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Rubella virus (RV) is a positive-stranded RNA virus and the
only member of genus Rubivirus within the family Togaviridae
(16). The virion consists of three structural proteins, capsid
protein C and two envelope glycoproteins, E1 and E2, with
molecular masses of 33, 58, and 42 to 47 kDa, respectively (22,
35, 39, 42). Most of the neutralizing antibody binding epitopes
have been localized to the E1 glycoprotein (5, 7, 15, 37). The
structural proteins are proteolytically processed from a p110
polyprotein precursor, which is translated from a subgenomic
24S mRNA consisting of the 39 one-third (3,189 nucleotides)
of the genome (4, 6, 24). The order of translation is NH2-CE2-E1-COOH (20).
Normally, RV infections are not harmful, and the disease
German measles occurs only in humans. However, if RV infection is acquired during the first trimester of pregnancy, the
fetus has a high probability of developing serious malformations or becoming mentally retarded; this is known as congenital rubella syndrome (43). Today, authentic RV is generally
used as an antigen in screening for RV-specific antibodies (17,
32, 38, 40, 41). However, the production and purification steps
of authentic RV antigen in mammalian cell cultures are laborious, and the product is infectious. The entire genome of RV
has been cloned and sequenced, which has made it possible to
produce recombinant antigens in various biological systems as
well as synthetic peptides (1, 3, 9, 19, 23, 27, 29, 31, 34).
We have expressed the structural proteins of RV in lepidopteran insect cells by using baculovirus technology (18, 25,
33) and purified the E1 glycoprotein in order to study the
reactivity of the corresponding recombinant antigen with human antibodies of the immunoglobulin M (IgM) type.

The Therien strain of RV was grown in B-Vero cells, and the virus was purified
as previously described (22, 35).
Preparation of cytoplasmic extracts. Suspension cultures (2 3 106 cells per ml)
in spinner flasks (Bellco Glass, Inc., Vineland, N.J.) were infected with recombinant baculovirus VL1392-RV24S at a multiplicity of infection of 5 to 10 PFU
per cell. At 48 to 72 h postinfection, cells were collected by low-speed centrifugation (1,000 3 g for 5 min) and washed with ice-cold phosphate-buffered saline
(PBS; pH 7.4). The cell pellet was resuspended in TNE buffer (10 mM Tris-HCl,
0.15 M NaCl, 1 mM EDTA [pH 7.8]) containing 1% (vol/vol) Triton X-100 and
0.2 mM phenylmethylsulfonyl fluoride to a concentration of 107 cells per ml.
Samples were incubated on ice for 30 min, sonicated, and thereafter clarified by
centrifugation (5,000 3 g for 10 min). The supernatant fraction containing
soluble E1 protein was further processed as described below.
Purification of recombinant E1. The supernatant fraction was applied to an
immunoaffinity column with the monoclonal antibody, 4E10, coupled to a CNBractivated Sepharose 4B gel (Pharmacia, Uppsala, Sweden), as recently described
(12). The cytoplasmic extract containing recombinant RV-E1 protein was mixed
(end over end) with the affinity matrix at 48C overnight. The unbound protein
fraction was removed by washing the matrix four times with aliquots of 7 mM Naor K-phosphate buffer (pH 7.3). Recombinant RV-E1 was eluted with 0.01 M
Na2CO3 buffer (pH 11.0) containing 0.005% (wt/vol) 3-[(3-cholamidopropyl)dimethyl-ammonio]-1-propanesulfonate (Sigma Chemical Co.) and neutralized
before storage with 1 M Tris-HCl (pH 7.4).
SDS-PAGE and immunoblot analysis. Eluted protein samples were analyzed
by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) (11)
with MINI-PROTEAN II dual slab gels (Bio-Rad Laboratories, Richmond,
Calif.). After separation, protein samples were transferred to Zeta-Probe blotting membranes by using a MINI TRANS-BLOT electrophoretic transfer cell
(all from Bio-Rad Laboratories). The recombinant E1 protein was identified by
immunoblot analysis (36) with rabbit RV antiserum (22). RV-specific antibodies
were detected with horseradish peroxidase-conjugated goat anti-rabbit antibodies (Caltac Laboratories, San Francisco, Calif.). The fractions containing recombinant RV-E1 were pooled and used in a time-resolved fluoroimmunoassay
(TR-FIA), as described below.
Determination of protein contents. The protein level in each sample was
determined by the method of Bradford (2), with bovine serum albumin (BSA) as
the reference. The protein concentration of the final reagent was found to be 35
to 50 mg/ml. The purity of the E1 protein was analyzed by SDS-PAGE and
Coomassie brilliant blue staining (11).
Delayed fluorescence immunoassay. All diagnostic tests were performed by
TR-FIA with the DELFIA system (Wallac Oy, Turku, Finland). Microtiter plates
(Nunc, Roskilde, Denmark) were coated at 48C for 12 h with purified recombinant RV-E1 (2 mg/ml) or authentic RV antigen (2 mg/ml) in PBS. Plates were
then blocked with 1% (wt/vol) BSA in PBS for 1 h. Human sera diluted in PBS
containing 1% (wt/vol) BSA were added to wells at a dilution of 1/100, and the
levels of IgM antibodies were determined with europium (Eu31)-labelled mouse
anti-human IgM antibodies (Wallac Oy). The labelling of corresponding antibodies, murine monoclonal antibodies directed against human IgM (anti-human
IgM clone 7408; Medix Biochemica Oy, Kauniainen, Finland), was carried out as
previously described (8, 30). Fluorescence was monitored with a DELFIA research fluorometer (Wallac Oy) (13, 14).
Human serum samples. A total of 64 human serum samples were used. Of
these, 20 (Department of Virology, University of Helsinki) were from clinical
rubella patients with positive IgM enzyme immunoassay tests, in which purified
RV had been used as the antigen. Corresponding samples were not tested for the
rheumatoid factor (RF). The other 44 serum samples (Department of Virology,

