruses. In ELISA optimized for rfNP-based IgM detection, 
acceptable, but lower sensitivity (94%) and specificity (95.6%) were 
obtained. The lower IgM sensitivity was due to its lower level or less 
frequent IgM response to SARS CoV-2, in comparison to IgG, also in 
active (symptomatic) patients (Long et al., 2020). The low level and 
infrequent IgM response was found to SARS CoV-2 as well as to SARS 
CoV-1 N protein (Chu et al., 2020; Leung et al., 2004). The lower 
specificity of IgM is consequence of higher cross-reactivity of 
corona-serogroups members for IgM. In comparison to IgG response, 
IgM response to N protein of SARS coronaviruses was reported to be less 
discriminatory between the SARS and non-SARS cohorts, for both 
SARS-CoV-1 and SARS-CoV-2 (Chu et al., 2020)(Leung et al., 2004). 

6. Conclusion 

In summary, we successfully achieved the expression and purifica
tion of the recombinant SARS-CoV-2 N protein fragment in E. coli and 
showed its potential as a useful option for development of the assays for 
serodiagnosis of SARS-CoV-2 infection. These results describe the pro
duction of N- protein fragment as an antigen for serological ELISA test, 
offering a safe cost-effective tool for detection of patients positive to 
SARS-CoV-2which could provide sensitive method for early detection of 
SARS- CoV-2 infection. 
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SARS-CoV-2 severe acute respiratory syndrome coronavirus 2 
N nucleocapsid 
rfNP recombinant fragment of nucleocapsid protein 
aa amino acid 
COVID-19 coronavirus disease 2019 
RT-PCR real time-polymerase chain reaction 
HCoV-19 human coronavirus 
S spike 
E envelope 
M membrane 
ELISA enzyme-linked immunosorbent assay 
OD optical density 
CD circular dichroism 
BCIP 5-Bromo-4-chloro-3-indolyl phosphate 
NBT nitro blue tetrazolium 
IPTG isopropyl-D-thiogalactopyranoside 
MAC Immobilized Metal ion Affinity Chromatography 
AP alkaline phosphatase 
CBB Coomassie Brilliant Blue R-250 
LB Lauria Bertani 
TBS Tris buffer saline 
TTBS Tween 20 Tris buffered saline 
TPBS Tween phosphate buffer saline 
HRP horse radish peroxidase 
SDS PAGE, sodium dodecyl sulfate–polyacrylamide gel 

electrophoresis 
BSA bovine serum albumin 
MS mass spectrometry 
ROC receiver operating characteristic 
AUC area under the curve 
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