
[Communicative & Integrative Biology 2:5, 434-436; September/October 2009]; ©2009 Landes Bioscience

434 Communicative & Integrative Biology 2009; Vol. 2 Issue 5

The biosynthetic pathway allows the transport of newly 
synthesized proteins to the TGN via the reticulum endoplasmic 
and Golgi apparatus. However, many large particles reach the 
TGN by unconventional means. For instance, Herpes simplex 
virus type 1(HSV-1) capsids assemble within the nucleus, bud 
into the perinuclear space, fuse with the outer nuclear membrane 
and finally travel unenveloped towards the TGN. Given the 
central role of protein kinase D in the transport of small cargo 
from the TGN to the cell surface, we probed its potential 
contribution in HSV-1 egress, as a model for studying large 
cargo exiting from the TGN. Using a synchronized infection, we 
show that inactivation of protein kinase D with pharmacological 
inhibitors, a kinase dead mutant or siRNA all causes the reten-
tion of HSV-1 at the TGN. This highlights the role of PKD 
in viral exit and a dependence of the virus on the classical host 
cell machinery to leave the TGN, unlike its previous transport 
steps. Conceptually, this supports a model in which the TGN is 
a meeting point where conventional and unconventional routes 
encounter.

Newly synthesized transmembrane and secreted proteins typi-
cally travel via the classical biosynthetic pathway from the ER to 
the Golgi apparatus and the TGN.1 They are then segregated at 
the TGN and sorted to multiple different targets (extracellular 
environment, intracellular organelles, cell surface).2,3 Proteins 
destined for the cell surface and extracellular milieu are often 
packaged in transport carriers regulated by the serine-threonine 

protein kinase D (PKD).4,5 At the TGN, PKD mediates the fission 
of carriers packed with small cargo. This activity requires diacyl  
glycerol (DAG), which recruits PKD from the cytosol to the 
TGN.6 The biosynthetic route is not applicable to all cargo, since 
small COPII vesicles that carry proteins from the ER towards the 
Golgi apparatus cannot accommodate large cargo such as chylo-
microns, procollagen and viral capsids.7 Although, these outsized 
cargos use unconventional pathways to travel through the cell, 
they all reach the TGN. Given these unconventional routes to get 
to the TGN, it was of interest to study the way they escape this 
organelle to reach their final destination. Moreover, it was unclear 
whether they employed the PKD mediated cellular machinery or 
an alternative path to escape the TGN.

Herpes simplex virus type 1 (HSV-1) is a double stranded 
DNA enveloped virus. The assembly of new capsids takes place 
in the nucleus of the host cell. The large 125 nm capsids then 
pass through the double nuclear membranes by unique sequential 
budding and fusion processes,8 which release unenveloped capsids 
in the cytosol. These capsids then travel along the cytoskeleton 
and reach the TGN, where they acquire their final envelope.9,10 
From the TGN, they journey to the plasma membrane via an 
unknown pathway. Given their unconventional route of trans-
port to the TGN, we probed the role of the conventional PKD 
mediated transport machinery on viral egress downstream of that 
compartment. In the study described in this addendum,11 the 
egress of HSV-1 from the TGN to the plasma membrane was 
monitored using a synchronized infection protocol, in which 
HSV-1 capsids are accumulated at the TGN and then released to 
the cell exterior. Under these conditions, HSV-1 egress is strongly 
affected by three different DAG inhibitors, which all prevent the 
recruitment of PKD to the TGN and thus impede the fission of 
carriers travelling from the TGN to the plasma membrane.6,12 
Moreover, immunofluorescence studies revealed the entrapment 
of the virus at the TGN, supporting the contribution of DAG 
and PKD in the release of HSV-1 from the TGN. To directly 
address the role of PKD in HSV-1 transport, we used two addi-
tional and more specific methods, namely an inactive mutant of 
the protein (PKD K618N)4,13 and siRNA directed against PKD. 
Both systems confirmed the implication of PKD by strongly 
reducing the egress of the virus. Once again, virions could be 
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visualized in inactivated PKD induced tubules. Altogether the 
results demonstrated the dependence of HSV-1 virions on the 
PKD-regulated cellular pathway to transit from the TGN to the 
plasma membrane, i.e., the same path as for small cargo. This is 
in sharp contrast with anterior steps of intracellular transport of 
the virus.