MATERIALS AND METHODS
Cells and virus. Spodoptera frugiperda (Sf9) cells were propagated as monolayer or suspension cultures in TNM-FH medium (Sigma Chemical Co., St.
Louis, Mo.) supplemented with 10% fetal calf serum (Gibco BRL, Grand Island,
N.Y.) containing 100 U of penicillin per ml, 40 mg of streptomycin per ml, and
2.5 mg of amphotericin B (Fungizone; Gibco BRL) at 278C. Recombinant baculovirus VL1392-RV24S (21), containing the entire coding region of the structural proteins of RV, was amplified by standard procedures (33), gaining a stock
virus with a titer of 108 PFU/ml.
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The structural proteins of rubella virus (RV) were expressed in insect cells by using the baculovirus
expression vector system. The recombinant E1 envelope glycoprotein was purified by immunoaffinity chromatography and used to detect RV-specific immunoglobulin M antibodies in a time-resolved fluoroimmunoassay.
Correlation analysis between the reactivities of antibodies against this recombinant E1 and the reactivities
against authentic RV antigen shows that purified E1 can detect RV antibodies of the immunoglobulin M type.
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University of Turku) were tested for RF by using a human gamma globulin
containing latex reagent for the detection of rheumatoid arthritis (RapiTex RF;
Behringwerke AG, Marburg, Germany). Corresponding samples were found to
be RF negative. All of these serum samples had not been confirmed to be IgM
positive.

