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The Mojui dos Campos virus (MDCV) was isolated from the blood of an unidentified bat (Chiroptera) captured
in Mojui dos Campos, Santarém, State of Para, Brazil, in 1975 and considerated to be antigenically different from
other 102 arboviruses belonging to several antigenic groups isolated in the Amazon region or another region by
complement fixation tests. The objective of this work was to develop a morphologic, an antigenic and physicochemi-
cal characterization of this virus. MDCV produces cytopathic effect in Vero cells, 24 h post-infection (p.i), and the
degree of cellular destruction increases after a few hours. Negative staining electron microscopy of the supernatant
of Vero cell cultures showed the presence of coated viral particles with a diameter of around 98 nm. Ultrathin
sections of Vero cells, and brain and liver of newborn mice infected with MDCV showed an assembly of the viral
particles into the Golgi vesicles. The synthesis kinetics of the proteins for MDCV were similar to that observed for
other bunyaviruses, and viral proteins could be detected as early as 6 h p.i. Our results reinforce the original studies
which had classified MDCV in the famiBunyaviridag genusBunyavirusas an ungrouped virus, and it may
represent the prototype of a new serogroup.
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Arboviruses form an ecological group of viruses trandMaturation of viral particles occurs upon Golgi or endo-
mitted by arthropods to man and other animals. Sonpdasmic reticulum membranes. Exceptionally, the assem-
types are associated with important public health prolsly also occurs on the plasma membrane (Madoff &
lems at regional, national and/or continental levelsenard 1982, Kuismanen et al. 1985, Pobjecky et al. 1986,
(Vasconcelos et al. 1992). In Brazil, at least 200 distinétnderson & Smith 1987, Goldsmith et al. 1995).
serotypes have been isolated. Of these, 186 were obtainedMojui dos Campos virus (MDCV) is registered in the
from the Amazon region of Brazil, and 86 of them havénternacional Catalogue of Arbovirus (Karabatsos 1985)
been considered as new types (Travassos da Rosa eaalan ungrouped, unclassified, possible arbovirus. This
1998). status was based on serologic studies carried out at

The Bunyaviridaefamily comprises over 300 indi- Evandro Chagas Institute (Karabatsos 1985, Pinheiro &
vidual virus species belonging to five gendanyavirus Travassos da Rosa 1985).

Hantavirus Nairovirus, Phlebovirusand Tospovirus Zeller et al. (1989) showed that MDCV had cross reac-
(Gonzalez-Scarano & Nathanson 1996). The genometidn by IFI with specific immune serum blfyandovirus
bunyaviruses consists of three segments of singl@Nyando serogroup) and San Angelo (California
stranded, negative sense RNA that form an helical nucleserogroup) oBunyaviridadamily. These reactions were
capsid by combining with the nucleoprotein. The meniater confirmed by complement fixation (CF) test, but no
bers of th&Bunyaviridaehave no matrix protein and their reaction was observed by neutralization (N) tests with
nucleocapsid apparently interacts directly with the envether viruses of Nyando and California groups
lope glycoproteins, G1 and G2, during virus replication(Eretmapodites 146 and Jamestown Canyon, La Crosse
and Snowshoe hare).

In order to establish a definitive classification to
MDCYV we carried out several laboratory examinations.
This paper describes the results of new serological tests,
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: . i . . fixed with 1% OsQat 4°C (Hepler 1980gn blocstained

tion was obtained. Till now, no other strain of this virusyith 2.5% uranyl acetate and dehydrated through a graded

has been isolated. . series of acetone concentrations. The material was then
Virus infection- In order to infect cell cultures with jjmmediately embedded in “Epon” (Luft 1961). Finally, sec-

MDCV, 0.1 ml of a 1:10 dilution of stock virus (abouttions were stained with uranyl acetate and lead citrate

