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a b s t r a c t

Potent antiviral activity against measles, influenza and polio viruses was observed in the hemolymph
of Lonomia obliqua. The antiviral protein responsible for this activity was isolated, purified by gel filtra-
tion chromatography using a gel filtration column system (Superdex 75) and further fractionated using a
Resource-Q ion exchange column system. Experiments with the purified protein led to a 157-fold reduc-
tion (from 3.3 ± 1.25 × 107 to 2.1 ± 1.5 × 105 TCID mL−1) in measles virus production and a 61-fold reduc-
eywords:
ntiviral
onomia obliqua
urification
emolymph

50

tion (from 2.8 ± 1.08 × 109 to 4.58 ± 1.42 × 107 mL−1) in polio virus production. Heating and freezing seem
to have no influence over its antiviral activity. Also, the protein does not display virucidal activity and does
not act on receptors on the cell membrane. The observations suggest an intracellular mechanism of action
and that the protein may act as a constitutive agent that affects the innate antiviral immune response.
easles
olio
nfluenza

. Introduction

Insects are regularly exposed to environmental contaminants.
everal studies have detected the presence of peptides, enzymes
nd metabolites in the hemolymph of insects that curb the pro-
iferation of bacteria and fungi. The immune response of insects to
acterial or fungal infections and to filarial or parasitoid infestations

s well documented (Gillespie et al., 1997; Carton and Nappi, 1997;
ultmark, 2003; Leulier et al., 2003). However, unlike vertebrates,

nsects have none of the well-characterized mechanisms for rec-
gnizing viruses or virus-infected cells. Antiviral agents have been

solated from different sources (Petricevich and Mendonça, 2003).
ntiviral activity from insect hemolymph (Chernysh et al., 2002)
ave also been described; however, antiviral defense and any inter-
ctions between antiviral and other antimicrobial defenses remain
nexplored (Popham et al., 2004). Similarly, the phenol oxidase, an
nzyme obtained from the tobacco budworm (Heliothis virescens)
emolymph, was reported to exhibit antiviral activity against sev-
ral vertebrate viruses in vitro (herpes simplex viruses types 1 and

, vesicular stomatitis virus, human parainfluenzavirus 3, coxsack-

evirus B3 and Sindbis virus) (Ourth and Renis, 1993). Interestingly,
opham et al. (2004) observed that, although HzSNPV, a wild-type
f virus of Helicoverpa zea single capsid nucleopolyhedrovirus, was
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E-mail address: zucatelli@uol.com.br (R.Z. Mendonça).
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© 2009 Elsevier B.V. All rights reserved.

substantially deactivated by H. virescens plasma, the level of inhibi-
tion was much lower than that observed against vertebrate viruses,
for which H. virescens is not the host. Recently, some studies have
demonstrated the presence of pharmacologically active substances
in the hemolymph of Lonomia obliqua (Maranga et al., 2003; Souza
et al., 2005; Raffoul et al., 2005; Mendonça et al., 2008). The supple-
mentation of cultures with hemolymph proteins has been reported
to have a positive effect on viral replication (Souza et al., 2005)
and on recombinant protein production (Mendonça et al., 2008).
Recently, Kanaya and Kobayashi (2000) isolated and characterized
a protein from silkworm hemolymph able to increase the activity
of a recombinant protein (luciferase) by approximately 6000 times.
Nevertheless, few studies have succeeded in isolating and charac-
terizing the factors involved in these effects (Nussbaumer et al.,
2000). These factors, once identified and isolated, can be of great
importance in the optimization of cell growth, viral replication or
recombinant protein production and can lead to more efficient cell
cultivations and to final products at lower costs. The objectives of
this work were the identification, isolation, characterization of the
hemolymph protein from L. obliqua and the evaluation of its antivi-
ral activity against human viruses.

2. Materials and methods
2.1. VERO cell cultures

VERO and MDCK cells were grown in plastic T-flasks or on multi-
well plates using Leibovitz-15 (L15) medium containing 0.9 g L−1

http://www.sciencedirect.com/science/journal/01663542
http://www.elsevier.com/locate/antiviral
mailto:zucatelli@uol.com.br
dx.doi.org/10.1016/j.antiviral.2009.07.018
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f d-galactose, 0.3 g L−1 of l-glutamine and supplemented with 5%
etal bovine serum (FBS). Viable cell counts were performed on
eubauer chambers using Trypan blue (0.05%) exclusion.