The use of the classical PKD pathway by HSV-1 to exit the 
TGN, but its unusual route to arrive there underlines the TGN as 
a hub, where conventional and unconventional pathways carrying 
various cargos meet (Fig. 1). This applies not only to HSV-1 but 
likely extends to other large cargo such as procollagen and chylo-
microns. Both molecules also bypass the COPII vesicles to reach 
the Golgi apparatus or TGN before reaching their final destina-
tion.14,15 Though unproven at this point, they probably depend on 
PKD for the last leg of their journey. For instance, procollagen has 
been shown to co-localize with the small VSV G cargo.16 Other 
large cargo such as several viruses that replicate and assemble in the 
cytoplasm also travel through the TGN before being released at 
the cell surface. These include Rota-, Corona-, Bunya-, Flavi- and 
Poxviruses.17,18 Several unconventional and unrelated pathways 

thus meet at the TGN and merge with the conventional transport 
apparatus. The additional passage in the TGN of some molecules 
endocytosed at the cell surface before being recycled to the plasma 
membrane19 further highlights the importance of the TGN as a 
meeting hub for several pathways.

The use of PKD by small, large and viral cargos raises interesting 
issues. For instance, it is not clear if these various cargos share the 
post-TGN transport machinery or compete for it (Fig. 1). This is 
particular relevant for viruses, as they often hijack host cell systems 
for their privileged use.20,21 These different cargos might also travel 
in parallel in distinct transport carriers. If so, what dictates their 
specific incorporation in the PKD generated carriers? What are 
the specific sorting signals? Particular coat adaptors, certain lipids, 
modulators and members of the Rab and ARF families of small 
GTPases might also be implicated.22-26 Would components be 
shared between these various cargos? Given the complexity of the 
intracellular machinery, cross-talk between the different pathways 
downstream of the TGN is indispensable.27,28 As new paths tran-
siting through the TGN are elucidated for multiple types of cargo, 
this cross-talking is becoming more and more complex and will 

TGN: Traffic hub of the cell

Figure 1. The TGN is a meeting point where conventional and unconventional routes of intracellular transport merge. To illustrate this point, the classical 
biosynthetic pathway from the ER to the cell surface is depicted with green arrows. Alternative transport routes by which various large cargos such as 
HSV-1, chylomicrons, procollagen and some viruses that assemble in the cytoplasm reach the TGN are indicated by red arrows. In addition, the TGN 
is not only a merging point for molecules newly synthesized but also for proteins recycled from organelles along the endo-lysosomal system (shown with 
blue arrows). At the TGN, large and small cargos merge and are sorted towards the cell surface (green arrows) and various endosomal compartments 
(yellow arrows). Dotted green arrows illustrate the uncertainty as to whether large cargo, in particular viruses, share the PKD mediated pathway with 
smaller cargo or whether they monopolizes it.
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need additional investigations to describe it. As PKD impairment 
didn’t completely shut down virus egress in our studies, this hints 
that other components, cellular or viral, are implicated in HSV-1 
post-TGN transport. Finally, HSV-1 could encode novel modula-
tors of the cellular transport mechanisms or alternatively mimic 
existing host molecules29,30 to emulate cellular pathways.

A final issue is the enduring debate regarding the site of final 
envelopment of HSV-1 capsids in neuronal cells. The patho-
genesis of aherpesviruses is characterized by neuronal spread. 
Several studies suggest the envelopment of the virus at the cell 
body and transport of fully mature enveloped virions down 
the axon. Others studies rather propose the axonal transport of 
naked capsids and the acquisition of an envelope at the cone.31,32 
Although our study showed a clear involvement of host cell 
PKD in TGN to plasma membrane transport in epithelial cells, 
it remains to be proven whether this is also the case in neurons. 
If so, it could argue in favour of a re-envelopment in the neuron 
body, where TGN and PKD are usually present, as opposed to 
a more distant envelopment in the axon end. However, it has 
been shown that PKD is only needed in dendritic transport 
for small cargo,33 not in axonal transport. This could mean an 
alternative and unique pathway of HSV-1 post-TGN transport 
in neuronal cells. It is also conceivable that the PKD multiple 
isoforms (three in humans4,13) assume different functions in 
different cell types.
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