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Among the adeno-associated virus (AAV) serotypes which are discussed as vectors for gene therapy AAV type
5 (AAV5) represents a candidate with unique advantages. To further our knowledge on AAV5-specific char-
acteristics, we studied the entry pathway of wild-type virus in HeLa cells in the absence of helper virus by
immunofluorescence and electron microscopy and by Western blot analysis. We found virus binding at the
apical cell surface, especially at microvilli and, with increasing incubation time, virus accumulation at cell-cell
boundaries. The different binding kinetics suggest different binding properties at apical versus lateral plasma
membranes. Endocytosis of viruses was predominantly by clathrin-coated vesicles from both membrane
domains; however, particles were also detected in noncoated pits. AAV5 particles were mainly routed to the
Golgi area, where they could be detected within cisternae of the trans-Golgi network and within vesicles
associated with cisternae and with the dictyosomal stacks of the Golgi apparatus. These data suggest that AAV5
makes use of endocytic routes that have hitherto not been described as pathways for virus entry.

Adeno-associated viruses (AAVs) are small, nonenveloped
parvoviruses which depend on a viral helper for productive
infection (for a review see reference 8). Up to now, six primate
serotypes (AAV type 1 [AAV1] to AAV6) have been reported
(2, 11, 50, 53).

Most of the experimental data derived from work with
AAV2 (for reviews see references 8 and 36). In the absence of
a helper virus wild-type AAV2 integrates in a site-specific
manner into human chromosome 19 and establishes a latent
infection (34, 51). Site specificity requires expression of one of
the large nonstructural AAV2 Rep proteins (1, 58). In the
absence of Rep proteins concatemers or interlocked circles
may form and can persist in an episomal form, thus mediating
long-term expression in vivo (18, 60). Because of these prop-
erties and the broad host ranges of the viruses and because no
AAV-based pathology has been shown (for reviews see refer-
ences 8 and 36), these viruses are being tested as gene therapy
vectors (for reviews see references 24, 42, and 54). However,
the use of AAV2 vectors also involves disadvantages as not all
target cells are permissive for AAV2 (46, 66) and a significant
level of immunity exists in human populations (20, 21, 40).
Furthermore, neutralizing antibodies block readministration
of AAV2-derived vectors in animals (7, 13, 26, 39). Thus efforts
have been made to test other AAV serotypes to overcome
these difficulties 9, 12, 43, 50, 65, 67; for a review, see reference
23).

Among these serotypes AAV5 is a candidate with a number
of advantages: (i) AAV5 has been shown to infect target cells
that are of interest for gene transfer but that are not permissive

for AAV2 (14, 67), (ii) it is only distantly related to all other
known serotypes (2, 11), and (iii) it represents the only sero-
type originally isolated from human material and not from
helper adenovirus stocks (3, 21). Since virtually nothing is
known about the uptake and intracellular trafficking of AAV5,
we investigated the entry pathway of this virus using the well-
established human HeLa cell line, which is known to allow
propagation of AAV5.

MATERIALS AND METHODS

Cells and culture. HeLa cells were grown as monolayers in Dulbecco’s mini-
mal essential medium (Sigma) supplemented with 10% fetal calf serum, penicil-
lin-streptomycin, and glutamine (Gibco-BRL, Paisley, Scotland) at standard con-
centrations.

Virus and virus infection. AAV5 was propagated in HeLa cells with the helper
adenovirus type 2 and was purified using ammonium sulfate precipitation and
ultracentrifugation as described previously (3). The infectious titer was deter-
mined by dot blotting HeLa cells that had been coinfected with AAV5 serially
diluted by a factor of 10 and constant amounts of adenovirus type 2 (helper virus)
on GeneScreen filters (NEN, Cologne, Germany). The filters were hybridized
with radiolabeled AAV5 DNA (4). Physical particle titers were determined by
estimating AAV5 DNA amounts from agarose gels. They were on the order of
103 times the infectious titer.

Infection with a dose of 102 to 103 infectious AAV5 particles/cell (correspond-
ing to 105 to 106 physical particles) was at 37°C for various periods of time (20
min, 45 min, 90 min, 3 h, 6 h, and 22 h). For infection periods longer than 90 min
the inoculum was removed and, after three washes, was replaced by fresh me-
dium.

