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oS polie Mgl A e g A8 o Dgdzme i W |y polie WiST b o S Cigee
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Bl Cawly Cuoww 23 50 4311 1, proLC3 (gale i3l 51 5! a5 (1) Jib 3943 50 cpBVDV JaCP &
oY 9301 s 0ileud = PE (ETFGTA (JUo ;ylois d) a2 0 Wi (paiigpn 13 1) dbgspo diel (sldisww!
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o) S o Jos (658 ATGAB 41y o Jowe (lecds &S 0iS 0 dbol 1) (TFG/GP)
Sooie (or lp o odda Sladlhg) (om0 )3 ATGAB dawly b Siidgligy (b

! Meyers 2 Duplicated



www . takbook . com

| Tl 9 Cdgds (S5l YA
& e 35 wg 4 g odd I NS3 pglie (Vb aaw 4 yoie od o Jlos! NS2/3
CutS ) Silgions Sl GLIBEIL ) 208 s & &5 398 0 (wapg 2lilon Gl B

GABARAP ( Jslw LC3 ,55 Solgen 93 a8 0 LS iy Olelllas ¢ 295 b job
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TABLE 6.1 Known interactions between flaviviruses and the autophagic pathway

Wirus Induces Cell Role Inhibiting Inducing Function of Reference
autophagy Type autophagy autophagy anfophagy
DENY Yes Huh7, MEF Provwiral Diecmeases replication Incremes viral Une lear (Lee et al, 2008)
replication
Yes Hep(i2 { DENY-T) Poviral  Decmreases replication  Incremes viral Autophagosomes localize (Parymnvanit
replication with dsRMA and M51 [ L2008
Yes Hep(i2 (DENV-3) Proviral — Decreases replication Increases viral Antophagosomes localize i Khakpoor et al.,
replication with deRMNA and N51 2009
Yes Huh7, Huh7 .5, HepGZ, Proviral  Decmeases replication Mot iested Lipid metabolism (provides iHeaton and
BHE FFAs for h-oxidaion) Randall, 201073
Yes MDCK, MEFs, Vem, Prvwiral Increases cell death Enhances Cytoprotection i Molean et al,
293T, Heln cvtoprotection 2011
Yes BHE, Huh7, A3 29 Frowiral — Immature virions Incresses specific Lipid metabolism, virion iMateo etal, 200133
mice (Vinon) relemsad infectivity of maturation
vims
Yes U937 Antiviral® Mo effect Decreases Linclear (Panyasrivanit
replication etal, 2001)
Yes MEF Proviral® Mot res ted Increases viral Mot examined (Teramoto et al.,
replication 2013
WHNY Yes Vern, MOC, BSC, MEF Meither Mo effect M effect Mo effect i Beatman et al,
20
M A549, Hela, HuhT, Meither Mo effiect Mo effect NA ( Vandargaast and
Huh 7.5, 293T, Fredericksen,
NeuroZA, m5-7, 2012
hibroblasts
astmeytes
Mot CATRL/A Antivral® Mot tesied Decreases virl Induction of autophagy limits  (Shoji-Kawaia
examined replication in viral replication ctal, 2013
NEum s
JEY s NT-2, N-18 Froviral  Decreases replication  Increases viral Early ininfection, JEV virion (Liet al,, 2012
replication localizes to amph isomes
es Neurola, AS9 Pmviral  Decmeases replication,  Not tested Blunted immune respomse Clin et al, 20013%)
incnzases cell death, and cell death
innate immun ity
Moo Yes MDCE, MEFs, Yem, Pmoviral  Increases cell death Enhances Cytoprotection iMcleanet al,
Wirus 293T, Hella cvioprotection 2011

“Tn these atudies only the induction of autophagy on twop of vims infecton wee examinad or had an effect,
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preferentially kill HIV (Viral Eradication)
o o lnfecled cells
Ower induce autophagy to reactivate
Resting CD4+ T cells HIV from infected cells (e.g. HDACH)
HIV may be integrated

or unintegrated Induce autophagy to improve MHC

class | and class |l presentation to Functional Cure
provide immunelogic control of HIV
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Box 9.1 Animal models used to study bacterial autophagy in vivo

Animal models used to study bacterial autophagy in vive include Dictyvostelium dis-
coideum (amoeba), Caenorhabditis elegans (nematode), Drosophila melangastor (fruit
fly), Danio rerio (zebrafish) and Mus musculus (mouse).