.2. Virus and cell infection

Influenza (H1N1), Polio (Sabin 1) and Measles (Edmonston)
iruses were used to determine the antiviral activity of the
emolymph. VERO cells were infected with the measles and polio
iruses and MDCK cells with the influenza virus on the 3rd day
ost-inoculation at an MOI of 0.1. End-point dilution assays were
erformed on 96-well microtiter plates to measure virus titers.

.3. Hemolymph collection

The hemolymph of L. obliqua was collected from sixth instar lar-
ae after setae had been cut off. The collected hemolymph was
larified by centrifugation at 1000 × g for 10 min. Afterwards, the
upernatant was heat-treated at 60 ◦C for 30 min. The heat-treated
emolymph was then filtered through a 0.2 �m membrane and
tored at 4 ◦C.

.4. Hemolymph fractionation by chromatography

After centrifugation and filtration, 1 mL of hemolymph was
oaded on a gel filtration chromatography system equipped with
Superdex 75 column (Amersham Pharmacia Biotech) and eluted
ith sodium phosphate buffer at 0.5 mL/min. The elution was mon-

tored at 280 nm and 0.5 mL fractions were collected. The protein
ractions were then analysed by SDS-PAGE electrophoresis and
dded to VERO and MDCK cell cultures for antiviral activity deter-
ination. The semi-purified fractions exhibiting antiviral activity
ere further fractionated on a Resource-Q ion exchange column

Amersham Pharmacia Biotech) at a flow rate of 1 mL/min and
luted with a linear gradient (0–100%) of Tris–HCl 20 mM/Tris–HCl
0 mM–NaCl 1 M, pH 8.0. All fractions collected were also added to

nfected VERO and MDCK cell cultures for antiviral activity deter-
ination.

.5. Effect of hemolymph on infected cells

In order to investigate the antiviral effect of the hemolymph
n measles, polio and influenza viruses, whole hemolymph and
emi-purified and purified hemolymph fractions (1, 3 and 5% (v/v),
espectively) were added to the culture medium at different times
1 h before infection, at the time of inoculation and 1 h after infec-
ion). Samples of the cell cultures were taken daily and analysed
o determine the percentage of cells with cytopathic effect and the
irus titers.

.6. Analytical procedures

.6.1. SDS-PAGE analysis
SDS-polyacrylamide gel electrophoresis (15%) was carried out

o analyse the whole hemolymph and each of its chromatographic
ractions. Protein standards from the LMW-SDS Marker Kit (Amer-
ham Pharmacia Biotech) were used. The electrophoresis was
arried out at 50 mA for 90 min. The gel was stained with Gel Code
lue Stain Reagent (Pierce, Rockford, IL).
.6.2. Flow cytometry
For the determination of the hemolymph effect on the infected

ells, flow cytometry analysis was performed. VERO cell cul-
ures at a concentration of 1 × 106 cells/mL were supplemented
ith hemolymph (whole at 1% and purified fractions at 5%) 1 h
earch 84 (2009) 84–90 85

prior to infection with the measles virus at an MOI of 0.1. Non-
supplemented VERO cell cultures were also carried out under the
same conditions. At 72 h post-infection, a sample of each type of
culture was collected, washed twice with PBS (pH 7.4) and cen-
trifuged at 800 × g for 5 min. The pellet was stained with IgG/FITC
anti-measles virus (Light DiagnosticsTM – Chemicon International).
After 10 min, cells were centrifuged (1000 × g/5 min) and the pellet
was resuspended in 1 mL of FACS buffer. Samples were processed on
a Becton Dickinson FACSort equipped with an Ar laser (excitation
and emission wavelengths were 488 and 620 nm, respectively). Ten
thousand events were analysed per sample and the percentage of
cells infected showing fluorescence was determined.

2.6.3. Hemagglutination
The antigen activity of the influenza virus was evaluated as

hemagglutinating activity (HA) as described by Rosen (1961). Serial
twofold dilutions of the antigen were made in PBS to a final vol-
ume of 0.05 mL/well. An equal volume of 0.5% guinea pig red blood
cells was added to each well and incubated at 37 ◦C for 60 min.
The hemagglutination unit (HAU) is defined as the reciprocal of the
highest dilution of the virus that causes complete agglutination.