Antibodies. Mouse monoclonal antibodies against AAV5 capsids (clone B4)
and rabbit polyclonal antisera against Golgi �-mannosidase II (ManII) are de-
scribed elsewhere (21, 59). Mouse monoclonal antibody B1 (64) (a kind gift from
J. Kleinschmidt, Deutsches Krebsforschungszentrum Heidelberg), which recog-
nizes the capsid proteins of all AAV serotypes in Western blots, was used for
immunoblot reactions. Mouse monoclonal antibodies against human EEA1 were
from Transduction Laboratories, and the secondary antibodies Alexa 488 anti-
mouse and Cy3 antirabbit were from Dianova (Hamburg, Germany). Horserad-
ish peroxidase-coupled goat anti-mouse antibodies used for enhanced chemilu-
minescence detection in Western blots and goat anti-mouse antibodies coupled
to 5-nm gold-particles used in immunoelectron microscopy were from Amer-
sham Life Science.
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Immunofluorescence. For immunofluorescence HeLa cells were grown on
coverslips. At various times postinfection (p.i.) the cells were fixed either at
�20°C in 100% methanol (10 min) followed by 100% acetone (a few seconds) or
in 2.5% formaldehyde in phosphate-buffered saline (PBS; freshly prepared from
paraformaldehyde), pH 7.2, at room temperature for 15 min. Formaldehyde
treatment was followed by three washes with 50 mM ammonium chloride (in
PBS) to block free aldehyde groups, and cells were treated for permeabilization
with 0.1% saponin in PBS (5 min). Fluorescence imaging micrographs were
taken with an Axiophot microscope (Carl Zeiss, Jena, Germany). Confocal laser
scanning microscopy was performed using an LSM510 apparatus (Carl Zeiss,
Oberkochen, Germany). For double fluorescence an argon ion laser (488 nm)
and an HeNe laser (543 nm) with corresponding barrier filters in the double-
track mode of the instrument (i.e., each scan line was alternatively illuminated
with only one wavelength) were used.

All antibodies were diluted in PBS (anti-AAV5 capsids, 1:200; anti-EEA1,
1:50, anti-ManII, 1:400; Cy3 antirabbit, 1:150; Alexa 488 antimouse, 1:250).
Incubation with antibodies (30 min each) and washings (three times between
each step with PBS) were done at room temperature. Air-dried coverslips were
mounted with Elvanol.

Transmission electron microscopy. HeLa cells grown on coverslips were in-
fected with AAV5 for various periods of time (as indicated above) and were fixed
at room temperature in 2.5% glutaraldehyde (in 50 mM cacodylate buffer [pH
7.2], 50 mM KCl, 2.5 mM MgCl2) for 30 min, followed by 1 h in 2% OsO4 (in 50
mM cacodylate buffer) and by overnight treatment with 0.5% aqueous uranyl
acetate prior to dehydration and embedding (32).

Electron-microscopic immunolocalization. For preembedding immunolocal-
ization, infected HeLa cells were fixed with formaldehyde as described above for
immunofluorescence except that the formaldehyde concentration was raised to
3% and fixation was for 20 min. For permeabilization, 0.05% saponin was used
for 3 min. The monoclonal anti-AAV5 capsid antibody was applied for 2 to 4 h
followed by an overnight incubation with the diluted (1:5 in PBS) gold-labeled
secondary antibody. After three washes with PBS the cells were fixed as de-
scribed for routine electron microscopy (32, 33).

Negative staining. For negative staining of diluted AAV5 preparations we
used freshly glow-discharged, carbon-coated grids and 2% uranyl acetate in
aqueous solution.

Western blotting. Infected cells were washed twice with cold PBS containing a
cocktail of serine- and cysteine-inhibiting proteases (Roche, Mannheim, Ger-
many) suited for the protection of proteins isolated from animal tissues. The cells
were scraped off the dish using sodium dodecyl sulfate (SDS) sample buffer (35)
containing 0.1% Benzonase (Merck), carefully homogenized, heated, and sepa-
rated by SDS-polyacrylamide gel electrophoresis (35). The separated proteins
were electroblotted onto polyvinylidene difluoride membranes. Blocking (30
min) and incubation with the primary and secondary antibodies (60 min each)
were carried out in 5% fat-free milk in PBS. Washings were done in 0.3% Tween
20 in PBS. Detection of the immunoreaction was performed using the ECL
system (Amersham).

