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ABSTRACT

Rotavirus (RV) strain SA-11 was studied with respect to its infectivity in MA-104 cell cultures and the effect of
concanavalin A (ConA). Receptors for ConA at the surface of MA-104 cell were determined by fluorescence assay
and specifically inhibited by D-mannose. The kinetics of virus growth was carried out by plaque assay. Electron
microscopy and polyacrylamide gel electrophoresiswere used for monitoring the experiments. It was concluded that
RV replication was not affected consistently by ConA, however it interfered with the development of cytopathic

effect (CPE) without altering virusyields.
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INTRODUCTION

Rotaviruses (RV) are agents of acute diarrhea in
mammals and birds (Kapikian & Chanock, 1996;
Burke & Dessalberger, 1996). Virion genome is
formed by eleven segments of double-stranded
RNA involved by a concentric triple-layered
protein shell (Kapikian & Chanock, 1996). The
outer layer is congtituted by VP4 and VP7 proteins
being the former associated to hemagglutinin
activity (some strains of RV), attachment and
virulence (Bridger et a., 1998; Kirkwood et d.,
1998). The latter, a glycoprotein, seems to be
involved in cell penetration ether by promoting
the sability of VP4 or enhancing its activity
(Prasad & Estes, 1997). VP4 is synthesized in free
ribosomes while VP7 in ribosomes associated to
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the endoplasmic reticulum where it s
glycosylated. The number of sites and locations of
VP7 glycosylation depend upon the strain of RV
abeit the glycans are dl of high-mannose type
(Both et al.,1994; Reading et d., 1998). The
interaction of RV-cell receptors has been studied
for the identification of molecules involved and to
better understanding of cdl binding and
penetration processes (Méndez et al., 1996; Ludert
e 4d., 1996; Rolsma e a., 1998). The
identification of vira and cell receptors can be
done by severa methods (Haywood, 1994), and
among them, lectins are used for monitoring early
stages for virus-cdl interaction due to ther
specificity to sugar residues (Murray, 1994).
Concanavain A (ConA), a lectin from jack bean,
binds specificdly to mannosyl and glycosyl
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residues. This lectin has been extensively used for
the study of virus attachment to host cels and
characterization of glycoproteins involved, mainly
concerned to the enveloped viruses (Cadafat &
Hageman, 1972; Okada & Kim, 1972; Miki, 1980;
Conti & Tsang, 1985; Grail & Norvd, 1986;
Kopecky et d., 1991, Okamoto et al., 1997).
Svensson (1984) demonstrated that RV express
mannosyl residues in VP7. Therefore, we
atempted to establish a modd for enhancing or
inhibiting RV GA-11) infection in cdl culture by
Con A. The study was motivated due to the
unavailability of datum on this respect; the
presence of mannosyl residues on the virus surface
protein (VP7); and the possibility of an dternative
mechanism of virus binding to the host cell.

MATERIALSAND METHODS

Cell and viruss MA-104 cel cultures (feta
monkey kidney) were cultivated in Dulbecco’'s
Modified Eagle Medium (DMEM) supplemented
with 200 Ul/ml penicillin, 100ng/ml streptomycin,
2.5my/ml fungizon and 10% fetd bovine serum
(FBS), and in 5% CO, ambient when required.
Simian rotavirus (SA-11) was always pretreated
with 30mg/ml of crystaline trypsin at 37°C for 30
min prior to inoculation. MA-104 cel cultures
used for rotavirus growth showing 60% of
cytopathic effect (CPE) were submitted to three
cycles of freezing/thawing, centrifuged at 2,000xg
for 10 min and maintained a —20°C. This virus
suspension was used throughout a a multiplicity
of infection of approximately 1.

Concanavalin A (ConA): ConA type IV (Sigma,
USA) from Canavalia ensiformiswas prepared as
a stock solution at 100ng/ml in phosphate-buffered
sdine (PBS) pH 7.3, serilized by filtration and
maintained at —20°C.

