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Letter to the Editor

Egress of Alphaherpesviruses

In their recent papers on the assembly of alphaherpesvi-
ruses, Wild et al. (13) and Leuzinger et al. (3) propose that the
egress of herpesvirus capsids from the nucleus and formation
of the enveloped herpesvirus virion occur by two alternative
routes.

The first route is similar to that described in earlier propos-
als (7) and involves primary envelopment of intranuclear cap-
sids at the inner nuclear membrane followed by transport of
these primary virions through the endoplasmic reticulum (ER)
and secretory Golgi pathway to the cell surface. This mode of
herpesvirus release has been challenged in the last few years,
since it does not account for a wealth of biochemical, genetic,
and morphological data (reviewed in reference 5) which clearly
demonstrate a lack of identity between primary and mature
virus particles. The former contain proteins homologous to the
herpes simplex virus UL31 and UL34 products which are not
present in any of the hitherto-analyzed mature herpesvirus
virions, whereas important constituents of mature virions,
among them major tegument proteins, are absent from pri-
mary virions (reviewed in reference 4). Moreover, the lipid
composition of the mature virus envelope differs strikingly
from that of the nuclear membrane (10), and viral envelope
proteins engineered to be retained in the ER do not become
part of the mature virion (12). These well-documented dif-
ferences between primary enveloped and mature virions are
best explained by an envelopment-deenvelopment-reenvel-
opment pathway (8) which entails budding of intranuclear
DNA-filled capsids at the inner nuclear membrane followed
by fusion of the primary envelope with the outer nuclear
membrane, thus transferring capsids through the nuclear
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FIG. 1. Electron micrograph of BHK21 cells 12 h after infection with HSV-1. The arrow denotes an intact nuclear pore next to a capsid
undergoing primary envelopment (left) and a primary enveloped virion in the perinuclear space (right). The nuclear side is on the top, and the
cytoplasmic side is on the bottom. Bar, 500 nm. (Electron micrograph courtesy of Harald Granzow, Friedrich-Loeffler-Institut, Insel Riems,
Germany).

membrane into the cytoplasm where they acquire their final
tegument and envelope by budding into a presumably trans-
Golgi compartment (2, 9, 11, 14). While not every aspect of
this model has been proven, it explains the relevant obser-
vations outlined above, which any alternative model has to
take into account as well.

The second route of egress proposed by Wild et al. (13)
and Leuzinger et al. (3) involves the dilation of nuclear
pores resulting in direct access of capsids to the cytoplasm
and envelopment in the Golgi compartment. Indeed, the
authors consider that most of the enveloped virions ob-
served in the perinuclear space arise by budding from the
cytoplasm into the outer nuclear membrane/ER and hence
that naked nucleocapsids are apparently capable of budding
into any membrane. These proposals also raise interesting
issues. A number of genetic defects (e.g., deletions in UL31/
UL34) result in failure of nuclear egress (1, 6), implying that
these gene functions may be responsible for nuclear pore di-
lation. It would be interesting to see whether the authors ob-
serve pore dilation in cells infected with mutant viruses lacking
these proteins. In extensive studies at relevant time points after
infection, we did not observe a similar impairment of nuclear
pores (Fig. 1). Furthermore, many mutations that result in the
accumulation of capsids in the cytoplasm by a failure of cyto-
plasmic envelopment (e.g., defects in UL36, UL37, or UL11
and their homologues [reviewed in reference 5)] have been
described, yet cells infected with these mutants contain envel-
oped virions in the perinuclear space. Thus, different functions
are clearly required for budding into these different compart-
ments, and this is entirely consistent with the observation that
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enveloped virions in different compartments have quite differ-
ent compositions and morphologies.

The electron microscopic observations reported in these two
papers challenge current views of the egress and maturation of
alphaherpesvirus particles and emphasize the need for further
study. However, the models proposed take little account of
the weight of biochemical, genetic, and morphological evi-
dence in the literature and cannot be readily reconciled with this
evidence.
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Author’s Reply

In a series of recent publications (8, 17, 18), we have chal-
lenged the current model of herpesvirus envelopment, which
predicts an unlikely series of energy-consuming steps, i.e., en-
velopment of capsids at the inner nuclear membrane (INM),
deenvelopment by fusion with the outer nuclear membrane
(ONM), and reenvelopment at the trans-Golgi network (9).

