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Abstract Human metapneumovirus (hMPV) is associ-

ated with respiratory infections in both adults and children.

Recombinant nucleocapsid (N) proteins of hMPV from two

major groups of hMPV in Beijing with a 69 His-tag at the

C terminus were constructed in a baculovirus and expres-

sed in transfected Sf21 insect cells. The antigenicity and

specificity of the expressed recombinant proteins were

examined by immunofluorescence assay and western

blotting. Preliminary use of the expressed proteins for

antibody detection in 187 serum specimens collected from

different age groups in Beijing, China, indicated that the

purified recombinant N-His proteins were of good antige-

nicity and specificity and could be a potential antigen for

further seroprevalence study of hMPV, especially in the

Chinese population. The positive rate for antibody detec-

tion suggested that hMPV from two clusters was co-

circulating in Beijing and that most of the people in Beijing

have been exposed to the virus by age 60.

Introduction

Human metapneumovirus (hMPV) was first isolated in the

Netherlands in 2001 [1] and has been classified as a

member of the subfamily Pneumovirinae of the family

Paramyxoviridae. It is a nonsegmented, negative-stranded

RNA virus associated with respiratory tract diseases in both

children and adults [2]. Very young or premature infants,

patients with underlying cardiac or pulmonary disease, and

immunocompromised patients are at risk for severe disease

due to hMPV infection [3–5]. It was found that the virus

has been circulating for at least 50 years [2], and there are

two genetic clusters of hMPV that co-circulate worldwide,

as shown by genetic analysis [6, 7].

It was found that hMPV with both clusters were asso-

ciated with acute respiratory infections in children in

Beijing, China [8]; however, the prevalence of this virus in

Beijing, which could be reflected by serum antibodies

against the virus, was not clear. Although hMPV has been

isolated by cell culture, the virus cannot, or only poorly, be

propagated in most cell lines used for isolation of respi-

ratory viruses, such as Vero, MDCK and A-549 cells, and

needs two weeks at least to display cytopathic effects in

tertiary monkey kidney (tMK) or LLC-MK2 cells [1, 9].

Therefore, immunoassays for antibody detection based on

virus-infected cells are ineffective. Reverse transcription

polymerase chain reaction (RT-PCR) to detect viral RNA

in clinical samples [10] and western blot assay or enzyme-

linked immunosorbent assay (ELISA) using one or several

viral proteins [11–13] have been developed to detect

hMPV infections. However, there are some shortcomings

to these methods, such as false positive or negative results

in RT-PCR, defective post-translational modification in

some expression systems, and difficulty in assessing the

quality and quantity of expressed proteins in cell lysates

because of differences in cell growth conditions at different

times. The nucleocapsid protein (N protein) of hMPV is a

major immunogen of the virus [14] and is highly con-

served, with amino acid identities of 98.3–100% and 94.2–

95.9% within and between genetic clusters, respectively

[6, 15]. Moreover, it has been shown that the N protein is

able to stimulate a substantial immune response in infected
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animals [16]. In this study, N-protein-encoding genes of

hMPV that were amplified from clinical samples collected

from children in Beijing and fused with a 69 his-tag were

cloned in baculovirus and expressed in Sf21 cells. These

could be easily separated by affinity chromatography to

produce purified N protein to be used as antigen for

immunoassays to identify serum antibody against hMPV in

the Beijing population.

Materials and methods

Cloning, expression, and purification of the N protein

of hMPV

Full-length cDNAs of the genes encoding the N proteins of

hMPV BJ1816 and BJ1887 (GenBank accession no.

DQ843658 and DQ843659), which represented two dif-

ferent gene clusters of hMPV circulating in Beijing, were

cloned in TA vectors [15] and amplified by PCR with

the following primers, which were designed based on

the sequences of the N proteins from hMPV BJ1816

and BJ1887: 50-CCGCTCGAGATGTCTCTTCAAGGG-30

(forward), 50-ATGGTGATGGTGATGCTCATAATCATC

TTGAT-30 (reverse) and 50-GGGGTACCTAGTGATGG

TGATGGTGATG-30 (his-tag primer). They were then

each inserted into the pFastBac1 vector. The restriction

sites in the primers used for cloning purposes are under-

lined, and a 69 his-tag was added in the C terminus of N

gene. Figure 1 shows the strategy for amplification and

cloning of the hMPV N gene in the pFastBac1 vector. At

first, we tried to add a 69 his-tag onto the N terminus of the

N gene.