Plaque assay titration: Four hundred microliters
of the inoculum diluted to the tenth were seeded in
a 24-well tissue culture plate with MA-104 cell
culture at 70% confluence. After the attachment,
the inoculum excess was removed, cdll
monolayers washed with PBS and overlaid with
melted 05% nutrient  agarose  containing
antibiotics, 10ng/m of crystdline trypsn and
100ng/ml of DEAE—dextran. Agarose nutrient
overlay was dlowed to solidification, and plates

were incubated upside down at 37°C in 5% CO,
ambient for 5 days. Monolayers were fixed with
10% buffered-formadehyde for 24 h a room
temperature (x25°C) and overlay melted in
microwave (75 sec a medium power leve).
Plagues counting were performed after monolayers
staining with 0.5% crystd violet (Fig.1).

Fluor escence assay: Cell monolayers grown in
coverdips were washed twice with PBS and
incubated with ConA-FITC conjugate (ICN, USA)
a the concentration of 40ng/ml for 15 min either
a 4°C or 37°C After three washings with PBS,
monolayers were observed under UV-light
microscope (Fig.2). In pardle ConA-FITC at
36my/ml was treated with 50mM of Dmannose
(Sigma, USA) for 15 min at 37°C before treatment
of the cells.

Transmission electron microscopy (TEM): Vird
samples collected during the experiments were
monitored by conventiona negative staining (Fig. 3)
(Uedaet d., 1998).

Polyacrylamide gel electrophoresis (PAGE):
Cdl monolayers supernatant fluids collected
during the experiments were aso submitted to
PAGE (Fig.4) (Herring et d., 1982).

ConA toxicity on MA-104 cells: Cell monolayers
established in 96-well tissue culture plates were
washed with PBS and maintained with ConA at
the concentration of 0.5ng/ml, 1.0mg/ml, 2.0ng/ml,
2.5ngy/ml, 3.0ng/ml, 3.5my/ml, 4.0ng/ml,
4.5mg/ml, 5.0my/ml and 10mg/ml in DMEM for 5
days at 37°C. The experiment was carried out in
triplicate and each concentration was tested in 12
wells per plate. Twelve wells per plate were also
maintained for control as mock-treated cells. In
another series, monolayers were maintained with
2.5my/ml, 5.0my/ml and 10nmg/ml of ConA for 40
min a 37°C, thoroughly washed with PBS and
refed with DMEM, also in triplicate. Mock-treated
monolayers were aso maintained for control, in
triplicate. Monolayers were daily monitored for
toxic effect for 5 days.

Virus treatment with ConA: Prior to inoculation,
virus suspension was treated with 0.5ng/ml and

2.5ng/ml of ConA for 1 h a 37°C The inoculum
excess was removed, monolayers washed with
PBS and maintained with fresh DMEM, and daily
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Figure 1 - Plaque assay of rotavirus inoculum diluted to the tenth (10 to 10, lanes
1-5) in MA-104 cell cultures stained with 0.5 % crystal violet five days pi, in
quadruplicate. Lane 6, noninfected cell control.

observed for 5 days. Nontreated virus-infected
monolayers as well as noninfected cultures were
maintained for control. Treated virus suspension
was monitored by TEM.

Treatment of cell culturewith ConA beforethe
infection: Test tubes established monolayers were
trested with 0.5m/ml, 1.25ng/ml, 2.5m/ml,
5.0m/ml and 10mgy/ml of ConA for 30 min a
37°C, in triplicate. The lectin excess was removed
and monolayers were inoculated with the virus.
Following attachment, virus inocula were aso
removed and cultures refed with fresh DMEM.
Monolayers treated and noninfected, monolayers
nontreated and infected and monolayers nontreated
and noninfected were maintained for control. At
time intervals of zero, 8, 24, 48, 72 and 96 h pogt-
infection (pi) monolayers were centrifuged at
2,000xg for 10 min. The supernatant was collected
and 1.0 ml of fresh DMEM was added to the
monolayers and submitted to three cycles of
freezing/thawing. The supernatant fluids of each
time interval and the respective monolayer
homogenates were pooled separately, and virus
titer determined. In pardled CPE was daly
monitored and virus yields evaluated by PAGE.

Treatment of cell culture with ConA after the
infection: The experiments were smilar to that
previously described except that ConA was added

a 0.5ng/ml and 2.5my/ml after virus attachment
and maintained throughout, and also carried out in
triplicate. Cell monolayers treated and noninfected
and monolayer nontrested and infected were
maintained for control. At time intervals of zero, 8,
24, 48, 72 and 96 h pi cultures were submitted to
three cycles of freezing/thawing. The virus titers
were determined in  the pooled monolayer
homogenates harvested at indicated intervals.

