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Abstract

In the last decade we investigated the presence and spread of bee viruses in Italian hives. Samples of honeybees at different stages of development and Varroa destructor mites were examined by negative staining electron microscopy methods. A number of viruses were visualised and variable levels of infection, including latency, combined or not with disease symptoms, mortality of adult bees and severe mite infestation. AGID test permitted the identification of the following viruses chronic paralysis virus, black queen-cell virus, cloudy wing particle, acute paralysis virus (APV), deformed wing virus (DWV). In particular, DWV and APV were often detected in high titres in association with severe signs: depopulation, adult bees with paralysis and/or deformed wings, mortality. 
Thereafter, a program for the development of specific reagents and methods was implemented. A virus was purified from extracts of large numbers of adult bees taken from non-treated severely mite infested colonies. The virus was biochemically characterised by PAGE as DWV (3 main proteins of respectively 44,3 - 32,2 - 28,8 Kd). The purified virus was used for the production of a polyclonal rabbit antiserum and monoclonal antibodies (Mabs). The polyclonal serum was characterized in ELISA using the DWV adsorbed to the solid phase and in western blots (WB). Three of the Mabs strongly and specifically reacted in a sandwich ELISA against DWV, whilst they gave a faint reaction in WB against the 44,3 Kd protein, which suggests that their epitopes are conformational. The identification of the virus as DWV and the reagents’ specificity were tested in WB against three reference strains, DWV, APV and sacbrood virus (SBV) and the use an APV antiserum. Preliminary results suggest that the Italian DWV strain may be antigenically different from the reference (UK) strain. A sandwich ELISA for DWV detection was established and it is now under validation in comparison with electron microscopy.
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Introduction

In honeybee colonies highly parasatised by Varroa destructor the final depopulation and their decease could be caused by secondary pathogens In particularly it could be the result of the massive replication of specific viruses affecting honey bees among which the most common are Acute Paralysis Virus (APV) and Deformed Wing Virus (DWV). These viruses are widespread and they normally give latency i.e. they can be detected in seemingly healthy bees. The varroa mite can act as a vector of the virus, transmitting it from infected to healthy adult bees and to larvae (Ball, 1988; Wiegers, 1988; Ball, 1989; Bowen-Walker et al., 1999) and it seems to be able to induce the activation of viruses that in this way can pass from the status of latency to that of active replication. However the mechanisms that led to this phenomenon are still to be fully clarified (Chastel et al., 1990; Bailey and Ball, 1991).

The biochemical, antigenic and genomic characteristics of the various viruses potentially associated with varroa infestation are largely (es. APV) or completely (es. DWV) unknown. The scarcity of information probably originates by the limited availability of diagnostic reagents and instruments that make applicable the most common virological and molecular techniques (es. PCR, ELISA etc.).

In the last decade we investigated the presence and spread of bee viruses in Italian hives (Carpana et al., 1990; Lavazza et al., 1996; Arculeo and Lavazza, 1998). Samples of honeybees at different stages of development and Varroa destructor mites were examined by negative staining electron microscopy methods. A number of viruses were visualised and variable levels of infection, including latency, combined or not with disease symptoms, mortality of adult bees and severe mite infestation. AGID test permitted the identification of the following viruses: APV, DWV, chronic paralysis virus (CPW), black queen-cell virus (BQCV), cloudy wing particle (CWP). In particular, DWV and APV were often detected in high titres in association with severe signs: depopulation, adult bees with paralysis and/or deformed wings, mortality.

The aims of this study are the followings: a) to study the biochemical and antigenic properties of Deformed Wing Virus; b) to produce specific reagents for such virus i.e. polyclonal and monoclonal antibodies; c) to set up a diagnostic ELISA. 