RESULTS
Preparation and purification of the recombinant antigen.
Sf9 insect cells infected with recombinant baculovirus VL1392RV24S were collected at 48 h postinfection. Cytoplasmic extracts were prepared, and the recombinant E1 antigen was
immobilized by using murine anti-E1 monoclonal antibodies
coupled to a Sepharose matrix, as described above. The corresponding protein was eluted at a high pH, and the protein
content of each fraction was analyzed by SDS-PAGE, followed
by immunoblot analysis. The protein contents of four consecutive fractions were analyzed with rabbit polyclonal antibodies
directed against whole RV antigen (Fig. 1, lanes 1 through 4).
As shown, the major portion of the E1 protein was found in the
first fraction, indicating efficient elution of this protein. The
protein content of these pooled E1-containing fractions was
analyzed by SDS-PAGE and Coomassie brilliant blue staining,
showing the purity of the antigen (Fig. 1, lane 5). This final
preparation was found to contain between 35 and 50 mg of
purified protein per ml.
Correlation analysis. Purified recombinant antigen and
whole authentic RV antigen were used for coating microtiter
plates, as described above. After incubation with human serum
samples, IgM-specific antibodies were detected with murine
anti-human IgM monoclonal antibodies labelled with Eu31.
The binding of corresponding antibodies was monitored by
TR-FIA. A total of 64 human serum samples were used, and
the TR-FIA results obtained from both assays were compared.
We were able to show a positive correlation (r 5 0.843) between the binding of RV IgM antibodies to recombinant
RV-E1 and the binding to authentic RV antigen in the TRFIA (Fig. 2). The mean fluorescence values were slightly higher
(9.5%) in assays in which authentic RV antigen was used.
DISCUSSION
It has previously been shown that the baculovirus expression
vector system is capable of producing significant amounts of
RV-specific proteins (21, 23, 29) and that recombinant proteins have potential in screening for RV-specific antibodies
(12, 28). In addition, procaryotic and other eucaryotic systems,
as well as synthetic peptide technology, have been used to

FIG. 2. Correlation analysis of human RV IgM antibodies bound to immunoaffinity-purified recombinant E1 or partially purified authentic RV antigen. A
total of 64 serum samples from patients with recent or past rubella infections
were analyzed. The binding of IgM antibodies to the corresponding antigen was
detected by TR-FIA. The correlation coefficient was calculated to be 0.843.

produce RV-specific antigens in hopes of replacing the expensive and infectious authentic RV antigen (1, 9, 19, 31, 34).
Recently, nonreplicative RV-like particles have been produced
in mammalian cell systems by introducing 24S cDNA sequences of RV encoding the components needed for virus
assembly into CHO and BHK cells (10, 26). The corresponding
antigen, which closely resembles that of the authentic RV particle, could be useful in screening for RV-specific antibodies.
In this study, we used the strong polyhedrin gene promoter
of Autographa californica nuclear polyhedrosis virus to control
expression of the 24S cDNA of RV in S. frugiperda insect cells
(33). During infection with this recombinant baculovirus, lepidopteran cell cultures were found to synthesize structural RVspecific protein products that very much resembled those of
the authentic RV particle (21). The availability of monoclonal
antibodies directed against the E1 protein (12) made it possible to purify the corresponding protein from lysates of recombinant-baculovirus-infected insect cells. By utilizing this approach, we were able to prepare highly purified antigen at
concentrations of about 50 mg/ml. We have shown that this
baculovirus-expressed recombinant E1 protein is capable of
detecting RV antibodies of the IgM type by using 64 human
serum samples from two different sources. Since TR-FIA has
previously been shown to be highly sensitive (8, 30), it was
selected as the detection method for our assays. Interestingly,
we were able to see a clear correlation between the reactivity
of the recombinant E1 antigen and that of authentic RV antigen. In many cases, however, the reactivity was somewhat
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FIG. 1. SDS-PAGE and immunoblot analysis of purified recombinant RV E1
protein expressed in VL1392-RV24S-infected S. frugiperda insect cells. Western
blot (immunoblot) analysis of samples from four consecutive fractions of this
protein eluted at pH 11.0 (lanes 1 through 4). Proteins were identified with rabbit
RV antibodies. Coomassie brilliant blue staining of the pooled E1-containing
fractions used in TR-FIA (lane 5). Lane MW, molecular mass markers.
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stronger with authentic RV antigen. Although most of the
neutralizing binding epitopes have been localized to the E1
protein, this may partially be explained by the fact that many
patients with recent rubella infections also develop antibodies
against the two other viral components, i.e., the capsid and E2
proteins.
In conclusion, the baculovirus expression vector system
clearly seems to have potential for the production of a recombinant RV-specific antigen that is capable of detecting human
antibodies of the IgM type. The possibility of upscaling (43)
also makes it an attractive alternative for large-scale production of foreign proteins of this type. The results presented here
should provide a framework for further development of this
assay with the recombinant E1 antigen either alone, as described here, or in combination with recombinant E2 and capsid proteins.
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