RESULTS

To study the entry pathway of AAV5, we infected HeLa cells
with 102 to 103 infectious particles (corresponding to 105 to 106

physical particles) per cell. As revealed by negative staining the
AAV5 preparation used for the studies consisted of a homog-
enous population of intact virus particles uniformly about 23
nm in diameter (Fig. 1a). Empty capsids were only rarely
detected. To ascertain AAV5 identity of the small particles on
the cellular background, we performed immunoelectron mi-
croscopy (Fig. 1b to f) using gold-labeled secondary antibodies.
AAV5 particles (Fig. 1) could be identified as single particles
or densely clustered particles on microvilli (Fig. 1b to d), in
coated pits (Fig. 1e) and coated vesicles (Fig. 1f), and on the
cell surface (Fig. 1f). Within the cell, detection of gold-labeled
virus particles proved difficult when the targets were cellular
structures surrounded by a distinct membrane. Since the in-
tegrity of membranes is affected by the saponin treatment
required to allow access of the antibodies, detection of gold
label is associated with more or less damaged organelles. Ex-

amples of disintegrated structures representing early endo-
somes and lysosomes with some gold label indicating AAV5
particles are shown in Fig. 1g to i. Figure 1g to i also indicate
that, although morphology is affected, the gold localization is
specific for AAV5 particles (Fig. 1b to i), and thus cellular
structures of comparable size (e.g., free or membrane-bound
ribosomes) and others were not labeled (Fig. 1h and i).

When HeLa cells were incubated with AAV5 for various
periods of time and were then analyzed by immunofluores-
cence microscopy, staining could be seen at different cellular
locations (Fig. 2). Within 20 and 90 min p.i. staining intensity
increased at the cell periphery, suggesting predominant virus
binding at cell-to-cell boundaries (Fig. 2a to c). In addition a
more dotted distribution of fluorescence signals over the entire
cell surface was seen (Fig. 2b and c). After 6 h, the signals at
the cell peripheries were markedly reduced but staining was
still spread over the entire cell (Fig. 2d). In some cells, con-
centration of fluorescence signals in cap-like structures in a
juxtanuclear position was also seen (Fig. 2d). At 22 h p.i. these
perinuclear caps exhibited the predominant signals in almost
all cells (Fig. 2e). In addition, very faint fluorescence signals
could be seen occasionally at the nuclear membrane (Fig. 2e),
but no AAV5-specific immunostaining was detected within the
cell nucleus.

To further characterize the cellular compartment which ac-
counts for the perinuclear caps, we performed double-label
confocal laser scanning microscopy at 2 and 22 h p.i. using
antibodies specific for the medial cisternae of the Golgi appa-
ratus (Golgi ManII) and against AAV5 capsids (Fig. 3). At 2 h
p.i. the distributions of fluorescence signals for AAV5 capsids
and ManII clearly differed (Fig. 3a to c), but at 22 h p.i. (Fig.
3d to f) the merged signals showed some colocalization in
cap-like structures located close to the cell nucleus, suggesting
that AAV5 particles accumulated in the Golgi area. The flu-
orescence signals showing up with endosome-specific antibod-
ies did not aggregate to perinuclear caps and differed clearly in
location from those obtained for ManII and for AAV5 capsids
(Fig. 3g to i).

Electron micrographs taken at times identical to those de-
scribed in the immunofluorescence studies allowed elucidation
of the various steps of the endocytic pathway of AAV5 in more
detail. Early after addition (20 min) virus particles were occa-
sionally seen between neighboring cells (not shown), bound to
the surface of the cell body and to microvilli, and in coated pits
(Fig. 4a to c). The binding forces of the virus often seemed to
fix microvilli to each other or to the cell surface (Fig. 4a and b).
Beginning at about 45 min p.i. coated vesicles containing nu-
merous virus particles were found frequently (Fig. 4d to g).
AAV5 particles were also detectable in tubular structures that
are likely to represent early endosomes (Fig. 4f). In rare situ-
ations endocytosis via noncoated vesicles, probably represent-
ing caveolae, was also seen (Fig. 4h and i). Increasing amounts
of tightly packed virus particles bound to lateral surfaces (iden-
tified by desmosomal structures; Fig. 4k) and endocytosis by
coated vesicles from these intercellular spaces appeared at
later time points (Fig. 4k to o; 90 min).

Between 3 and 6 h after application, the internalized virus
was detected in the Golgi area (Fig. 5). Virus was seen close to
the Golgi network in clathrin-coated vesicles (Fig. 5a, d, and h)
and in membrane tubules of uniform diameter (Fig. 5b and e).

