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IN BRIEF

Autophagy: Both Friend and Foe in Pseudomonas
syringae Infection
OPEN

Eukaryotes use two major systems for getting rid of unwanted proteins: the ubiquitin
proteasome system and autophagy. The
proteasome degrades ubiquitinated proteins.
Autophagosomal vesicles encapsulate cellular waste and either deliver it to the vacuole or
fuse with a lysosome. Animal cells use autophagy for pathogen defense; however, some
pathogens have evolved to exploit autophagy
to increase their own pathogenicity (Mostowy,
2013). In plants, much less is known about the
role of autophagy in infection.
€ u
€ n et al. (2018) show that when virulent
Ust
Pseudomonas syringae infects Arabidopsis
thaliana, two main things happen with respect to autophagy: (1) The bacteria activate
autophagy via the type III effector HopM1 to
remove proteasomes enabling increased proliferation. (2) An NBR1-dependent autophagic
response in the plant decreases disease progression. Autophagy thus plays a role in both
the bacteria’s pathogenesis and the host’s
immune response, yet through different selective autophagy pathways (see figure).
The authors first showed that infection by
P. syringae pv tomato DC3000 suppressed
proteasome activity in wild-type Arabidopsis
plants. Conversely, infection led to an increase
in proteasome activity in mutant plants missing core autophagy machinery. This suggests
that P. syringae infection causes proteasome
suppression via an autophagy mechanism.
Key mutations were used to further demonstrate proteasome and autophagy crosstalk. Autophagy mutants were more resistant
to P. syringae infection unless crucial subunits
of the proteasome were mutated. Ubiquitinated proteins also accumulated in autophagy
mutants. Furthermore, infected plants lacking
a key proteasome-specific autophagy receptor did not exhibit proteasome suppression.
Several lines of evidence presented suggest
that P. syringae infection activates autophagy
tosuppresstheproteasomeandincrease pathogenesis. Transcription of a core autophagy
gene (ATG8) andtheautophagyreceptorNBR1
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Model of autophagy/proteasome crosstalk following P. syringae infection. P. syringae delivers numerous
type III effectors, including HopM1, into the cytoplasm. HopM1-mediated inhibition of the proteasome
activates proteaphagy, resulting in suppression of salicylic acid-dependent defense responses. HopM1
also contributes to the overall increase in autophagic flux, which may serve additional probacterial
functions. However, NBR1-dependent autophagy counteracts HopM1-mediated water soaking, thereby
€ u€n et al. [2018], Figure 8.)
dampening bacterial virulence and proliferation. (Reproduced from Ust

was increased following P. syringae infection.
Severalgenesthatareknowntobeupregulated
in response to proteasome inhibition were also
upregulated in P. syringae-infected plants. A
cell biology approach was used to confirm
that autophagy proteins associate with the
proteasome following infection.
The authors suggest that the effect of
P. syringae infection on autophagy occurs via
type III effector proteins. A strain of P. syringae
lacking a type III secretion system had different
effects on NBR1 and ATG8 than did wildtype bacteria. Expression of HopM1, an effector known to inhibit proteasome capacity
€ u
€n et al., 2016), lead to increased auto(Ust
phagic flux. HopM1 also colocalized with
proteasome subunit aggregations and with
ATG8 and NBR1. Finally, a P. syringae strain
lacking 28 effectors, but with HopM1 reintroduced, behaved similarly to the wild type.
Transient expression of HopM1 in plants
also lead to P. syringae infection-like symp-

toms. Together, these results suggest that
the type III effector HopM1 is responsible for
autophagy-induced proteasome suppression.
To test the biological relevance of NBR1
€ u
€n
overaccumulation following infection, Ust
et al. challenged nbr1-2 mutants with P. syringae. The mutant plants were far more sensitive
toinfection; however,transientoverexpression
of NBR1 led to a decrease in lesions. This effect
was dependent on the ubiquitin binding domain and ATG8-interacting motif of NBR1,
suggesting that NBR1 contributes to autophagic degradation of one or more factors important for lesion formation. HopM1 levels were
unchanged by NBR1, suggesting that it targets
some other unknown factor(s). The authors
conclude that NBR1 selective autophagy acts
independently of the pathogen-induced proteaphagy mechanism and instead contributes to host defense.
The long evolutionary history of plants and
bacteria pathogens has lead to an arms race
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where a plant’s own defenses are sometimes
used against it. This appears to be the case with
P. syringae and autophagy. Whiletheplantuses
specific autophagic degradation to prevent
the formation of disease-promoting “watersoaked” lesions, the bacteria hijack the system
to suppress the proteasome.

Jenna Gallegos
Chemical and Biological Engineering

Colorado State University
Fort Collins, Colorado
jenna.e.gallegos@gmail.com
ORCID ID: 0000-0003-4875-8163

REFERENCES
Mostowy, S. (2013). Autophagy and bacterial
clearance: a not so clear picture. Cell. Microbiol. 15: 395–402.

523

€ u
€ n, S., Hafrén, A., Liu, Q., Marshall, R.S.,
Ust
Minina, E.A., Bozhkov, P., Vierstra, R.D.,
and Hofius, D. (2018). Bacteria exploit
autophagy for proteasome degradation and
enhanced virulence in plants. Plant Cell
30: 668–685.
€ u
€ n, S., Sheikh, A., Gimenez-Ibanez, S.,
Ust
Jones, A., Ntoukakis, V., and Börnke, F.
(2016). The proteasome acts as a hub for
plant immunity and is targeted by Pseudomonas type III effectors. Plant Physiol. 172:
1941–1958.

Autophagy: Both Friend and Foe in Pseudomonas syringae Infection
Jenna Gallegos
Plant Cell 2018;30;522-523; originally published online March 8, 2018;
DOI 10.1105/tpc.18.00203
This information is current as of August 16, 2018
Supplemental Data

/content/suppl/2018/04/09/tpc.18.00203.DC1.html

References

This article cites 3 articles, 2 of which can be accessed free at:
/content/30/3/522.full.html#ref-list-1

Permissions

https://www.copyright.com/ccc/openurl.do?sid=pd_hw1532298X&issn=1532298X&WT.mc_id=pd_hw1532298X

eTOCs

Sign up for eTOCs at:
http://www.plantcell.org/cgi/alerts/ctmain

CiteTrack Alerts

Sign up for CiteTrack Alerts at:
http://www.plantcell.org/cgi/alerts/ctmain

Subscription Information

Subscription Information for The Plant Cell and Plant Physiology is available at:
http://www.aspb.org/publications/subscriptions.cfm

© American Society of Plant Biologists
ADVANCING THE SCIENCE OF PLANT BIOLOGY