2.6.4. Determination of the virus infectious dose
In order to determine the amount of virus produced in cultures

infected with the polio and measles viruses, in treated or not treated
culture, VERO cells culture were seeded at a concentration of 5 × 104

cells mL−1 on 96-well plates. After 24 h, these cells were infected
with the viruses from the infected cultures, at dilution rates of
10−1 to 10−10. The microwell plates containing polio-infected and
measles-infected cells were then incubated at 37 ◦C for 3 days and
5 days, respectively, as described by Griffiths and Thornton (1982).
Virus titers were determined by monitoring the cytopathic effect
(CPE) in an endpoint dilution assay. They were expressed as TCID50
(the highest dilution of virus able to induce CPE in 50% of cells) and
calculated by the method of Reed and Muench (1938).

2.6.5. Cytotoxicity activity
The cytotoxic effects of the hemolymph were assessed by using

a standard VERO cell assay. Briefly, exponential phase VERO cells
(day 3) were exposed to different amounts of hemolymph (0.5, 1, 2,
5 and 10%, v/v) and incubated for different at different times. Daily,
the supernatants were removed and the remaining living cells were
counted after being fixed and stained with crystal violet (0.2% in 20%
methanol). Cytotoxicity percentage values were calculated by the
formula: (Acontrol − Asample/Acontrol) × 100.

2.6.6. Statistical analysis
Data are expressed as the mean ± SD. Statistical analysis was

performed using the Student’s t-test and the level of significance
was set at p ≤ 0.05.

3. Results

3.1. Determination of the cytotoxicity of the hemolymph

In this study, the antiviral properties of the hemolymph of
L. obliqua (Hb) were examined. The well-known lethal and toxic
properties of its venom were tested by performing a cytotoxicity
assay. As described previously, VERO cells were exposed to different
amounts of hemolymph and the cytotoxicity was quantified. Fig. 1
shows the effect of the hemolymph on cell viability. Hemolymph

concentrations lower than 2% (v/v) were not toxic to VERO cells, as
high percentages of viable cells were observed throughout the three
experiments. In the other experiments, cell viability decreased as
the amount of Hb increased. On day 3, 25.5% and 49.2% reductions
in viable cells took place at 5% and 10% Hb, respectively. After 6 days,
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ig. 1. Effect of the hemolymph of Lonomia obliqua on the viability of VERO cells
xposed to different amounts of Hb. Daily, the supernatants were removed and the
emaining living cells were counted after being fixed and stained with crystal violet
0.2% in 20% methanol). Each point represents the mean value of three experiments.

00% of cells were dead in the culture supplemented with 10% of
b.

.2. Virus deactivation by the hemolymph

A proteolytic enzyme could be responsible for the virus deacti-
ating property of the hemolymph (Hb). In order to determine if the
b was able to directly deactivate the polio, influenza and measles
iruses, a standard inoculum of each virus was exposed to 1% (v/v) of
b and kept at room temperature for 2 h. The virus titers obtained
re presented in Table 1. While the fragility of the influenza and
easles viruses due to the ease degradation of the protein in their

nvelopes has been reported, the poliovirus is known to be very
esistant to degradation, even under non-ideal environmental con-
itions. As indicated in Table 1, the hemolymph seemed to have
o direct deactivating effect on the polio, measles and influenza
iruses.

.3. Hemolymph effect on the adsorption step

The supernatant of infected cultures was assayed for remaining
irus to analyse the effect of Hb on the adsorption step. VERO or
DCK cell cultures were supplemented with whole hemolymph

1%) at different times and infected with the polio, measles or
nfluenza at an MOI of 0.1. Non-supplemented cell cultures were
lso carried out under the same conditions. Two hours after infec-
ion, a sample of supernatant was harvested and titration was
arried out on 96-well plates containing VERO or MDCK cells to
ompare the amount of virus remaining in the supernatant of the
emolymph supplemented cultures to that in the control virus-

nfected culture. It was concluded that hemolymph does not hinder
he adsorption or penetration of the viruses by acting on mem-
rane cell receptors since the amount of virus remaining in the

upernatant of supplemented cultures after 2 h was similar to that
btained in the supernatant of the control culture. Considering that
o difference in virus titers in the supernatant between supple-
ented and the control non-supplemented cultures was observed,

t can be suggested that the hemolymph of L. obliqua does not avoid

able 1
irect deactivating effect of hemolymph on polio, measles and influenza viruses. The viru
h. Virus titers are expressed as TCID50 mL−1 or hemagglutinating units (HAU).