The Golgi complex plays a crucial role in secretion of pro-
teins and herpesvirus egress. One of its functions is packaging
of secretory products into membrane-bound entities that de-
liver the product to the cell surface for releasing via exocytosis.
There is striking evidence that herpesviruses are packaged into
such entities (1, 4, 7, 8, 13, 18), which are referred to as
transport vacuoles (8, 17, 18). There is also clear evidence that
capsids bud at any site of the Golgi complex, including frans-
Golgi vacuoles (7, 8, 17, 18). These two entirely different pro-
cesses demand different routes of transportation of capsids to
the outside of Golgi membranes and of virions into cisternae,
respectively. The route of virions into Golgi cisternae is con-
sidered likely to involve intraluminal transportation (8, 18)
through a continuum (18) from the perinuclear space (PNS),
via the rough ER to Golgi cisternae. The route of nuclear
capsids into the cytoplasm is considered to be via impaired
nuclear pores (8, 17).

The deenvelopment theory is based (i) on phenotypes at the
ONM that have characteristics of budding rather than of fusion
and (ii) on proteins detected only in virions within the PNS.
Yet virions within the PNS are inside-out particles. The lumi-
nal layer of the envelope faces the luminal layer of the nuclear
membranes, the site at which the fission machinery, which is
antagonistic to the fusion machinery, is active during budding.
At this stage, it is unlikely that the viral envelope can fuse with
the ONM. If it did, why would it not fuse with the INM? The
INM and ONM are similar and would probably be identical
after viral egress has proceeded, because the constituents of
the INM are inserted into the ONM as a result of fusion. ONM
constituents would need to recycle to the INM to maintain
equilibrium between the two membranes. The surface of virus
particles within the PNS and rough ER is covered by a dense
substance (1, 4,5, 8, 11, 13, 16-18). UL31 and UL34 have been
shown to be incorporated into both nuclear membranes and,
less convincingly, into virions within the PNS (11). They might
play a role in intraluminal transportation per se or in combi-
nation with other proteins that are removed within Golgi cis-
ternae so that additional sugars can be inserted (10).

To support the deenvelopment theory, Mettenleiter and
Minson argue that the lipid composition of mature virions
differs from that of host cell nuclear membranes (15). This
study, however, failed to demonstrate identity of lipid compo-
sitions between viral envelopes and Golgi membranes. In fact,
the divergence in lipid composition between viral envelope,
nuclear membrane, and Golgi membranes is best explained by
the dual site of envelope origin.

Mettenleiter and Minson question impairment of nuclear
pores to be the gateway for capsids to exit the nucleus because
they did not find evidence for it. Impairment of the nuclear
envelope has been shown earlier (2, 6). Alterations in nuclear
pores can be demonstrated by electron microscopy (8, 17) and,
very easily, by immunolabeling and confocal microscopy (Fig.
1). Studies on lamin, UL31, and UL34 also support the idea of
a dual-exit pathway of capsids (12).

Many reports show data that support the dual-pathway theory
and/or question the theory of envelopment at the frans-Golgi
network (see, e.g., references 3, 5, 13, and 16). Moreover, some
data can be explained only by the dual-pathway theory, e.g., glyco-
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FIG. 1. HeLa cells grown on coverslips were infected with herpes simplex virus type 1 (multiplicity of infection of 2), incubated for 10 h, fixed

with paraformaldehyde, and immunostained using monoclonal antibodies against nuclear pore complex proteins. Samples were analyzed using a
confocal microscope, and images were deconvolved. (A) A mock-infected cell shows a rather regular distribution of nuclear pore complex proteins.
(B) Nuclear pore complex proteins are accumulated at the nuclear surface and within the cytoplasm in a herpes simplex virus type 1-infected cell,
clearly indicating dramatic changes of nuclear pores.

proteins that accumulate at the frans-Golgi network indepen-
dently of capsid egress (14).

10.
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