The recombinant NBJ1816-His and NBJ1887-His baculo-

viruses were generated using transposon-mediated inser-

tion of the corresponding genetic construct under the

polyhedron promoter of Autographa californica nuclear

polyhedrosis virus [17], and these constructs were intro-

duced into competent Escherichia coli DH10BAC cells.

Then, Spodopera frugiperda (Sf) 21 cells were transfected

with the recombinant NBJ1816-His baculovirus and NBJ1887-

His baculovirus, following the manufacturer’s instructions

(BAC-TO-BAC baculovirus expression system, Life

Technologies, USA). Mock-infected Sf21 cells and Sf21

cells infected with recombinant baculovirus obtained

from pFastbac1 without any gene insertion were used as

controls.

Expression of the N protein was detected by western

blot using transfected Sf21 cells collected at 24, 48 and

72 h post-transfection. After the best time for expression of

the recombinant protein was determined, supernatant from

the infected cells was collected at 72 h post-transfection for

further analysis.

The NBJ1816-His and NBJ1887-His proteins were purified

using nickel–nitrilotriacetic acid (Ni–NTA) agarose (Qia-

gen, Valencia, CA) as recommended by the manufacturer

(Handbook for High-Level Expression and Purification of

6xHis-Tagged Proteins, Qiagen, Valencia, CA). Briefly,

the density of Sf21 cells was about 1.5 9 106/ml in shaker

flasks, and the multiplicity of infection (MOI) was about

2–3. The Sf21 cells were incubated with shaking for 72 h at

27�C and harvested by centrifugation at 5009g for 5 min

at 4�C. The pellet was resuspended in lysis buffer [50 mM

NaH2PO4, 300 mM NaCl, 10 mM imidazole (pH adjusted

to 8.0 by with NaOH), 1 mM phenylmethylsulfonyl fluo-

ride, 1% Triton X-100]. After incubation for 30 min on ice

and ultrasonic treatment at 90 Hz for 5 min, the prepara-

tion was clarified by centrifugation at 11,300 g for 15 min.

The supernatant was loaded onto a Ni–NTA column that

had been equilibrated with lysis buffer. The column was

washed successively with ten column volumes of wash

buffer [50 mM NaH2PO4, 300 mM NaCl, 20 mM imida-

zole (pH adjusted to 8.0 with NaOH), 1 mM phenylmeth-

ylsulfonyl fluoride]. Protein was eluted from the column

with elution buffer [50 mM NaH2PO4, 300 mM NaCl,

200 mM imidazole (pH adjusted to 8.0 with NaOH)]. The

samples were collected in 0.5-ml fractions. The concen-

tration of the protein after purification was determined by

the Bradford method using bovine serum albumin (Sigma,

USA) as the standard.

Identification of the expressed hMPV N protein

Sf 21 cells infected with recombinant NBJ1816-His or

NBJ1887-His baculovirus were centrifuged at 72 h post-

transfection, followed by washing with phosphate-buffered

Fig. 1 Strategy for amplifying and cloning the hMPV N gene. The

constructed BJ1816/1887 N TA vector was used as a template for

recombinant DNA synthesis by PCR amplification using high-fidelity

Taq DNA polymerase (TaKaRa Biotechnology (Dalian) Co., Ltd)
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saline (PBS) before being smeared onto slides (hMPV