irus Initial virus titers Virus titers after 2 h (

olio 2.0 × 109 TCID50 mL−1 2.0 × 109 TCID50 mL−

easles 6.4 × 107 TCID50 mL−1 5.12 × 107 TCID50 mL
nfluenza 512 HAU 128 HAU

CID50: tissue culture infectious dose 50%; HAU: hemagglutinating unit.
he values represent the average of three experiments.
earch 84 (2009) 84–90

the adsorption or penetration of the virus into the cells via action
on the cell membrane.

3.4. Optimal conditions for cell treatment and infection

For the determination of the best time for hemolymph addition,
VERO and MDCK cell cultures were supplemented with 1% (v/v)
whole hemolymph at different times (1 h before infection and 1 h
after infection) and supplemented with a mixture of hemolymph
and virus, which had remained suspended for 2 h. The infection
of cells was performed with polio, measles or influenza viruses.
The virus titers obtained are exhibited in Table 2. The lowest
virus production was observed in cultures supplemented with 1%
hemolymph 1 h before infection. Since the hemolymph neither
directly deactivates viruses nor affects the adsorption step, the
mechanism of antiviral action may be intracellular. While the addi-
tion of hemolymph after infection caused reduction in the viral
production, the addition before infection led to much lower virus
titers. It suggests that the hemolymph may inhibit some important
mechanisms for viral replication or may stimulate a non-specific
mechanism of defense, such as interferon alpha. When hemolymph
was added 1 h prior to infection, the titer of measles virus produced
by VERO cells was approximately 65 times lower (from 97 × 106

TCID50 mL−1 in the control infected culture to 1.5 × 106 TCID50 mL−1

in the hemolymph supplemented culture). The polio virus titer
dropped from 15 × 108 TCID50 mL−1 (control infected culture) to
0.4 × 108 TCID50 mL−1 (supplemented culture), which corresponds
to a 157-fold reduction. Therefore, the smallest amount of virus
produced in the culture supplemented with hemolymph 1 h prior
to infection could indicate an intracellular mechanism of antiviral
action, which may be initiated before the virus is exposed to the
cell. The statistical analysis of the data showed that the difference
between the control and the hemolymph supplemented (1 h before
infection) cultures was significant (p = 0.0007).

Flow cytometric analysis was carried out to assess the
hemolymph effect on the percentage of virus-infected cells. Fig. 2
summarizes the data obtained through the analysis of flow cytom-
etry of VERO cells infected with the measles virus and stained
with FITC conjugated anti-measles antibody. It was observed that
96.24% of the cells exhibited fluorescence in the infected and non-
supplemented culture. As expected, the percentage of fluorescent
cells was not significant in the non-infected. In the virus-infected
cultures supplemented with hemolymph 1 h before infection,
77.35% of cells displayed fluorescence. While in the infected and
non-supplemented culture, 81.95% of cells show intense fluores-
cence, an approximately 2.5-fold lower percentage (34.63%) was
obtained in the hemolymph enriched culture (1 h before infection).
On the other hand, fluorescence was exhibited by 88.57% of cells
in the cultures supplemented after infection. Of these, 44.38% dis-

played intense fluorescence. Thus, hemolymph supplementation
was able to reduce the number of cells with intense fluorescence
by 50%. No morphological changes of VERO cells were observed
due to hemolymph addition to the infected cultures. FACs analysis
of VERO cells from cultures enriched with hemolymph before and

ses were exposed to 1% whole hemolymph (Hb) and kept at room temperature for

without Hb) Virus titers after Hb exposure – 2 h before infection

1 2.0 × 109 TCID50 mL−1

−1 6.4 × 107 TCID50 mL−1

256 HAU
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Table 2
Production of the polio, measles and influenza viruses in cell cultures infected at an MOI of 0.1 and supplemented with 1% (v/v) whole hemolymph and with a mixture of
hemolymph and virus. The virus titers are expressed as TCID50/mL or hemagglutinating units (HAU).