107-0TCDg/0.1 ml) was inoculated into the center of aReynolds 1963), and observed in TEM (Zeiss EM 900).
confluent (70% to 80%) monolayer of Vero cells in 2%cm RESULTS

plastic flasks. The mixture was incubated for 1 h to allow
adsorption of the virus on the cells. Cell maintenance Cultures- MDCV caused CPE in Vero cells 24 h p.i.,
medium (MEM; Sigma) supplemented with 2% fetal calfvith a increasing degree of cellular destruction (Fig. 1),
serum, L-glutamyne 200 mM, penicillin (100 Ul/ml), strep-and at 48 h p.i. all cells were destroyed. During cultures,
tomycin (100 pg/ml), HEPES 1M (pH 7.3), amphotericin Bhe morphology of the cells changed from elongated to
(3 pg/ml) and 1.5 g/l sodium bicarbonate were then addestinded following the viral replication.

and the flasks incubated at 37°C. The cells were examined Mice - Infected mice developed signs of flaccid pa-
daily until the cytopathic effect (CPE) become evidentalysis after approximately three days, and at five days
When cells showed 80% of CPE, the supernatant wpsd. all animals had died.

collected, frozen at -70°C for 15 min, and then centrifuged Physicochemical and serologic tesdMDCV showed

at low speed (900 x g for 30 min), aliquoted and stored sénsitivity to DCA challenge. The control titer was1d
-70°C with 20% fetal calf serum. Suckling mice were int.Dy/0.02 ml, and after treatment with DCA it was reduced
oculated intracerebrally with 103 LDgy/0.02 ml. When  to < 2.5 LDy/0.02 ml. Subsequently, MDCV was tested
showing signals of illness they were sacrificed and thegy the neutralization test and the logarithmic neutraliza-
brains were immediately processed or frozen at-70°C. tion index was 18- when challenged with its homolo-

Preparation of antiseraHyperimmune specific anti- gous antiserum. In IFA tests using FICT-conjugated anti-
serum was produced in young (4-6 weeks) Swiss mice arabbit IgG, specific fluorescence was observed in small
the immunogen used was 0.2 ml of 1:10 suspension gditches in the cytoplasm (24 h p.i.) in an area immediately
MDCYV in 0.85% NaCl solution. Four intraperitoneal injec-adjacent to and surrounding the nucleus of infected cells.
tions at weekly intervals were used for immunizatioThirty hours p.i., when approximately 80% of the infected
(Casals 1967). A week after the last immunization, the argells showed CPE, the fluorescence became more evident
mals were anesthetized and the blood collected by intraand generalized within the cytoplasm. MDCV showed
ardiac exanguination. Serum was obtained by centrifugstrong reaction to the CF test only with its specific antise-
tion (2,400 g/10 min), and stored at -20° C until used. rum (Vero cells=16/2 and brain micez32:8).

Virus titration and serology MDCYV titrations were Viral proteins- In order to follow the kinetics of pro-
carried out with, and without, 1:500 DCA (sodiumtein synthesis, confluent Vero cell monolayers infected
desoxycholate) solution, and the material inoculated intoith MDCV and the supernatant at 3, 6, 9 and 12 h p.i.
newborne mice (Theiler 1957). N test in mice, IFI assayere immunoprecipitated with protein A. The MDCV pro-
and CF test were performed using MDCYV, as previoustgins L, G1 and G2, displayed molecular weights of 259,
described elsewhere (Fulton & Dumbell 1946, Gubler et al.

1984, Beaty et al. 1989).

Isolation of viral proteins The viral proteins were
extracted using polyacrylamide gel electrophoresis (PAGI (h)—
in the presence of sodium dodecyl sulfate (SDS-PAGE
Slab gels were performed with 10% separating gel and &

stacking gel, and in both the viral proteins were reveale —259
using 0.2% aqueous solution of commassie blue enlarg “j16= -116
of acetic acid and ethanol (Laemmli 1970). Molecula 97— -97
weights of MDCYV proteins were compared with five mo- -82
lecular weight protein markers in the same gel. i
Electron microscopy 43

Negative staining The supernatant of Vero cells in- = Y

fected with MDCV was applied to grids that were covere

with Formvar and a carbon film. A drop of 2% phospho —

tungstic acid (PTA) solution, pH 6.8, was then addec 1 2 3 4 5
The excess of PTA was removed 30 sec later with a filt
paper (Almeida 1980), and the grids were then air-dried