RESULTS

ConA maintained in MA-104 cdl cultures for 5
days, a the concentrations of 0.5myml to
2.5ng/ml, did not demondtrate any change in the
cels that could be considered toxic effect.
However, from 3.0mg/ml to 10ng/ml cdl clumping
was observed with increasing intensity at higher
concentrations of the lectin. Similarly, no effect
was observed during 5 days, when cells were
treated for 40 min only at 2.5ng/ml, 5.0my/ml and
10mgy/ml of ConA, following the removd of the
lectin. When virus suspension was pretreated with
ConA at 2.5ng/ml no change was observed either
in the intensty or progresson of CPE in
comparison to infected and nontrested cultures.
Cdl monolayers treated with ConA at the
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concentrations 0.5mgy/ml to 10ng/ml before virus
inoculation did not affect much the kinetics of

virus growth in comparison to nontreated cells. It
was observed that at 0.5mgy/ml to 2.5my/ml of the
lectin no difference was found in the tota virus

titer. Smilarly, cell-associated virus titer and that
of the supernatant fluid did not demonstrate any
difference in comparison to nontreated cells
(Figs. 5 to 7). At the concentration of 5.0mgy/ml
and 10my/ml however, a decrease of 1 to 2 log was

Figure 2 - Fluorescence assay of MA-104 cell culturesincubated with ConA-FITC for
15 min at 4°C (A) showing labeling mainly at the cell surface and at 37°C aso in the

cytoplasm (B). 200X.

detected in cell-associated virus titer a time
interval of 24 to 72 h pi in comparison to that of
nontreated cells. Virus titer in the supernatant fluid
a the same period of time showed no difference

between treated and nontreated cultures (Figs. 8
and 10). When ConA was added to virus-infected
cultures a the concentration of 0.5mgy/ml and
2.5ng/ml soon after attachment and maintained
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throughout, the kinetics of virus growth was not
dtered (Figs. 9 and 11). Although no difference
was detected in virus titer, at the concentration of
2.5my/ml, the development of CPE was delayed in
relation to nontreated cultures. Twenty-four h pi
approximately 5% of treated cells presented CPE,
similarly to that of nontreated control cdls. Forty-
eight h pi both trested and nontreated infected
cultures showed that 10-20% of the cells were
affected. From 72 h to 96 h pi monolayers kept
with ConA maintained CPE similarly to that

Figure 3 - Negative staining electron
micrography of rotavirus inoculum
submitted to the treatment with 2.5 ng/ml
of ConA. Bar: 100 nm.

observed a 48 h pi in that 10-20% of the cells
presented CPE. However, cultures in the absence
of lectin showed CPE in 60% at the same time
interva. At time interval from 96 h to 144 h pi 70-
90% of the nontreated cells showed CPE but only
20% in treated cultures,

DISCUSSION

The interaction of lectins on virus replication has
been sudied in particular with the enveloped
viruses due to the involvement of surface
structures of both viral and cedll origin integrated in
biologicd membranes. The affinity among these
structures represents the recognition for specific
cdl receptors for virus binding and triggering the
infectious process. Any mechanism that interferes
with the recognition may signify an important role
in virus infectivity as well as for the understanding
of virus penetration into susceptible host cel.
Presumably the affinity and reactivity among
celular and virus receptors are intensively
mediated by glycoprotein and glycolipids with
major role of the carbohydrate residues. Therefore,
the highly specific interaction of lectins with
sugars would point out for the possbility of
podtive or negative modulation of virus binding to
host cells. As previously described, lectins have
been used asvauabletool for monitoring virus

Figure 4 - Polyacrylamide gel electrophoresis of rotavirus double-stranded RNA
segments from the supernatant fluids of cell cultures treated before the infection with
ConA a the concentration of 2.5ng/ml, collected at 8, 24, 48, 72 and 96 h pi. Lanes b,
d, f, h, and j with ConA treatment. Lanes a, ¢, e, g and i without ConA treatment.

Lanes k-o human RV run as control.

