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Bovine Lactoferrin Inhibits Adenovirus Infection by Interacting with
Viral Structural Polypeptides
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We recently demonstrated that lactoferrin, an antimicrobial glycoprotein, can inhibit adenovirus infection by
competing for common glycosaminoglycan receptors. This study further characterizes the antiadenovirus
activity of the protein, thus demonstrating that lactoferrin neutralizes infection by binding to adenovirus
particles and that its targets are viral III and IIIa structural polypeptides.

Lactoferrin is a multifunctional glycoprotein that possesses a
variety of physiological roles, such as promotion of iron ab-
sorption (26), immunomodulation (16), and inhibiting activity
toward different pathogens (14, 16, 24, 26, 32–34), including
viruses (1, 2, 7, 9–13, 17–19, 21, 25, 28–30, 38). For all viruses
investigated to date, lactoferrin exerts its antiviral activity dur-
ing the early phases of infection. Recently, we demonstrated a
competition between bovine lactoferrin (bLf) and adenovirus
for the attachment to cell membrane glycosaminoglycans, even
though a binding between lactoferrin and viral particles could
not be ruled out (6). The present study provides deeper insight
into the mechanism of the antiadenoviral action of bLf, dem-
onstrating that this glycoprotein also exerts its antiadenoviral
activity by a direct interaction with adenovirus particles.

Human epidermoid carcinoma larynx (HEp-2) cells, ob-
tained from the American Type Culture Collection (ATCC),
and human adenovirus type 2 were grown as previously de-
scribed (2). Viral particles were purified according to the meth-
ods of Wadell and coworkers (35).

bLf (Morinaga Milk Industry) and heparin (Sigma, 170 USP
U/mg) were dissolved in phosphate-buffered saline (PBS; pH
7.2). bLf was biotinylated according to the manufacturer’s in-
structions (Amersham). Dot blot assays were carried out by
applying 50 �l of purified adenovirus, heparin, or PBS to ni-
trocellulose paper and using a Bio-Dot apparatus according to
the manufacturer’s instructions (Bio-Rad). Air-dried mem-
branes were blocked in block solution, washed with PBS con-
taining 0.1% Tween 20, and then incubated with biotinylated
bLf. After washings in PBS containing 0.1% Tween 20, strepta-
vidin-horseradish peroxidase (streptavidin-HRP) conjugate was
added to the blot. Blot was revealed by an enhanced chemilumi-
nescence kit (Amersham Biosciences) and the 3,3�,5,5�-tetra-
methylbenzidine (TMB) substrate kit for peroxidase (Vector Lab-
oratories) according to the manufacturer’s instructions.

Neutralization of adenovirus binding to cells was carried out
by incubating lactoferrin with adenovirus for 1 h at 37 or 4°C.

The suspensions were then added to cells for 1 h at 4°C. Viral
antigen synthesis was monitored 24 h after infection (37°C) by
immunofluorescence as previously described (2). Statistical
analysis was performed using the Student’s t test for unpaired
data. P values of �0.05 were considered significant.

Adenovirus proteins were resolved by sodium dodecyl sul-
fate–10% polyacrylamide gel electrophoresis (SDS-PAGE)
(15) under denaturing conditions as described by Wadell and
coworkers (36). Coxsackievirus proteins were resolved by
SDS–15% PAGE (15). Electrophoretic transfer of proteins
onto nitrocellulose membranes was carried out by using a
Semi-Dry transfer cell (Bio-Rad) according to the manufac-
turer’s protocol. After incubation for 1 h at 37°C with biotin-
ylated bLf diluted in PBS, the reaction was revealed by the
enhanced chemiluminescence and TMB substrate kits as re-
ported above.

Biotinylated bLf binding to adenovirus was visualized by
transmission electron microscopy by utilizing a streptavidin–
10-nm gold conjugate (Sigma).

As a preliminary step—to verify whether lactoferrin was able
to bind to adenovirus—purified viral particles and relative
buffer were fixed to nitrocellulose membranes and probed with
biotinylated bLf. Heparin was used as positive control. Results
of dot blot assays, shown in Fig. 1, demonstrated that biotin-
ylated bLf specifically reacted with both intact virions and
heparin.

To then assess whether lactoferrin interaction with viral par-
ticles could produce a neutralization of infection, experiments
were carried out in which lactoferrin and adenovirus were
preincubated for 1 h before addition to the cells. Controls, in
which cells were pretreated with lactoferrin for 1 h before
infection, were included. The results obtained showed that
preincubation of HEp-2 cells with bLf produced an inhibition
of viral infection of about 60%, whereas when bLf and adeno-
virus were mixed together for 1 h and then added to the cells,
viral antigen synthesis was inhibited by about 95% (Fig. 2).