slide) and used for detecting the expression of hMPV N

protein by immunofluorescent assay. Mock-infected Sf21

cells and Sf21 cells infected with recombinant baculovirus

from pFastbac1 without any gene insertion were smeared

onto slides and used as controls. Mouse anti-hMPV N

monoclonal antibody (Chemicon International, Temecula,

CA) at a dilution of 1:200 was incubated with the cell

smears for 30 min at 37�C. After washing with PBS, they

were incubated for 30 min at 37�C with fluorescein-

isothiocyanate-conjugated goat anti-mouse IgG (Chemicon

International, Temecula, CA) with 0.02% Evans blue. They

were then washed twice for 5 min in PBS, air dried, and

mounted with mounting medium. The hMPV slide

containing control and recombinant NBJ1816-His or

NBJ1887-His baculovirus-infected Sf21 cells and a slide

with RSV- and parainfluenza virus 2 and 3-infected cells

(Diagnostic Hybrids, Athens, OH, USA) were used for

testing cross-reaction among hMPV, RSV and parainflu-

enza virus, which are all members of the family Para-

myxoviridae, using fluorescein-isothiocyanate-conjugated

goat polyclonal antibodies against RSV and parainfluenza

virus 2/3 (Meridian Life Science, USA). Then, the slides

were examined using fluorescent microscopy (Nikon E600,

Japan).

Lysates from control and recombinant NBJ1816-His or

NBJ1887-His baculovirus-infected cells were fractionated by

12% SDS polyacrylamide gel electrophoresis (PAGE) and

visualized by Coomassie blue staining [18]. Rabbit anti-

hMPV N hyperimmune serum (1:2,000 dilution, kindly

provided by Professor Yan Li, Canada) and mouse anti-His

monoclonal antibody (1:2,000 dilution, Tiangen Biotech

Co, Ltd, Beijing, China) were used as the primary anti-

bodies in western blot analysis after the proteins were

electrotransferred onto the nitrocellulose membrane. Cor-

responding species-specific anti-immunoglobulin conju-

gated to horseradish peroxidase (HRP, 1:2,500 dilution,

Life Technologies Corporation, Beijing, China) were used

as the secondary antibodies.

Serum specimens

In total, 188 serum specimens were used in this study,

including one serum specimen from a hospitalized child

with pneumonia, which was used in a preliminary experi-

ment. In February 2009, this child was diagnosed as having

an hMPV infection by RT-PCR using nasopharyngial

aspirates and by IFA in LLC-MK2 cells to test for hMPV-

specific IgM. The other 187 serum specimens used in this

study included 139 serum specimens collected from adults

aged from 18 years to over 60 years who were undergoing

regular health checkups at a clinic in Beijing in August

2005, and 48 serum specimens were collected from infants

and children who visited the outpatient department at

the Children’s Hospital Affiliated to Capital Institute of

Pediatrics in Beijing in 2005 due to various illnesses. All of

the serum samples were stored at -20�C before use.

Western blotting for detection of antibody against

the N protein of hMPV in human sera from Beijing

The purified N protein was separated by SDS-PAGE using

a 12% polyacrylamide gel and electrotransferred onto a

nitrocellulose membrane. After the membrane was sliced

into strips and blocked with 5% non-fat milk in PBS, sera

at a dilution of 1:200 were allowed to bind to the strips,

which were incubated with horseradish-peroxidase-

conjugated goat anti-human IgG at dilution of 1:2,000

(Jackson ImmunoReserch Laboratories, Inc., USA), and

hMPV-specific IgG from human sera binding to the N

protein was detected using 3,30-diaminobenzidine (DAB,

AMRESCO Inc., USA).