Brazilian Archives of Biology and Technology



130 Hasenack, B. S. et al.

binding/replication, in particular with enveloped
viruses. ConA among the lectins has been
demondrated as inhibitor of various enveloped
viruses, such as Senda virus, herpes smplex
virus, Newcastle Disease virus, Epstein Barr virus,
Vesicular Stomatitis virus, tick-borne encephalitis
virus, fowl plague virus and rabies virus (Becht et
a, 1972; Okada & Kim, 1972; I1to & Barron, 1974,
Poste et al., 1974; Cartwright, 1977; Takehara,
1979; Khélifa & Menezes, 1982; Conti & Tsiang,
1985; Okamoto et a., 1997). On the other hand, a
few data are available concerning the effect of
ConA on the replication of nonenveloped viruses
(Okada & Kim, 1972; Ito & Barron, 1974;
LonbergHolm,  1975).  Svensson  (1984)
demondrated that triple-layered human RV
particles were aggregated by ConA and this effect
was either dissociated a inhibited with a-metil-D-
mannoside. Receptors for ConA are found in
several anima cells such as mouse peritoned
macrophages, Hela cells, chicken embryo-related
cdls (CER), human amnion (FL cells), MDBK
cells, BHK and mouse fibroblast (3T3) (Arndt-
Jovin & Berg, 1971; Conti & Tsang, 1985;
Kopecky et a., 1991; Okamoto et d., 1997).
Presently, we demonstrated the binding of labeled
ConA to MA-104 cells at the concentration of
40mg/ml. At the incubation temperature of 4°C
labeling was more intense at the cell surface and at
37°C it was adso observed in the cytoplasm
suggesting active internalization of part of the
lectin previoudy bound to cdll surface. Siaylated
compounds at the cell surface have been pointed
out as critica for the binding of severd viruses
including RV. In fact, the presence of these
compounds was shown to be essentia for binding
and hemagglutin activity for RV (SA-11 and
bovine strain), however, it was not true for Wa,
KUN and MO dtrains of human RV (Fukudome et
d., 1989). Smilaly, Méndez et d. (1993)
demonstrated that sialic acid was not necessary for
the infectivity of certain mutant strains of RV in
MA-104 cdls. Binding of RV in a mixture of
nongaylated glycolipids from bovine bran and
mouse intestine was demonstrated suggesting
thatattachment and penetration of the virus
dependupon different cellular components, and
that the former takes place in two stages,
dependent and independent of gSalylated
compounds a cell surface (Willoughby et d.,
1990; Srnka et d., 1992; Méndez et a., 1993,
Ludert et a., 1996; Isa et d., 1997; Rolsma et al.,

1998). The demonstration that VP4 and VFP7,
respectively present sites for recognition of a2bl
and a4bl, thought to be RV receptors, suggested
dternative way for virus penetration; however
sugar residues were not considered (Coulson et al.,
1997; Hewish et d., 2000). Wheat agglutinin and
ConA were previoudy shown to inhibit severd
viruses for binding to true receptors or to inhibit
progeny maturation and liberation (Ziegler &
Pozos, 1981; Okada & Kim, 1972; Poste €t 4.,
1974; LonbergHolm 1975; Cartwright, 1977,
Khélifa & Menezes, 1982; Conti & Tsiang, 1985).
When we treated the cells with ConA before virus
infection, we thought of the possbility of the
lectin to bind to cdll receptors and enhance binding
and penetration of RV by the interaction with VP7.
On the other hand, ConA could aso mask cell
receptors for VP7 inhibiting virus binding. The
kinetics of cell-associated and supernatant fluid
virus growth of cell monolayers previoudly treated
with ConA did not demonstrate differences at
05ng/m  and 25m/ml in comparison to
nontreated cells. At the concentrations of 5.0mgy/ml
to 10ng/ml, however a decrease of 1 and 2 log in
cell-associated virus titer was demonstrated at the
interval of 24 - 72 h pi. No difference was detected
in the development of CPE in ConA-treated cells
in comparison to nontreated cultures. These results
suggest that ConA did not interfere with binding
and/or penetration of the virus. It may be due to
the low concentration of ConA used in
comparison to experiments previoudy described
where concentration of lectin used varied from
125ng/ml to 1000ng/ml. At physiologicad pH
ConA is found as tetramer and capable to form
crossed links at cell surface (Gunther et d., 1973;
Reeke et al., 1975). We, therefore, justify the use
of low concentration of the lectin in order not to
block physicaly cell receptors by the excess of
ConA but rather dlow the interaction in a
stechiometric ratio. In these conditions, however,
it could be possble that ConA did not dlow
additiond dtes for virus binding more than those
already present at the cell surface. Nevertheless,
the decrease in cell-associated virus titer may
suggest a tempora interference with virus
morphogeness, eventualy with glycosylation sites
of viral protein criticad for virus assembly. In a
second series of our experiment, ConA was added
after virus infection and maintained throughout.
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Figure 5 - The kinetics of viral growth in cell culture
treated with 0.5nmg/ml of ConA prior to infection. A-
Total virus titer. B-Supernatant fluid (S) and cell
monolayer (M) virustiters.

