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ABSTRACT

Two topics that have attracted recent attention in the field of autophagy concern the source of the
membrane that is used to form the autophagosome during macroautophagy and the role of noncanonical
autophagic pathways. The 2 topics may converge when considering the intersection of autophagy with
viral infection. We suggest that noncanonical autophagy, which is sensitive to treatment with brefeldin A,
may converge with the infectious cycles of certain DNA and RNA viruses that utilize membrane from the

ER and cis-Golgi.

Alternative macroautophagy/autophagy is being reported in an
increasing number of papers since it was first described."” Two
forms of alternative autophagy are called (i) noncanonical
BECNI-independent autophagy and (ii) ATG5- and ATG7-
independent autophagy. In canonical autophagy, autophago-
some biogenesis is initiated at the ER-derived omegasome and/
or via a phagophore, although the precise mechanism has not
been defined and the source of the membrane donor is the
cause of an ongoing debate. Evidence points to the Golgi appa-
ratus as an important membrane source for autophagosome
formation. One distinctive feature common to both forms of
alternative autophagy, however, is its inhibition by the 16-car-
bon lactone brefeldin A (BFA), which exerts its disruptive effect
at the cis-Golgi, further demarcating a contribution of the Golgi
with regard to autophagosome biogenesis;*” in prior studies,
canonical autophagy was not inhibited by BFA treatment.®”

The ATG5- and ATG7-independent but BECN1-dependent
autophagy pathway was first documented in mouse embryonic
fibroblasts (MEFs) that lack ATG5.> Treatment with the
stressor etoposide leads to equal numbers of autophagosomes
per cell in ATG5" and ATG5~ MEFs. Furthermore, treatment
of both ATG5* and ATG5~ MEFs with 3-methyladenine sup-
presses autophagosome formation. However, examination of
the autophagosomes in the ATG5™ cells disclosed an absence
of LC3-II modification. Furthermore, treatment with BFA
inhibits autophagy in the ATG5™ cells but not in the ATG5"
cells. Similar results are obtained in ATG7~ MEFs.

The noncanonical BECN1-independent autophagy pathway
is stimulated by the monounsaturated fatty acid oleate.® The
original study compared autophagy induction by oleate to that
which occurs in response to the saturated fatty acid palmitate.
Depletion of ATG5 and ATG?7 inhibits autophagic induction
by both fatty acids. However, autophagic induction by oleate
does not require BECN1. As with the ATG5- and ATG7-inde-
pendent pathway, treatment with BFA inhibits oleate-induced
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noncanonical autophagy. Note that a BECN1-independent type
of autophagy was previously reported in response to mitochon-
drial damage, but the sensitivity to BFA was not determined.'

As described above, a feature common to both forms of
alternative autophagy is inhibition by BFA. BFA was first char-
acterized in 1968 during a survey of antiviral activity of com-
pounds extracted from the fungus Penicillium brefeldianum.
BFA inhibits 2 different viruses, including a DNA virus, herpes
simplex virus, and a RNA virus, Newcastle disease virus (simi-
lar to mumps virus). BFA was subsequently determined to
inhibit a subset of GTP-exchange factors that catalyze the acti-
vation of a small GTPase called ARFI, a member of the RAS
superfamily, which is responsible for the recruitment of coat
proteins for vesicular trafficking between the ER and Golgi.”

Virologists have used BFA extensively for decades because the
compound can inhibit entry of some viruses and egress of others.
The entry of human papillomavirus and polyomavirus is blocked
by BFA treatment, whereas the number of cytoplasmic replication
compartments of coronavirus is reduced by BFA.>'? Likewise the
egress of enveloped viruses, such as herpes viruses and paramyxo-
viruses (Newcastle disease virus), is blocked by BFA.* The mecha-
nism of the original 1968 antiviral observation has been revealed:
Biosynthesis of viral glycoproteins of enveloped viruses requires
their transfer from the ER to the cis-Golgi during processing of
their glycans, a step inhibited by BFA, before envelopment and
final egress of a mature viral particle."" Ebola virus, an enveloped
RNA virus, also appears to fall into the latter category.'*

Viruses are obligate intracellular parasites that appropriate
(or hijack) cellular organelles and trafficking pathways during
their infectious cycles. The numerous roles of canonical auto-
phagy during viral infectious cycles have been reviewed.'>'* As
is apparent from the above discussion, multiple disparate
viruses require components within the region of the ER/cis-
Golgi during their infectious cycle, the same region disrupted
by treatment with BFA. Not only does this region overlap with
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the site of autophagosome formation during alternative auto-
phagy, but this region may correspond to one of the membrane
donors for canonical autophagy; for example, in vitro evidence
suggests a role for the ER-Golgi intermediate compartment,'”
while genetic data support the involvement of the conserved
oligomeric Golgi complex'® in the latter pathway.

The RNA and DNA viruses that utilize this region proceed
toward a productive infection, whereas the alternative autophagy
pathway proceeds toward eventual formation of an autolysosome
with degradation of its contents. Although there is no evidence that
this site of geographical intersection between alternative autophagy
and viral trafficking pathways predicts any other commonality
between the 2 processes, we do not yet know whether viral infection
may interfere with alternative autophagy within an infected cell,
whether some viruses rely on noncanonical autophagic pathways
for replication, or whether alternative autophagic pathways may
play a role in some antimicrobial responses. Thus, researchers
studying viral trafficking pathways following entry or during egress
will need to consider potential consequences of intersections with
both canonical and alternative autophagy pathways.

Abbreviations

ARF1  ADP ribosylation factor 1

ATG autophagy related

BECN1 Beclin1l

BFA brefeldin A

ER endoplasmic reticulum

GTP guanosine triphosphate

LC3 microtubule-associated protein 1 light chain 3
MEF mouse embryo fibroblast
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