VOL. 76, 2002 ENDOCYTOSED AAV5 ACCUMULATES IN THE GOLGI COMPARTMENT 2341



Furthermore, virus particles were detected in cisternae of the
trans-Golgi network (TGN) (Fig. 5c, d, f, h, and i), identifiable
by the characteristic clathrin- and coatomer-coated vesicles
(Fig. 5h and i). After prolonged incubation (22 h) AAV5 could
additionally be seen in noncoated larger vesicles located close
to dilated cisternae and the stacks of the Golgi apparatus (Fig.
5g). In contrast, AAV5 was not found in lysosomes under the
conditions used and described above. Only when the number
of infectious particles was further increased (e.g., to 104 infec-
tious particles/cell) did AAV5 accumulate in lysosomes (Fig.

1h and i) in addition to the Golgi areas. Neither release of
intact virus particles into the cytoplasm from any of the de-
scribed virus-containing compartments nor intact virus parti-
cles in the cytoplasm could be verified. Also, no intact virus
particles at nuclear pores or within the cell nucleus were de-
tected by electron microscopy.

To allow an estimation of bound and endocytosed virus
versus degraded virus, we performed Western blot analysis
using total cell lysates of infected HeLa cells. In agreement
with the immunofluorescence and electron microscopic data,

FIG. 1. (a) AAV5 particles negatively stained with 2% uranyl acetate in aqueous solution. Bar, 0.1 �m. (b to f) Electron-microscopic
immunolocalization of AAV5 in HeLa cells. Cells were infected with AAV5 at 37°C and fixed with formaldehyde 90 min p.i. Immunoreactions were
done using a monoclonal antibody specific for AAV5 capsids (21) and anti-mouse antibodies coupled to 5-nm gold particles for visualization. Since
they were done prior to cell embedding, labeling could be detected only when AAV particles were accessible to the antibodies in the preembedding
state. Thus only the laterally located particles in the flat section (b and c) are labeled with gold. Arrows, virus particles on (b and c) and between
(d) microvilli, in a coated pit (e), in a coated vesicle (f), within an endosome (g), and within lysosomal structures (h and i). The concentration of
AAV5 used in the experiments shown in panels e to i was 10-fold higher than that used in experiments shown in panels b to d. En, endosome; ER,
rough endoplasmic reticulum; Ly, lysosomal structure; M, mitochondrion; PM, plasma membrane; Ri, ribosomes; Bars, 0.1 �m (f; applies to panels
b to f) and 0.2 �m (i; applies to panels g to i).
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immunoblotting revealed that the amount of cell-associated
AAV5 increased with time (Fig. 6; 20, 45, and 90 min). After
the inoculum was replaced by fresh medium, bound and/or
internalized viral protein could still be identified in the course
of the whole experiment (up to 22 h p.i.), albeit with decreasing
intensity (Fig. 6).

DISCUSSION

After animal viruses bind to a receptor(s) at the surface of a
host cell, their entry into the interior of the cell is initiated by
direct fusion of the virus with the cell surface or by receptor-
mediated endocytosis via clathrin-coated pits and vesicles and
via small noncoated vesicles (e.g., caveolae). These initial steps
are required for entry of enveloped and of nonenveloped vi-
ruses (10, 29, 32, 55; for a recent review see reference 28).

Our study (schematically summarized in Fig. 7) suggests two
types of binding sites for AAV5 on HeLa cells. One, at the
apical cell surface, appears to be restricted in number and
becomes transiently exhausted during internalization and re-
cycling. The other, at lateral sites, may provide a high binding
capacity, thus allowing binding and uptake of large amounts of
AAV5 over an extended period of time. The nature of the

binding sites used by AAV5 are still unknown. For AAV2
heparan sulfate proteoglycan (HSPG) is reported to be the
primary virus attachment receptor (57), and �V�5 integrin and
human fibroblast growth factor receptor 1 are said to function
as coreceptors (47, 56) although there exists still some contro-
versy about the importance of both HSPG and �V�5 integrin
(48, 49). In contrast to AAV2 infection, AAV5 infection does
not depend on heparan sulfate but appears to require 2,3-
linked sialic acid (63). There are no data as to the possible
dependence of AAV5 on �V�5 integrin and human fibroblast
growth factor receptor 1.