 

Materials and methods

Virus purification
DWV was purified from bees (Apis mellifera) clinically affected by wing deformity. These insects were collected in the experimental apiary of the University of Udine (North-East of Italy) from one colony that had not received any anti-varroa treatment, so the level of infestation was very high. Several hundreds of insects (around 700g) were sampled live, killed by freezing and then stored frozen at –80°C until required. Virus purification was carried out from bees coming from this single hive after examination by negative staining electron microscopy, which highlighted the presence of a icosahedral, 28-30 nm in size, viral particles morphologically resembling picornavirus.
Virus was extracted following standard methods (Bailey and Ball, 1991) by homogenising bees in 0.5 M sodium phosphate (pH 7.6), 0.02% Diethyldithiocarbamate, 10% Ether at a concentration of 3 bees/ml (approximately 30% w/w). The extract was filtered through gauze, added with an equal volume of chloroform, shacked by vortex and finally clarified by centrifugation at 12000 g for 10 min. The supernatant was brought to a final concentration of 1% w/v NaCl and 6% w/v Polyethyleneglicole 6000, left at 4 °C for 8-12 hours and centrifuged 6000 g for 10 min x °C in order to collect the precipitate. The PEG pellet was dissolved in buffer 0.5 M phosphate, 0.2 M NaCl pH 7.4 and centrifuged 3000 g for 15 min. 0,5 ml of virus solution was loaded on the top of a 11,5 ml linear gradient of 10-30 % (w/v) sucrose. The tubes were centrifuged at 38000 rpm in a Kontron TST41 rotor for 90 min at 4 °C. Fractions (0.25 ml) collected from the gradient were analysed for their absorbance at 260 nm, proteins contents by PAGE-SDS and presence of virus by Electron Microscopy. Fractions in which virions were detected were pooled and stored at –80 °C until use. 

Polyclonal serum

Rabbits (New Zealand) were primed intramuscularly with 200 (g using Freund's adjuvant and boosted after 4 weeks by a similar dose of antigen in buffered saline. Sera were collected 2 moths after the priming, and characterized by ELISA and western blotting. They were also use to carry out Immuno-Electron-Microscopy (IEM) examinations.

Monoclonal antibodies (MAbs)
Mice were primed subcutaneously with the purified DWV virus (30 (g) using Freund's adjuvant and boosted after 6-8 weeks by an intraperitoneal injection with a double dose of antigen in buffered saline. Hybridomas were generated according to Galfre and Milstein (1981) and the production of anti-DWV antibodies was determined by the reactivity of the supernatants from each hybridoma in an ELISA test with the virus directly adsorbed on the solid phase.
ELISA Sandwich 

Maxisorb plates (Nunc) were coated overnight at 4°C with anti-DWWV polyclonal serum (10 (g/ml) in carbonate buffer (pH 9.6). Further incubations with antigens and/or antibodies were for 60 min at 37 °C with gentle agitation using PBS pH 7.4 with 0,05% Tween 20 and 1% yeast extract. The antigens used in the sandwich ELISA at different dilutions included: a) purified DWV, b) raw bees extracts. The HRP activity associated with conjugated anti-mouse rabbit IgG as secondary antibody, was quantified using o-phenylenediamine (OPD) (Sigma) as described (Tijssen and Kurstak, 1984). The raw bee extracts were included in the study in order to get preliminary data of validation of the ELISA test. These samples consisted in adult bees taken from different hives originating from various parts of Italy, which had firstly resulted positive for the presence of picornalike virions by EM.