Due to the toxicity of the lectin, we used the
concentration of 0.5mgy/ml and 2.5mg/ml. However
we could not detect any dteration in vird
infectivity. RV (SA11) and bovine strain present,
respectively one and two or three stes of
glycosylation a VP7. It was shown that bovine
colectins with specificity to mannose neutralize
the infectivity of RV (SA1l) a higher
concentration than those necessary for
neutrdization of bovine <ran, and that
neutralization was due to the aggregation of virus
particles (Reading et d., 1998). In our experiment
we expected that ConA could interfere with
second generation of progeny, however, possibly
due to low concentrations of ConA, this effect was
not demonstrated. The observation of the
inhibitory effect of ConA on the replication of
severa viruses, as previoudy cited, used much
higher concentration of the lectin (Becht et d,
1972; Poste et d., 1974; Lonberg-Holm 1975;
Cartwright, 1977; Khédlifa & Menezes, 1982; Conti
& Tdang, 1985; Grail & Norva, 1986).
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Figure 6 - The kinetics of viral growth in cell culture
treated with 1.25mg/ml of ConA prior to infection. A-
Total virus titer. B-Supernatant fluid (S) and cell
monolayer (M) virustiters.

Ito & Barron (1974) pretreated nonenvel oped virus
with ConA at DOng/ml and observed that it did
not ater echovirus and adenovirus replication.
Ruggeri & Greenberg (1991) demonstrated that
neutrdization of RV infectivity occurred only
when most of virus receptors was blocked. It is
possible that in our experiment RV was not
inhibited because higher concentration of the
lectin would be required. Although we were
unable to demonstrate the interference of ConA in
the replication of RV, it was observed that the
presence of the lectin throughout the experiment
caused a delay in the development of CPE. We
suggested that internalized ConA may have
interfered with virus proteins responsible for the
toxic effect in the host cells. It was demonstrated
that NSP4, a nonstructural vira protein with two
stes of glycosylation rich in mannose, increases
intracellular calcium concentration and this has
been associated with CPE development (Tian
et a., 1994, Badl et a., 1996; Estes et a., 1996;
Ruiz et d., 1996; Tian et a., 1996; Dong et d.,
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1997; Newton, 1997). In conclusion, our results
demonstrated that ConA  nether inhibited
consstently RV (SA11) replication nor enhanced
the infectivity. However, we showed that it
inhibited virus citotoxicity suggesting interference
on the stage of newly synthesized virus proteins.
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Figure 7 - The kinetics of viral growth in cell culture
treated with 2.5mg/ml of ConA prior to infection. A-
Total virus titer. B-Supernatant fluid (S) and cell
monolayer (M) virustiters.
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RESUMO

A infecciosidade do rotavirus cepa SA-11 foi
estudada em cultura de células MA-104 em
presenca de concanavalina A (ConA). Foi
demonstrada a presenca de receptores paraa ConA
nestas células através de ensaio de fluorescéncia
e bloqueio especifico dos mesmos através de

D-manose. A cinética de replicagdo vira foi
redizada pdo méodo de plague e o Vvirus
monitorado, pontudmente, pela microscopia
eletronica de transmissao e eletroforese em gel de
poliacrilamida.  Concluimos que a ConA né&o
afetou consistentemente a replicagcdo virdl,
entretanto interferiu no efeito citopatico.
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Figure 8 - The kinetics of viral growth in cell culture
treated with 5.0mg/ml of ConA prior to infection. A-
Total virus titer. B-Supernatant fluid (S) and cél
monolayer (M) virustiters.
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Figure 9 - The kinetics of viral growth in cell cultures
treated and maintained with 0.5ng/ml of ConA.
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Figure 11 - The kinetics of viral growth in cell cultures
treated and maintained with 2.5nmg/ml of ConA.
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