Poliovirus titers 48 h after
infection (TCID50 mL−1)

Measles virus titers 72 h after
infection (TCID50 mL−1)

Influenza virus titers 48 h after
infection (HAU)

Control infected culture 15 × 108 ± 9 × 108 97 × 106 ± 1.25 × 106 64
Hb 1 h after infection 1.6 × 108 ± 1.02 × 108 57 × 106 ± 1.47 × 106 16
Hb 1 h before infection 0.4 × 108 ± 0.7 × 107* 1.5 × 106 ± 0.8 × 106* 8
Hb and virus (previously in suspension for 2 h) 1.0 × 108 ± 2.0 × 108 19 × 106 ± 4.5 × 106 16
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CID50: tissue culture infectious dose 50%; HAU: hemagglutinating units.
he values represent the average of three experiments.

* p < 0.05.

fter infection showed similar profiles for cell size (FSC-volume-
xis) and cell granularity (the axis SSC-complexity/granulosity).

.5. Purification of whole hemolymph

Whole hemolymph was loaded onto a gel filtration column
Superdex 75) so that the protein responsible for antiviral activ-
ty could be identified. The semi-purified fractions obtained were
ollected, organized in three pools and tested with respect to their
ytotoxic effect on VERO cells. Cell viability was monitored daily
sing optical miscroscopy. The pools of the semi-purified protein
roved to be non-cytotoxic within the range of concentrations
ested (data not shown). The three pools were also added to VERO
ells cultures 1 h before infection to assess the effect of each over
iral replication. Viral titrations were performed at the end of the
ultures. The results for virus production are presented in Table 3
nd discussed below.

.6. Antiviral activity of the pools on the replication of the polio
irus

In order to study the antiviral effect of the semi-purified protein
n virus replication, each pool (1–3) was added to virus-infected cell
ultures at a concentration of 3% (corresponding to approximately
0 �g of total protein). Whole hemolymph and semi-purified frac-
ions (pools) were added 1 h before infection with the polio virus at

n MOI of 0.1. After 48 h, a sample was taken from each culture and
itrated on 96-well plates to determine virus titers. As shown in
able 3, the amount of virus produced in cultures supplemented
ith 1% whole hemolymph was approximately 74 times lower

ig. 2. Flow cytometric analysis of virus-infected VERO cells stained with FITC
onjugated antibody using indirect immunofluorescence. VERO cell cultures at a
oncentration of 1 × 106 cells/mL were supplemented and not supplemented with
hole hemolymph (1%) 1 h before and after infection with the measles virus at an
OI of 0.1 (p = −0.0001).
than that obtained in the control infected culture. The final virus
titer in the culture enriched with pool 2 (0.32 × 108 TCID50 mL−1)
was approximately 87 times lower than that in the control culture
(28 × 108 TCID50 mL−1). Thus, these data suggested that the protein
responsible for the antiviral activity of the hemolymph of L. obliqua
is present in pool 2.

3.7. Antiviral activity of the pools on the replication of the
measles virus

The same routine was followed as in the experiment with the
polio virus. After 72 h post-infection, a sample was taken from each
culture and titrated on 96-well plates to determine virus titers. Like
the experiments carried out with the polio virus, both measles-
infected cell cultures supplemented with whole hemolymph and
pool 2 showed a decrease in virus production (1.7 × 106 and
2.24 × 106 TCID50 mL−1, respectively) in comparison to the con-
trol infected culture (1.63 × 107 TCID50 mL−1), indicating, once
again, that the protein responsible for the antiviral activity of the
hemolymph of L. obliqua was present in pool 2.

3.8. Antiviral activity of the pools on the replication of the
influenza virus

The same routine was followed as in the experiments discussed
above. As indicated in Table 3, virus production was reduced from
64 HAU to 8 HAU in the influenza virus-infected culture enriched
with pool 2, which corresponds to an eightfold reduction. A similar
result was obtained when whole hemolymph was added, indicat-
ing that the hemolymph of L. obliqua has a potent antiviral activity
against enveloped and non-enveloped viruses.