SDS-PAGE and Western blotting
Proteins were denatured for 2 min. at 100°C in the presence of 60 mM Tris pH 6.8, 2% SDS, 2% ( -mercaptoethanol, 5% glycerol, separated on 10% SDS-PAGE (Laemmli, 1970) using a minigel system (Hoefer) and transferred to nitrocellulose filters (Schleicher and Schuell) at 0.3 A for 60 min. in 25 mM Tris pH 8.3, 192 mM glycine, 20% v/v methanol (Towbin et al., 1979). After transfer the filters were saturated overnight at 4°C with 2 % BSA dissolved in phosphate buffer pH 7.4 and incubated for 2 hours at room temperature with anti DWV sera or MAb diluted in phosphate buffer pH 7.4 and 1% BSA. After several washes, the binding of the antibodies was detected by incubation with alkaline phosphatase-labelled rabbit anti-mouse IgG and colour development in the presence of bromochloroindolyl phosphate/nitro blue tetrazolium substrate (BCIP/NBT), (Boehringer) as described (Harlow and Lane, 1988). Proteins were identified after SDS-PAGE staining the gels with Blu Coomassie or Silver nitrate. 
Electron Microscopy
Negative EM examination was performed using the method described by Misciattelli et al., 1979, either on crude extracts of adult bees, prepared as above described, either on the different materials obtained during the purification procedure. Each sample was firstly centrifuged at 8000 g for 10 min. Next 100 l of the supernatant from centrifuging at low rpm was ultracentrifuged in a Beckman Airfuge at 21 psi (82000 g) for 15 min. The Airfuge was fitted with an A 100 rotor holding six 175 (l test tubes in which were put specific adapters for 3 mm grids, which allow direct pelleting of viral particles on carbon-coated Formvar copper grids. These were then stained using 2% sodium phosphotungstate (NaPt), pH 6.8, for 1.5 min., and observed with a TEM Philips CM10. 
Immune Electron Microscopy tests were performed on adult bee extract, using either the anti-DWV rabbit serum or a specific anti-APV rabbit serum. For such method an equal amount of the testing material and of the serum, used at an optimal, predetermined dilution, were incubated prior the ultracentrifugation, for 1 hr at 37° C upon gently agitation.
 

Results

Virus purification and proteins characterisation
DWV was purified starting from clinically affected bees essentially by applying the classical method used to purify small round viruses. Each step of purification as well as final products i.e. the different fractions collected from the gradient, were checked by EM analysis (Figure 1). 
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Figure 1: Photomicrograph of DWV virons after purification. 2% NaPT negative staining. Bar = 100nm

The protein analysis in SDS-PAGE of the final viral preparation is showed in figure 2, in comparison with a partially purified preparation of the UK strain of DWV. Three main bands are visible in line 1 where we loaded 2 (g of virus; these bands represent more than 95% of the proteins content of the sample. The molecular weights of the main proteins were respectively 27 ( 1, 31 ( 1 and 44 ( 1 KDa, that well match those of the reference DWV UK strain reported in line 2. To note that in the reference virus there are further bands (45 and 22 KDa) that correspond to bees proteins since they were also present in the virus preparation we made before the last step of purification (data not shown). 
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 Figure 2: 12% SDS PAGE. Lane 1: 2 μg of purified DWV; lane 2 UK DWV reference strain; lane 3: 0.7 μg of purified DWV. M = marker of molecular weight

Production of immunological reagents and their preliminary characterisation

Since anti-DWV antibodies could be powerful tools for research studies and diagnostic applications, we inoculated both rabbits and mice with the purified DWV (Figure 2, line 1) for the production respectively of polyclonal sera and monoclonal antibodies using standard protocols.

In figure 3 we reported the titre of the best rabbit serum produced after 4 weeks from the first and second (booster) immunisation. It is clearly evident the effect of the second immunization that induces a 20 times increase of the titres, thus giving a final serum end-point of approximately 1/106. 
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Figure 3: Titration of anti-DWV polyclonal serum by ELISA. ▲control serum; ○ rabbit serum after first inoculation; ● rabbit serum after booster inoculation

To confirm the specificity of the anti DWV serum, we examined by western blotting the same samples analysed in SDS-PAGE, previously reported in figure 1. The results of western blotting are shown in figure 4: out of the 3 main viral proteins, two sole, 32 and 44 Kda, were detected by using the polyclonal serum; in addition, a third protein of approximately 60 KDa, not visible in SDS-PAGE, showed a consistent reactivity. The polyclonal serum was also used in western blotting for testing raw bees extracts, which had resulted either positive or negative for the presence of DWV by electron microscopy. The results were very similar to those obtained when testing the purified virus, with the exception of a group of faint bands with molecular weight above the 70 Kda. These bands were similarly observed in the negative extracts, which on the contrary did not show any viral protein (data not shown). 

The polyclonal serum was also tested in western blot against two other reference strains of bee virus i.e. Acute Paralysis Virus and Sacbrood Virus, giving, as expected, negative results (data not shown).