ELISA for detecting antibody against the N protein

of hMPV in human sera

All washing steps were carried out three times with PBST

(0.05% Tween 20 in PBS). All antigens and antibodies

were diluted in PBS containing 1% non-fat milk. Flat-

bottom polystyrene microtiter plates (Corning Costar,

USA) were used as solid-phase adsorbents. The purified

recombinant N protein in PBS (0.5 lg in 100 ll/well) was

added to the wells. After incubating for 18 h at 4�C, the

plates were washed and then blocked with 200 ll of 5%

non-fat milk in PBST for 2 h at 37�C. Subsequently, the

plates were washed and incubated for 2 h at 37�C with

human sera (diluted 1:200). After washing, the appropriate

dilution (1:16,000) of horseradish peroxidase (HRP)-con-

jugated goat anti-human IgG (Jackson ImmunoResearch

Laboratories, Inc., USA) was added and the plates were

incubated further for 1 h at 37�C. After further washing, an

enzyme substrate solution containing 0.4 mg/ml OPD

(Sigma, USA) in 0.1 M citrate buffer (pH 5.0–5.5) was

added. The reaction was stopped after incubation for

15 min at room temperature, and the A490 values were

measured with a microtiter plate reader (Molecular Devices

Corp., USA). Forty-five out of these 188 serum samples

that were negative in western blot (both for 1816N and

1887N as antigen) were selected as negative samples. The

average OD 490 nm value for the samples was 0.219, and

the cutoff value was set at 0.46 (OD negative 9 2.1).

Statistical analysis

The data were analyzed by chi-square test (v2 test) and

consistency checking (Kappa value test). P \ 0.05 is the
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level for significant difference. A kappa value [0.75 rep-

resents very good consistency, [0.4 represents acceptable

consistency.

Results

Expression and purification of the recombinant

his-tagged N protein

Sf21 cells transfected with recombinant baculovirus gen-

erated at first with a 69 his-tag added at N terminus of the

N gene for both hMPV BJ1816 and BJ1887 did not suc-

cessfully express the proteins (data not shown). Therefore,

the 69 his-tag was added to the C terminus of the N genes,

and expressed proteins from both recombinant baculovi-

ruses were obtained. The expressed N proteins in Sf21 cells

could be identified by strong apple-green fluorescent sig-

nals in infected cells using mouse anti-hMPV N protein

monoclonal antibody (Fig. 2), whereas there was no apple-

green fluorescence observed in cells stained with anti-RSV

or polyclonal antibodies against parainfluenza virus 2/3 N

protein (Fig. 3), although the signals could be seen in cells

infected with the corresponding viruses (data not shown),

indicating that there was no cross-reaction among N pro-

teins from hMPV, RSV and parainfluenza virus 2/3. The

expressed N proteins (N-His, 44 kDa) were also detected

by SDS-PAGE (Fig. 4) and western blotting (Fig. 5). As

shown in Fig. 4, N proteins of the expected molecular

weight (44 kDa) from both clusters BJ1816 and BJ1887

migrated at the same position but were absent in the lysate

from mock-infected Sf21 cells and cells infected with

recombinant baculovirus obtained from pFastbac1 without

any gene insert.

It was found that the highest expression level could be

achieved at 3 days post-transfection for the first passage.

Approximately, 1–2 mg of recombinant protein was

obtained from 108 infected Sf21 cells (data not shown).

The dialyzed N protein was purified through a Ni–NTA

resin column after 20% ammonium sulfate precipitation

[19]. Analysis of the eluted fractions by SDS-PAGE and

western blot showed that the N-His protein bound effi-

ciently to the column and that the corresponding fractions

contained highly purified protein (Figs. 4, 5).

Detection of antibody against recombinant N protein

in human sera

In a preliminary experiment, a 44-kDa band was detected

with the serum sample from the child with confirmed

hMPV infection by western blot (Fig. 6a). The 44-kDa

band on the strip transferred with NBJ1887-His protein was

stronger than that with NBJ1816-His protein, suggesting that

this child was infected by a BJ1887-like hMPV (cluster 1).

Then, a total of 187 human serum specimens were tested

for IgG against hMPV by western blot assay (Fig. 6b

shows representative samples of these 187; Table 1) and

ELISA (Fig. 7), using purified N-His protein as antigen.