3.9. Purification of pool 2 and assessment of antiviral activity of
purified fractions against polio virus production

An additional chromatographic step was carried out for the iden-
tification of the protein from pool 2 responsible for the antiviral
effect. A 1 mL sample of the pool was loaded onto a Resource-Q
ion exchange column. Afterwards, 5% (about 10 �g) of each of the
three purified pools obtained (RQ 3–5, RQ 19–25 and RQ 13–18) was
added to cell cultures 1 h before infection with the polio virus at an
MOI of 0.1 to determine which one exhibited the antiviral activ-
ity observed. After 48 h, a sample was taken from each culture and
titrated on 96-well plates for the determination of virus produc-
tion. The final virus titers for the control culture and the cultures
enriched with each of the purified fractions are shown in Table 4.
The supplementation of the infected culture with the fraction RQ
3–5 resulted in a 61-fold reduction in the final virus titer (from

28 × 108 TCID50 mL−1 in the control infected culture to 0.46 × 108

TCID50 mL−1). On the other hand, statistically similar virus titers
were observed in the RQ 13–18, RQ 19–25 and control experiments
(37 × 108, 31 × 108 and 28 × 108 TCID50 mL−1), indicating that no
inhibition of viral replication took place. Thus, it was concluded that
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Table 3
Production of the polio, measles and influenza viruses in cell cultures enriched with whole hemolymph (1%) and each pool of protein (3%) 1 h before infection at an MOI of
0.1. The virus titers are expressed as TCID50/mL or hemagglutinating units (HAU).

Poliovirus titers 48 h after
infection (TCID50 mL−1)

Measles virus titers 72 h after
infection (TCID50 mL−1)

Influenza virus titers 48 h after
infection (HAU)

Control infected culture 28 × 108 ± 18 × 108 1.63 × 107 ± 1.25 × 106 64
Hb 0.37 × 108 ± 2.1 × 107* 1.7 × 106 ± 4.15 × 105* 8
Pool 1 8.9 × 108 ± 5.84 × 106 1.0 × 107 ± 8.39 × 106 64
Pool 2 0.32 × 108 ± 2.66 × 107* 2.24 × 106 ± 2.67 × 106* 8
Pool 3 7.81 × 108 ± 2.19 × 108 1.0 × 107 ± 2.95 × 107 64

TCID50: tissue culture infectious dose 50%; HAU: hemagglutinating units.
The values represent the average of three experiments.

* p < 0.05.

Table 4
Production of the polio, measles and influenza viruses in cell cultures enriched with 5% of each Pool 2 fractions 1 h before infection at an MOI of 0.1. The virus titers are
expressed as TCID50/mL or hemagglutinating units (HAU).

Poliovirus titers 48 h after
infection (TCID50 mL−1)

Measles virus titers 72 h after
infection (TCID50 mL−1)

Influenza virus titers 48 h
after infection (HAU)

Control infected culture 28 × 108 ± 10 × 108 33 × 106 ± 12 × 106 128
RQ 3–5 0.46 × 108 ± 1.42 × 107* 0.2 × 106 ± 1.5 × 105* 2
RQ 13–18 37 × 108 ± 21 × 108 1.8 × 107 ± 4.5 × 106 64
RQ 19–25 31 × 108 ± 1.00 × 102 37 × 106 ± 2.09 × 107 128
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CID50: tissue culture infectious dose 50%; HAU: hemagglutinating units.
he values represent the average of three experiments.

* p < 0.05.

he protein responsible for the antiviral activity of the hemolymph
f L. obliqua was present in the purified fraction RQ 3–5.

.10. Assessment of antiviral activity of purified fractions against
easles and influenza viruses

The antiviral activity of the purified fractions were also tested
gainst the measles and influenza viruses. Similarly, 5% of each puri-

ed fraction (3–5 RQ, RQ 19–25 and 13–18), was added to infected
ERO or MDCK cell cultures 1 h prior to infection. After 72 h, a
ample was taken and analysed as described above. As shown in
able 4, the addition of fraction 3–5 RQ caused a 157-fold decrease
n measles virus titers in comparison to those in the control culture.

ig. 3. SDS Polyacrylamide gel electrophoresis (SDS-PAGE) of 15% of the fraction with
ntiviral activity (Pool 2 and RQ 3–5). The arrow indicates the band of approximately
0 kDa.
Like the experiments carried out with the polio virus, the use of
fractions RQ 19–25 and 13–18 did not seem to affect the viral repli-
cation of measles, since statistical similarity was observed among
the virus titers obtained in these cultures and the control culture
(3.7 × 107, 1.8 × 107, 3.3 × 107 TCID50 mL−1, respectively). When the
purified fraction RQ 3–5 was added to the influenza-infected cell
culture, virus production was reduced from 128 HAU to 2 HAU.
According to Tables 3 and 4, the purified protein RQ 3–5 proved
to be more effective in reducing influenza virus production than
whole hemolymph or pool 2 fraction, which contained the antiviral
protein.