Interestingly, western blotting showed a different reactivity between the Italian DWV isolate, used as immunogen in the serum production, and the UK DWV isolate. In fact, the 44 KDa band of the UK DWV isolate was totally negative, although the protein was clearly present as shown by SDS-PAGE (Figure 1). In addition, the third band of 60 Kda, as said before not visible in SDS PAGE in both the Italian and UK strains, showed a lower reactivity in comparison with the same band of the Italian isolate.
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Figure 4: Western Blot results. Lane 1: 2 μg of purified DWV; lane 2 UK DWV reference strain; lane 3: 0.7 μg of purified DWV. M = marker of molecular weight

In order to further confirm the specificity of the anti-DWV polyclonal serum, it was also used to carry out IEM examinations, in comparison with a specific anti-APV serum as negative control, and it permitted to observe specific clumping of DWV virions in raw bees extracts.

The first production of MAbs generated three hybridomas that produce mouse IgG, highly reactive towards the purified DWV. In Figure 5 we reported the titration of the purified virus in an ELISA sandwich set up by using the rabbit anti-DWV polyclonal serum adsorbed to the plate. All the three MAbs showed a good reactivity; in particular MAb 2B5 was able to detect till 10 ng/ml of virus, whereas 1E4 and 2G4 till 2-3 ng. 
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Figure 5: Titration of the three MAbs in ELISA sandwich set up with the purified virus and the polyclonal rabbit serum adsorbed on the plate. ▲Control negative MAb (anti-RHDV MAb 1H8); ○ MAb 1E4; ● MAb 2B5;  ∆ MAb 2G4

By using the same ELISA sandwich we tested in dilution extracts of bees coming from different hives and, as showed in figure 6, we found positive results at dilutions over 1/104.

Finally, in order to establish which viral protein contains the epitopes of the three Mabs, we performed a western blotting identical to that described in figure 4 and the result was that all three MAbs showed a weak reaction against the 44 Kda protein (data not shown).
 

Table 1: Results obtained by testing in ELISA sandwich, expressed as A 492, at different dilutions the raw extracts of bees coming from different hives. MAbs were used as tissue culture diluted 1:20. N. 14 is a negative control sample.
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Discussion

In addition to the demonstration of the specificity and sensibility of the immunological reagents produced, which were then used to set up an ELISA sandwich for detection of DWV in diagnostic samples, this study provides some first data insight the biological and antigenic properties of DWV. 

From the structural point of view, the reactivity in Western blotting of the viral proteins (VP) suggests that a large part of the viral surface is made by the VP31 and VP44 whereas VP27 that does not react with rabbit serum in western blotting, is internally located. This data are also supported by the total negativity of the VP44 present in the UK reference strain of DWV. In fact, it is well known that the more variable structural parts of virions usually are those exposed on the surface, which easily can interact with host proteins (cell receptors, immunity mediators ecc.). Such result is also interesting from an epidemiological point of view, since it clearly indicates that inside the DWV quasispecies there is a consistent variability i.e. more strains or variants could be widely distributed in different countries. We believe that the use of MAbs will be to a great extent useful to portray the epidemiological picture of DWV. 

Another indication deriving from the use of the ELISA sandwich is that such test is able to indicate haw much DWV is present in an extract (see table 1). In fact, on the basis of the OD values obtained in ELISA with different amounts of the purified virus (see fig.5) it is possible to estimate that a bee clinically affected by DWV contains 10-50 (g of virus that, assuming a molecular weight of the virions in the order of 1 x107 Da, means approximately 1012 viral particles. 

In conclusion, the results of this study are the primary step for the production and validation of diagnostic tests that will be used both in the routine diagnostic activity and research. Indeed, it will be easier to investigate the molecular epidemiology of the different viral strains in order to ascertain the existence of antigenic and molecular variants. We also think that the use of such methods will help to better understand the relationship between honeybees, varroa and viruses, and particularly to define the main aspects of the viral infections in association with varroa mite i.e. the correlations existing between reproductive rate of the mite, physiological condition of the mite, presence of virions and inhibition of the reproduction of the mite.
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