The positive rate for antibody was 76% (142/187) by

western blot assay and 65% (121/187) by ELISA. It was

found that serum specimens with stronger 44-kDa bands in

the western blot had higher OD values (OD490nm [1.0) in

ELISA, whereas those without bands in the western blot

had a much lower OD value (OD490nm \0.2), indicating

Fig. 2 Immunofluorescent assay for identifying recombinant hMPV

N protein a Sf21 cells infected with recombinant baculovirus obtained

from pFastbac1 without any gene insert and incubated with mouse

anti-hMPV N protein monoclonal antibody as negative control.

b Sf21 cells infected with recombinant NBJ1816-His baculovirus at

72 h post-infection and incubated with mouse anti-hMPV N protein

monoclonal antibody. Cells expressing hMPV N protein (in b) show

apple-green fluorescence, and cells that do not express hMPV N

protein appear red in immunofluorescent microscopy (color figure

online)
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that, when using this recombinant N protein as antigen, the

detection of antibody was consistent by these two methods

(Fig. 7).

Statistical analysis

The data (Table 1) were analyzed by chi-square test (v2

test) and consistency checking (Kappa value test). The

seropositive rate for each age group by western blot was

41.7% (20/48, \18 years), 84.8% (28/33, 18–30 years),

87.8% (65/74, 31–60 years) and 90.6% (29/32,[60 years).

The seropositive rate for the \18 year age group was

clearly lower than for the other groups (v2 = 41.5,

P \ 0.05). There was no significant difference in the

seropositive rate between females and males (v2 = 0.901,

P [ 0.05). Although some of the serum samples showed

different results, as shown in Table 1 and Fig. 6b, which

implied that the immune response to N proteins from these

two gene clusters could be different for some individuals,

the kappa value was 0.877 ([0.75) when the concordance

of results obtained by western blot using NBJ1816-His

protein and NBJ1887-His protein were compared, revealing

that the antigenicity for the N proteins from these two

clusters was similar, and therefore, either the NBJ1816-His

protein or NBJ1887-His protein was sufficient to detect an

immune response elicited by hMPV infection. The kappa

value was 0.62 ([0.4) when the results from western blot

and ELISA using NBJ1816-His protein only were compared.

The result from ELISA was well associated with that

obtained by western blot, suggesting a potential alternative

antigen for hMPV antibody detection by ELISA.

Discussion

In general, the most conserved gene or gene coding protein

is used as a diagnostic target because it can detect a wide

variety of related strains [20]. The N protein of hMPV is a

major antigen whose amino acid sequence is highly con-

served within and between genetic clusters of viruses. It

has been shown that there is no cross-reaction between N

proteins from hMPV and RSV, although these two viruses

can cause similar respiratory illness and co-circulate in the

community [14]. Data from this study also support this

point of view and exclude cross-reaction among N proteins

from hMPV, RSV and parainfluenza virus 2/3 in the family

Paramyxoviridae. Several studies had shown the usefulness

of recombinant N protein for serological diagnosis of

hMPV [11–14]; however, all of them used lysate contain-

ing N protein, which is not good enough for future appli-

cation such as basic research and development of

Fig. 3 Immunofluorescent assay for testing cross-reaction among N

proteins from hMPV, RSV and parainfluenza virus. Sf21 cells

infected with recombinant NBJ1816-His baculovirus were incubated

with: a anti-hMPV N protein monoclonal antibody; b anti-RSV N

protein polyclonal antibody; c anti-parainfluenza virus 2/3 N protein

polyclonal antibody and showed apple-green fluorescence in a, but

not in b and c, indicating that there was no cross-reaction among N

proteins of hMPV, RSV and parainfluenza virus (color figure online)

Fig. 4 SDS-PAGE analysis of the expression of hMPV N protein

Lane M, molecular mass markers (Unstained Protein Molecular

Weight Marker, Fermentas, Canada). Lane 1 Sf21 cells infected with

recombinant NBJ1816-His baculovirus. Lane 2 NBJ1816-His protein

purified on an Ni column. Lane 3 Sf21 cells infected with

recombinant NBJ1887-His baculovirus. Lane 4 NBJ1887-His protein

purified on an Ni column. Lane 5 Sf21 cells infected with

recombinant pfastbac1 baculovirus. Lane 6 mock-infected Sf21 cells

(N protein indicated by an arrow). The gel was stained with

Coomassie blue
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diagnostic kits or vaccines, because it is difficult to guar-

antee the stability of the protein. In order to improve the

expressed protein, a 69 his-tag was added to the C ter-

minus of the gene in a recombinant baculovirus clone.