Our data show that entry of AAV5 in HeLa cells occurs
predominantly via coated pits and coated vesicles although
virus particles in noncoated pits and vesicles were also ob-
served occasionally. Thus more than one entry mechanism can
be used by one type of virus for entering the same type of cells.
This may explain the differences observed in parvovirus up-
take. For viruses of this group, e.g., the helper virus-dependent
AAV2 and AAV2-derived recombinants and the autonomous
canine parvovirus (CPV), clathrin-mediated endocytosis has
been reported (5, 45) but uptake of CPV via uncoated vesicles
has also been shown (6). Involvement of dynamin in AAV2

FIG. 2. Immunofluorescence microscopy of HeLa cells after incubation with AAV5. HeLa cells were cultured in the presence of AAV5 for the
indicated periods of time and were then fixed with methanol-acetone before incubation with antibodies. Removal of the inoculum was after 90 min
(c) and was followed by three washes before addition of fresh medium. Arrowheads (b and c), viruses at apical cell surfaces and in endocytic
structures; arrows (d and e), fluorescent aggregates in juxtanuclear position. Inset (e), additional faint positive reactions at the nuclear envelope
(arrowheads). Bars (d and inset), 30 �m (the bar in panel d applies to panels a to e [except for the inset]).
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and CPV infection (17, 45) did not help to clarify the situation
since dynamin appears to mediate more than one endocytotic
process (30, 41).

While numerous coated vesicles containing viruses were

seen throughout incubation periods of several hours, AAV5
particles in typical lysosomal structures were only detected
when the particle concentration was raised beyond our stan-
dard level, which might be an indication of saturation of main

FIG. 3. Distribution of fluorescence signals on AAV5-infected HeLa cells. HeLa cells were infected with AAV5 for 2 (a to c) and 22 h (d to
i). At the times indicated cells were fixed with methanol-acetone (a to f) or with formaldehyde (g to i). Double labeling (confocal laser scanning
microscopy; optical sections, 0.6 �m thick) (a to f) was done using primary antibodies specific for Golgi ManII (a and d) and for AAV5 capsids
(b and e). The respective merged images are shown in panels c and f. The images in panels g to i show that the signal distributions for antibodies
to ManII (g) and AAV5 capsids (h) are different from that for the antibody to EEA1 (endosomes) (i) at 22 h p.i. Formaldehyde fixation was used
(g to i) to verify the results obtained with methanol-acetone fixation. Bars, 20 �m.
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FIG. 4. Electron micrographs of HeLa cells demonstrating binding and early steps of internalization. HeLa cells were infected with AAV5 for
20 (a to c), 45 (d to i), and 90 min (k to o). AAV5 particles are seen at apical (a to i) and lateral (k to o) cell surfaces (small arrows). Arrowheads
(b), cross-sectioned microtubules as an internal size marker. Internalization of viruses by coated vesicles takes place from apical (c to g) and lateral
(m to o) cell surfaces (large arrows). Tu (f), example of particles in tubular structures that are likely to represent early endosomes. Aggregated
viruses at lateral surfaces are demonstrated in cross (k, m, and n) and oblique (l, brackets) sections. In rare situations internalization via noncoated
pits and vesicles was also seen (h and i). CP, coated pit; ER, endoplasmic reticulum; MV, microvilli; D, desmosome. Bars, 0.2 �m (a, b, and k;
same magnification for panels k to o) and 0.1 �m (c to i).
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FIG. 5. Electron micrographs of HeLa cells infected with AAV5 particles taken 3 (a and b), 6 (c, e, h, and i), and 22 h (d, f, and g) p.i. Viruses
(small arrows) were found in clathrin-coated vesicles (CL; see, e.g., panel a), in tubular (large arrows; b and e) and vesicular structures (large
arrows; g), and in noncoated vesicles in the vicinity of dilated Golgi cisternae and stacks of the Golgi apparatus (GA; large arrows). Examples of
cisternae of the TGN containing AAV5 particles are given in panels c, d, g, h, and i. Co, coatomer-coated vesicles. Bars, 0.2 �m.
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targets. Instead viruses were detected in the Golgi area, espe-
cially in the Golgi network-associated coated vesicles, in mem-
brane tubules, and in the cisternae of the TGN. In addition
viruses were seen in noncoated larger vesicles in the vicinity of
dilated cisternae and dictyosomal stacks of the Golgi appara-
tus. In the Golgi area, AAV5 was still detectable even 22 h
after infection. We conclude that the perinuclear signals seen
by immunofluorescence microscopy (also described by other
authors but controversial [5, 62]) are likely to represent AAV5
particles in the Golgi area, especially in the TGN and in TGN-
associated vesicles. The immunofluorescence data also show
that the electron microscopy data do indeed not reflect single

cellular events since accumulation of AAV5 in cap-like struc-
tures was seen in almost all infected cells.