; ; ioqi ; g. 1: kinectic of protein synthesis during the course of Mojui dos
and exam.mEd in a transmission electron microscope (TE ampos virus infection of Vero cells. Infected cells with stock virus
model Ze|$s EM_900. ) ) at a titer of 10/:° TCD/0.1 ml were immunoprecipitated with
Ultrathin sections Vero cells, brain and liver fragmentSprotein A (Sigma) at 3 to 12 h p.i (lanes 2 to 5). After immunopre-

of infected suckling mice were used for conventional elecipitation, samples were submitted to PAGE at concentration of

ron microscopy. The specimens were fixed at room terp% and _10%. All sample _sizes loaded on the 10% SDS discontinous
tro by P aemmli gels were identical (20 pl) and corresponded to L (259

perature for 2 h in 4% paraformaldehyde-2.5% qutaraIdbDa)‘ G1 (116 kDa) and G2 (41 kDa). Lane 1 is the molecular

hyde in 0.1M cacodylate (Karnovsky 1965), pH 7.2, posigeight marker (Sigma).
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116 and 41 kDa, respectively (Fig. 1). The profile also
showed presence of other proteins with molecular weights
of 82 and 97 kDa. It is noteworthy that N protein was not
detected in several gels made during this study.

Electron microscopy Negative stained preparations
of MDCYV revealed round viral particles with an average
diameter of 98 nm (range: 82-100 nm). These particles had
an envelope which consisted of a bilaminar membrane
covered, on the surface, by projecting structures (Fig. 2).
Most viral particles showed a rather irregular shape and a
deformed presentation. Frequently, many of them were
separated, and occasionally they occurred in groups.

Ultrathin sections of infected mice brain (48 h p.i.)
showed MDCYV particles, especially inside the cisternae
and vesicles of the Golgi structure. MDCYV patrticles (Fig.
3) were seen forming clusters on the surface of infected
cells. In the liver of infected mice at 72 h p.i., MDCV par-
ticles were observed inside the vesicles of the smooth
membrane vesicles (Fig. 4). Morphological aspects of the
MDCYV particles in Vero cell cultures were similar to those
observed in infections with other bunyaviruses (von
Bonsdorff et al. 1970, Smith & Pifat 1982). Extracellular
particles were seen to be round to slightly oval, with an
average diameter of 83 nm (range: 70-90 nm). Virus pafig. 3: clusters of extracellular Mojui dos Campos virus (48 h p.i.)
ticles were frequently found at the point of overlap beharticles were frequently found closely to the Vero cells surface
tween two cells (Fig. 5). (arrows).

DISCUSSION

Many morphological features of the MDCV in Vero
cells were similar to those previously described for other
members of thBunyaviridagivon Bonsdorff et al. 1970,
von Bonsdorff & Petterson 1975, Obijeski & Murphy 1977,
Patterson & Schmaljohn 1990, Gonzalez-Scarano &
Nathanson 1996, Rwambo et al. 1996).

Fig. 4: thin sections of a Mojui dos Campos (MDCV) virus-infected
of Swiss mice hepatocytes were harvested 72 h after p.i., and showed
MDCYV (arrow) inside of smooth Golgi membrane vesicles located
near mitochondria (M).

152 nm

The budding of the virusedin NombrgHantavirug
(Goldsmith et al. 1995) andukuniemi(Phlebovirug
Fig. 2: supernatant of infected Vero cells (48 h p.i.) were negative@Kmsmanen etal. 1985), Occu_rs beneath th,e cell's plasma
stained, showing spherical and complete Mojui dos Campos virdlembrane, whereas the budding of MDCYV, in all stages of
particles containing a visible envelope (large arrow) that had finmaturation, was observed to be primarily inside membranes
surface projections (thin arrow). of the Golgi structure. Maturation in the proximity of the
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crescents to essentially complete and maturated virions
attached only by a thin stalk to the vesicular membrane.
In sections showing budding figures, the bilaminar na-
ture of the envelope was evident. Moreover, an electron-
dense layer corresponding to condensed RPN was appar-
ent on the cytoplasmic surface immediately under the de-
veloping envelope. Viral particles were frequently found
in the lumen of the Golgi cisternae in the dilated rims (Fig.
7). It was clear that the vesicular membrane and the emerg-
ing viral envelope constitute a single continuous mem-
brane. Similarly, an increased density was apparent on
the lumenal face of developing virions, corresponding to
virion spike structure.