3.11. Identification of the antiviral protein

The purified RQ fraction 3–5 proved to be the most effective
in reducing the replication of the polio (Sabin 1 strain), measles
(Edmonston strain), and influenza (H1N1) viruses of all the fractions
tested against viral replication. Polyacrylamide gel electrophoresis
was performed to assess protein purity. A protein with a molecu-
lar mass of approximately 20 kDa was identified by electrophoresis
(Fig. 3). The molecular mass of the protein, 20.232, was determined
using a MALDI-TOF mass spectrometer (data not shown).

4. Discussion

The cytotoxicity was defined by Nardone (1977) as the set of
changes in cellular homeostasis that leads to a series of changes that
interfere with the adaptive capacity of the cells and their survival,
their proliferation and the metabolic performance of their duties.
The intensity of cell damage depends on several factors, such as the
concentration of the material tested, the time of exposure, the type
of cell, the ability of the compound to penetrate the cell, among
others (Hu and Hsiung, 1989). In this study, it was found that the
whole hemolymph of L. obliqua at concentrations below 2% and its

purified fractions within the range of concentrations tested have no
deleterious effect on VERO cells.

Petricevich and Mendonça (2003), Karagöz et al. (2003), Ourth
(2004) and Olicard et al. (2005) have carried out studies to identify
substances with antiviral activity. These authors stress the impor-
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ance of the identification of agents that show no toxicity to cells
o that their application is feasible.

Whereas the poliovirus is a non-enveloped, positive-stranded
NA virus, the influenza and measles viruses are enveloped,
egative-stranded RNA viruses. These differences have led to initial
tudies, which have aimed to determine and characterize a possible
irect effect of hemolymph proteins on viruses and more specifi-
ally on the structure of the viral particles. Popham et al. (2004)
ave reported significant reduction in the titers of the baculovirus
zSNPV due to the action of an antiviral protein present in the
emolymph of H. virescens larvae. This protein shows an oxidative
ctivity, catalyzed by a phenoloxidase. Therefore, it seems there-
ore, it seems possible that the antiviral activity exhibited by the
emolymph of L. obliqua in the present study may be also due to
virus-degrading enzyme. Nakayama et al. (1993) and Song et al.

2005) found that tea polyphenols and green tea catechins, respec-
ively, acted directly on the influenza virus envelope, indicating that
ther compounds in natural extracts could be also involved in the
ntiviral action.

Olicard et al. (2005) observed that preincubation of the mammal
irus HSV-1 and fish virus IPNV (infectious pancreatic necro-
is virus), both non-enveloped with a RNA genome, with the
emolymph of Crassostrea gigas did not neutralize the viral parti-
les. Exposure of the measles virus to rattlesnake venom also did not
esult in the inactivation of the virus (Petricevich and Mendonça,
003), corroborating the data obtained in the present study.

The mechanism of action of the hemolymph of L. obliqua against
ifferent viruses appears not to be direct, since in vitro incubation
f viruses with Hb for 2 h (at 20 ◦C) did not yield significant differ-
nce in virus titers. Previous treatment of cells with hemolymph
id not affect the subsequent virus penetration, once the amount
f virus in the supernatant collected 2 h post-infection was similar
o that observed in the control infected culture. This would seem
o militate against the mechanisms whereby the uncharacterized
actor interferes with the infective process by blocking a required
eceptor, which could render the virus more resistant to the initial
nfection. Since the hemolymph neither directly deactivates viruses
or affects the adsorption step, the mechanism of antiviral action
ay be intracellular. Chernysh et al. (2002) have come to a sim-

lar conclusion in a study of the hemolymph of Calliphora vicina
a species of fly). These authors isolated two peptides—alloferon

and 2 which control viral infection by triggering intracellular
hen added before infection. The addition of L. obliqua hemolymph