Targeting from the cell surface to the TGN sorting compart-
ment via distinct and independent endosomal pathways has
been reported for endocytosed proteins such as membrane
proteins TGN38 and furin and protein toxins such as Shiga
toxin and ricin (22, 31, 37, 38). TGN38 (22) and Shiga toxin
(37) circumvent the late endocytic pathway and are trans-
ported from early endosomes directly to TGN. Furin passes
through late endosomes on its way to the TGN (38), and
studies with ricin showed the existence of several distinct
routes from endosomes to the Golgi compartment (31).

The cellular mechanisms leading to parvovirus release from
membranous compartments into the cytoplasm and transloca-
tion into the nucleus are still not understood. Since AAV5
particles are detectable within the TGN even at 22 h p.i., the
final fate of AAV5 particles remains obscure. Being a central
sorting compartment, the TGN is linked by anterograde and
retrograde transport networks to cellular structures such as the
endoplasmic reticulum, the plasma membrane, and late and
early endosomes (for a recent review see reference 25). Recy-
cling of AAV5 between the TGN and other compartments may
be predicted from the detection of virus particles within Golgi-
associated coated vesicles and within membrane tubules of
roughly uniform size. These tubular structures (44) can be
derived from either the Golgi complex or from endosomes and
appear to function in transport (15).

Vesicular transport beyond the early endosome without
prior release of virus particles into the cytoplasm and with
capsid proteins being intact for several hours after virus uptake
has been described for AAV2 and CPV (16, 27, 61) and is in
agreement with our Western blot data for AAV5. Contrary to
what is reported for AAV2 (16, 19), our protein degradation
analysis does not point to significant loss of AAV5 capsid
proteins for at least 6 h after infection and thus does not
provide evidence of extensive degradation of incoming AAV5
by the proteasome system.

We did not identify intact virus particles in the cytoplasm but
cannot exclude the possibility of their existence as such small
particles might be obscured by the proteinaceous cytosolic
meshwork. Since the antibody used in immunofluorescence
detects capsids rather than individual capsid proteins, the faint
fluorescence signals which we observed surrounding the nuclei
might either represent still-membrane-bound AAV5 particles
or particles that are not grossly modified before being trans-
ported to the nuclear membrane. However, as we never de-
tected intact free AAV5 particles in the vicinity of the nuclear
membrane or at nuclear pores in electron microscopy, some
uncoating and loss of structural integrity cannot be excluded.
The absence of any AAV5-specific immunofluorescence stain-
ing within the cell nucleus in our experiments suggests that
AAV5 capsids may not enter in intact form. This is in contrast
to the findings reported for AAV2 and for CPV, which claim
detection of either small numbers (5, 62) or of about 90% of
the particles (52) in the nucleus within a few hours after in-
fection, thus suggesting that AAV2 and CPV enter the nucleus
prior to uncoating.

It appears noteworthy that the observed pathway of entry
may be the one used by the majority of virus particles but may
not necessarily be the infectious pathway. Given the number of

FIG. 6. Western blot analysis of HeLa cell proteins after incubation
with AAV5 particles. After the indicated periods of time (lanes 3 to 8)
cells were washed and homogenized. Equal amounts of proteins (cells)
were loaded onto the gel. After 90 min the inoculum was replaced by
fresh virus-free culture medium (lanes 6 to 8). Lane 1, calculated virus
concentration used in infection. A 10-fold concentration (lane 9) was
used to demonstrate that the antibody recognizes all three capsid
proteins. Lane 2, mock-infected cells.

FIG. 7. Scheme of proposed endocytic pathway for AAV5 into
HeLa cells. CA, noncoated pit; CP, coated pit; CV, coated vesicle; En,
endosome; MV, microvilli; NP, nuclear pore; D, desmosome.
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virus particles required for detection and the high ratio of
noninfectious to infectious particles found in virus prepara-
tions from infected cells, it may well be that the few infectious
particles that are required for productive infection and thus the
particular pathway they use are not detectable. Notwithstand-
ing, demonstration of internalized viruses within the Golgi
compartment points to the existence of cellular trafficking
routes which have hitherto not been described as being in-
volved in endocytic processes, either for AAV5 specifically or
for viruses in general.
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