When fused to the C terminus of the hMPV N protein, the

69 his-tag did not affect the expression and yield of the N

protein; however, when it was inserted at the N terminus at

the very beginning of the study, this protein was not

expressed in Sf 21 cells infected with the recombinant

baculovirus, as indicated by a lack of signal in a western

blot using rabbit anti-hMPV N polyclonal antibody and

mouse anti-His monoclonal antibody. This might be

because the 69 his-tag at the N terminus changed the

structure of the N gene so as to block expression of the

protein or because the protein was degraded after

expression. In this study, immunofluorescent assay, wes-

tern blot and ELISA all suggested that the recombinant

N-His protein exhibited the epitopes and had the confor-

mation necessary for specific antigen–antibody recogni-

tion. In addition, the 69 his-tag insertion at the C terminus

made it easier to obtain the purified N protein. This

diminishes the difference in results due to using N protein

obtained from E. coli or cell lysates containing N protein.

Based on this study, it should now be possible to develop

an immunoassay for detecting antibodies against hMPV

and to use N-His protein for further analysis of the struc-

ture and function of the N protein of this virus [19].

To evaluate the antigenicity and practical value of this

purified N-His protein, 188 human sera collected from

different age groups in Beijing, China, were used for

Fig. 5 Western blot analysis of recombinant hMPV N proteins. Use

of anti-hMPV N polyclonal antibody (a) and anti-his-tag monoclonal

antibody (b) to identify expressed recombinant hMPV N proteins.

Lane M molecular mass markers (Prestained Protein Marker, NEB,

USA). Lane 1 NBJ1816-His protein purified on an Ni column. Lane 2
NBJ1887-His protein purified on an Ni column. Lane 3 Sf21 cells

infected with recombinant pfastbac1 baculovirus. Lane 4 mock-

infected Sf21 cells. Lane 5 lysate from Sf21 cells infected with

recombinant NBJ1816-His baculovirus without purification. Lane 6
lysate from Sf21 cells infected with recombinant NBJ1887-His

baculovirus without purification

Fig. 6 Western blot analysis of antibody against hMPV in human

serum samples using purified NBJ1816-His protein as antigen. a The

hMPV-positive serum sample from the child diagnosed with an

hMPV infection. Lane M molecular mass markers (Prestained Protein

Marker, Fermentas, USA). Lane 1 Sf21 cells infected with

recombinant NBJ1887-His baculovirus. Lane 2 Sf21 cells infected

with recombinant pfastbac1 baculovirus. Lane 3 mock-infected Sf21

cells. b Representative serum samples from 187 serum samples

incubated with purified NBJ1816-His protein (top) and NBJ1887-His

protein (bottom)
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testing antibody against hMPV. By western blot analysis, a

high seroprevalence of hMPV antibody could be detected,

and the seropositive rate in patients younger than 18 years

was clearly lower than that of those older than 18 years.

The rate of hMPV exposure in Beijing, China, is similar to

that reported by scientists in other countries, including the

Netherlands [1], Japan [21] and Canada [13]. In this study,

the purified NBJ1887-His protein was also used as an antigen

in ELISA, and the results from western blot and ELISA

were consistent, suggesting the potential use of this

recombinant protein in the development of an ELISA,

which is more convenient for routine laboratory diagnosis

and large-scale epidemiological studies.

Although the formation of herringbone- and ring-like

subnucleocapsid structures has also been reported for

proteins of other paramyxoviruses [19, 22–24], we did not

find nucleocapsid-like particles similar in morphology to

those described in earlier studies using purified N-His

protein—only some aggregation was observed by electron

microscopy (data no shown). Efforts to make N proteins

that self-assemble and form hMPV virus-like particles are

under way.
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with the increase in OD values and showed one cutoff value (about

0.4)
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