In order to better characterize the binding of bLf to viral
particles, adenovirus-extracted proteins were separated by
electrophoresis and Western blot assays were performed. In
these experiments, coxsackievirus B3-extracted proteins were
included as control. As shown in Fig. 3, biotinylated lactoferrin
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reacted with two adenovirus proteins of 85 and 66 kDa (panel
A), corresponding to III and IIIa polypeptides (panel A, lane
3), respectively, whereas no interaction with coxsackievirus B3
outer proteins was detected (panel B, lane 3).

Finally, the binding of lactoferrin to adenovirus particles was
visualized by transmission electron microscopy. Figure 4 shows
a negative-stained biotinylated lactoferrin-treated adenovirus
particle specifically labeled with streptavidin-gold. The 10-nm
gold particles appear to be located in proximity to the vertex.

It is well known that breast feeding protects against both
respiratory and gastrointestinal infections in infants (20, 22).
This protection is conferred through different mechanisms, as
milk—besides immunoglobulins A and M—also contains non-
antibody components with antimicrobial activity (8, 16, 20, 23,
24). On the basis of this observation, we analyzed the antiviral
activity of one of these components, lactoferrin, on different
respiratory or enteric viruses (2, 6, 18, 28, 29). Recently, we
showed that bLf prevents adenovirus infection by competing
with viral particles for cell membrane glycosaminoglycans in-
serted in target cell membranes (6). In the present study, we
explored the possibility of a direct lactoferrin virus interaction
in an attempt to better characterize the mechanism of the
antiadenoviral activity of lactoferrin. For this purpose, a set of
experiments was first carried out to verify a possible interaction
of bLf with viral particles. Results from dot blot experiments
demonstrated that bLf binds either heparin or adenovirus.
Experiments on neutralization of virus attachment to target
cells indicated that lactoferrin exerts its antiadenoviral action
not only by competing with the virus for binding to a common
cell receptor but also by specifically binding to viral particles.
In particular, our results demonstrated that the incubation of
HEp-2 cells with bLf before virus infection is not sufficient to

totally prevent adenovirus infection—probably because the vi-
rus can also infect these cells by utilizing receptors other than
glycosaminoglycans (27). As preincubation of viral particles
with lactoferrin before infection resulted in a 95% inhibition of
viral antigen synthesis, other experiments have been carried
out to analyze the interaction of bLf with viral proteins.

The adenovirus shell is composed of 252 capsomeres: 240
hexons and 12 pentons (each containing a base and a project-
ing fiber). Electrophoretic analysis of viral proteins revealed
different polypeptides—in particular, polypeptides II, III, and
IV form the hexon, the penton base, and the fiber protein,
respectively, and polypeptide IIIa is associated with hexon
units surrounding the penton (27). Adenovirus 2 binds to cells
through the interaction of the head domain of its fiber protein
with a 42-kDa glycoprotein receptor, termed coxsackievirus
and adenovirus receptor (3, 31), and is internalized through
the interaction of the penton base protein with integrins (37).
Recently, it has been demonstrated that heparan sulfate gly-
cosaminoglycans (HS GAGs) expressed on cell surfaces are
involved in the binding and infection of adenovirus 2 and 5 (4),
although the viral structure responsible for adenovirus inter-
action with HS GAGs has not been identified (5). Our results
from Western blot analysis demonstrated that bLf specifically
binds to viral proteins and, in particular, to the adenovirus
penton base. bLf-virus interaction was visualized by negative-
stain electron microscopy, which showed that bLf interacts
with adenovirus particles by binding to external viral struc-
tures. In conclusion, the data reported in this paper, together
with our previous findings, demonstrate that, in spite of the
adenovirus ability to use different receptors—such as coxsack-
ievirus and adenovirus receptor, integrins, and HS GAGs—to
infect host cells, lactoferrin is able to prevent at least two of
these virus-cell interactions. Taken together, our findings pro-

FIG. 1. Dot blot assay. Purified adenovirus particles (a), heparin
(b), and PBS (c and d) were directly applied to the nitrocellulose
paper, incubated with biotinylated bLf, and then incubated with
streptavidin-HRP. Reaction was revealed by the enhanced-chemilumi-
nescence kit and TMB kit.

FIG. 2. Effect of 1 mg of bLf per ml on adenovirus antigen synthe-
sis. Lactoferrin was incubated with the virus (1 h, 37 or 4°C) or with the
cells (1 h, 37 or 4°C) before the viral adsorption step (1 h, 4°C). Virus
antigen synthesis was monitored 24 h after infection by immunofluo-
rescence. The data represent the mean of at least quadruplicate sam-
ples. For each sample, 600 cells were examined.
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vide further evidence that lactoferrin is an excellent candidate
in the search for natural antiviral agents, as it mainly acts by
hindering viral adsorption and internalization into the cells
through a specific binding to both virus cell receptors and viral
particles.
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