Several images indicated that the release of the virus
particles from infected cells to be mediated by exocytosis.
The vesicles containing mature virions were also seen
close to the plasma membrane. The absence was noted of
the coat on the cytoplasmic surface which is often associ-
ated with pycnocytic vesicles (Silverstein et al. 1977,
Lodish et al. 1995).

The study of protein synthesis eliminated any doubt
regarding the classification of the MDCV as a member of
_ ) _ ) Bunyaviridae The kinetics of synthesis of MDCV-speci-
Fig. 5: mature viral particles (48 h p.i.) were frequently observed tgaq proteins is completely in accordance with those of
be retained at the opening of the vesicles (arrow) which had fuse . . .
with the plasma membrane (pm). other bunyaviruses of the gerBsnyavirus(Eliott et al.

1991). These findings substantiate the previous charac-
terization proposed by Zeller et al. (1989) establishing
smooth internal membranes of the Golgi cisternae (Fig. BIDCV as a member tHgunyaviridaggenusBunyavirus
or endoplasmic reticulum has been considered to be"#@wever, it remains ungrouped, since it does not share
hallmark of members of the famiBunyaviridagBishop ~ Similarities with other bunyaviruses.
& Shope 1979, Bishop et al. 1980, Schmaljohn 1996).

Development of MDCV particles was seen in all stages

of replication, ranging from slightly thickened membrane

Fig. 7: ultrathin section of Mojui dos Campos (MDCYV) virus in Vero
cells 36 h p.i., showing a different stage of maturation of viral
particles. Electron dense structure was evident in the lumen of
Fig. 6: ultrathin section of Mojui dos Campos virus-infected Veraesicle (head arrow). Note that the viral envelope was continuous
cell (36 h p.i.). Virus particles were seen inside the lumen of th® the vesicle membrane (thin arrow), and MDCV mature particle
Golgi (G) cisternae in dilated rims (arrow). (large arrow) was observed within smooth membrane vesicle.
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Evidences that MDCV is by CF tests antigenically difkarnovsky MJ 1965. A formaldehyde-glutaraldehyde fixative
ferent from the other 102 arboviruses and antigenic groups of high osmolarity for use in electron microscopyCell
isolated in the Amazon region or another region were pre- Biol 27: 137SA. ,
viously described (Pinheiro & Travassos da Rosa, 198 uismanen E, Saraste J, Pettersson RF 1985. Effect of monensin

. < " on the assembly of Uukuniemi virus in the Golgi complex.
Moreover MDCV was also negative to Agua Preta and 3 Virol 55 813-822.

Parixa virusesHerpesviridag and Mapueravirus | semmli UK 1970. Cleavage of structural proteins during the
(ParamyXOV|r|da¢, a” Of them aISO ISO|ated fl’0m batS n assemb|y of the head of bacteriophage Nature 227
the Amazon region (Pinheiro & Travassos da Rosa 1985). 680-685.

Brain mice infected with MDCV by CF has shown redodish H, Baltimore D, Berk A, Zipursky SL, Matsudaira P,
action only against its specific antiseru 28£16) and Darngll J 1995Molecular Cell Biology3rd ed., Scientifics
has also shown negative results to prototype of Califor- American Books, New York, 738 pp. _ _
nia group -California encephalitis virusJerry Slough, Luft JH 1961. Improvements in epoxy embedding materials.

Biophys Biochem Cytot 409-414.
as well as to Tahyna, Snowshoe hare, Melao, Serra qudoff DH, Lenard J 1982. A membrane glycoprotein that

Navio, Trivittatus, La Crosse, San Angelo, Keystone, - 5ccymulates intracellulary: cellular processing of the large
Lumbo, South RiveiGuaroaand Inkoo. Similarly, cross glycoprotein of La Crosse viru€ell 28 821-829.
reactions were not observed to the prototypBlydndo Obijeski JF, Murphy FA 197 Bunyaviridae recent biochemi-
serogroup (Travassos da Rosa - pers. commun.). cal developmentsl Gen Virol 37 1-14.
Patterson JL, Schmaljohn CS 19B0nyaviridaeand their rep-
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