fter infection also reduced viral production, but not as much as
he addition prior to infection (Table 2). However, Olicard et al.
2005) observed that the addition of the hemolymph of C. gigas
o VERO cell cultures prior to infection with the virus HSV-1 did
ot affect subsequent infection. Thus, the inhibitory action of the
emolymph on virus replication may be through the activation of a
on-specific antiviral mechanism such as IFN-�. Recently, Cruz et al.
2005) have demonstrated the ability of Crotalus durissus terrificus
enom to induce the production and liberation of NO and cytokines
s well to interfere with morphological, functional, and biochemical
hanges in murine macrophages. NO (nitric oxide), a free radical gas
nd a small molecule mediator of inflammation, is critical to innate
mmunity. Also, IFN-� and nitric oxide are recognized as principal

ediators of bacterial control in mycobacterial infections (Cooper
t al., 2002), are regulators of Trypanosoma cruzy infections (Costa
t al., 2006) and have an important role in cell defense against oth-
rs external agents, such as fungi and viruses. We observed that the
emolymph of L. obliqua interferes with NO production (data not

hown), which indicates that it can modulate innate immunity. For
xample, IFN-� and -� are the main cytokines for innate immune
esponses against viral infections (Ohno et al., 2004) and are an
xtremely powerful antiviral response that is capable of controlling
ost, if not all, virus infections in the absence of adaptive immu-
earch 84 (2009) 84–90 89

nity (Randall and Goodbourn, 2008). Interferons (IFNs) are secreted
from cells infected with viruses. Both IFN-� and -� can induce an
antiviral state in cells through the Janus kinase-signal transducers
and activators of transcription, the JAK/STAT pathway (Stark et al.,
1998). They induce an antiviral state in the cell through complex and
indirect mechanisms, which culminate in a direct inhibition of viral
replication (Tan and Katze, 2001). The induction of IFNs during viral
infection is mediated by a coordinate activation of multiple cellu-
lar transcription factors such as interferon regulatory factors (IRFs),
NF-�B, and c-Jun/ATF-2 (Wathelet et al., 1998). The mechanism of
the hemolymph of L. obliqua responsible for the inhibition of viral
replication is not known. Once the Hb acts on the production of NO,
known to be an agent that interferes with innate immunity, it is
possible that the hemolymph protein may also act by activating the
IFN-� and -� in the cells. A study is now under way to investigate
the mechanism suggested.

Extracts of crustacean tissues have showed broad spectrum
antiviral activity against enveloped and non-enveloped DNA and
RNA viruses, probably through multiple inhibitors contained in
the extracts (Pan et al., 2000). There are also other proteins and
peptides within a broad range of molecular weights that exhibit
antiviral activity. For instance, Concanavalin A, a high molecu-
lar weight lectin with activity against HSV-1, was extracted from
the bean Canavalia ensiformis (Garrity et al., 1982). A protein of
approximately 24 kDa isolated from the hemolymph of silkworm
Bombyx mori was responsible for inhibiting nucleopolyhedrovirus
(Nakazawa et al., 2004). Hultmark et al. (1980) have reported
some antimicrobial properties of a protein of 15 kDa isolated from
Hyalophora cecropia caterpillars. The alloferon, a 12.65 kDa pro-
tein purified from the hemolymph of the fly C. vicina, effectively
inhibited influenza viruses A and B reproduction by triggering intra-
cellular responses when added before virus infection similarly to
the interferons of vertebrates (Chernysh et al., 2002). An antiviral
peptide of 916 Da, isolated from H. virescens hemolymph, provided
protection for cultures of cells when added before virus infection,
suggesting that its antiviral activity is due to its entry into cells
before infection and, once there, where infection takes place, it
inhibits mechanisms of assembly and/or budding and subsequent
exit of new viral particles from the cell, probably by internally con-
necting the regions of the plasma membrane (Ourth, 2004). The
approximately 20 kDa protein purified from the hemolymph of L.
obliqua proved to be able to inhibit the replication of all the viruses
tested when added to cultures 1 h before infection, indicating that it
may act either on the steps of the cycle of replication of viruses that
occur intracellularly, similarly to alloferon, or on the late stages of
virus infection, similarly to the peptide extracted from H. virescens.
It was also observed that the hemolymph did not display any viru-
cidal effect, suggesting that it may act on different stages of virus
replication, but it seems to be unable either to inhibit the stages
before reaching the target cell or to prevent the process of adsorp-
tion.

In this study, we have demonstrated the antiviral activity of the
hemolymph of L. obliqua against human viruses in vitro. The proto-
cols used provided enough evidence to suggest its antiviral activity.
We are currently working on the expression of the protein isolated
from the hemolymph in a baculovirus system.
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