The first in vive report of autophagy in host defence came from Lisferia infection
of Drosophila, and autophagy was shown to control bacterial infection (Yano et al.,
2008). In agreement with this, model organisms Dictyvostelium, C. elegans and zebrafish
revealed a critical role for autophagy in resistance to Salmonella (Jia et al., 2009),
Legionella (Tung et al., 2010), Shigella (Mostowy et al., 2013), and Mycobacterium
marinum (van der Vaart et al., 2014). Studies of bacterial autophagy using mice
have been difficult because knockout of the murine core autophagy machinery is
embryonic lethal (Mizushima and Komatsu, 2011). However, several conditional
autophagy-deficient mice are now available, and these strains have significantly
contributed to the infection field. Arg5-deficient mice have been infected with M.
tuberculosis (Castillo et al., 2012; Watson et al., 2012) and Salmonella (Benjamin
et al., 2013); Arg7-deficient mice have been infected with M. bovis BCG (Bonilla et al.,
2013); and Atgl61-deficient mice have been infected with Salmonella (Conway et al.,
2013), uropathogenic Escherchia coli (UPEC) (Wang et al., 2012a), and Cifrobacter
rodentium (Marchiando et al., 2013). Strikingly, the impact of autophagy depends
on the pathogen under investigation. In the case of mycobacteria and Salmonella, it
is clear that autophagy restricts bacterial replication in vivo (Benjamin et al., 2013;
Bonilla et al., 2013; Castillo et al., 2012; Conway et al., 2013; Watson et al., 2012).
By contrast, analysis of UPEC and C. rodenfium indicates that autophagy deficiency
confers host protection in vive against infection (Marchiando et al., 2013; Wang et al.,
2012a). How UPEC and C. rodentium may co-opt ATG16L1 and avoid autophagic
degradation remains to be fully determined.
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Box 9.2 Autophagy—cytoskeleton interactions revealed by bacterial pathogens

Interactions between autophagy and the four components of the cytoskeleton (actin,
microtubules, intermediate filaments, septins) are poorly understood. Detailed study of
cytoskeleton manipulation by bacterial pathogens promises to reveal new insights into
autophagy—cytoskeleton interactions, as well as unexpected links between autophagy
and the cytoskeleton in uninfected host cells.
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e Proteins involved in actin-based motility have been linked to autophagy. In the
case of Listeria, the polymerization of actin by ActA inhibits bacterial destruction
by autophagy (Mostowy et al., 2011; Yoshikawa et al., 2009). By contrast, in the
case of Shigella, the polymerization of actin by IcsA/N-WASP is required for
bacterial autophagy (Mostowy et al., 2010, 2011). These observations suggest
that Listeria and Shigella are recognized by different autophagy pathways, and
the precise role of actin in autophagy differs between pathways.

e Microtubules enable vesicle trafficking required for autophagy (Monastyrska
et al., 2009) and are also targeted by some bacterial pathogens to manipulate
cellular processes (Radhakrishnan and Splitter, 2012; Yoshida and Sasakawa,
2003). Examples include destabilization of the microtubule cytoskeleton by
Shigella equipped with VirA (Yoshida et al., 2006) or stabilization of the
microtubule cytoskeleton by Salmonella using the T3SS effector SifA (Brumell
et al., 2002). It is likely that pathogen interference with microtubules has a
profound impact on autophagy, although this hypothesis has yet to be tested
directly.

e In a noninfection setting, the intermediate filament vimentin has been shown
to suppress autophagy by interacting with ATG6 (Beclin 1), a protein crucial
for autophagy initiation (Wang et al., 2012b). It is tempting to speculate that
pathogens such as Chlamydia trachomatis that manipulate intermediate fila-
ments for intracellular survival (Kumar and Valdivia, 2008) can also manipulate
autophagy.

o Experiments with Shigella and M. marinum have shown that septins form cage-
like structures and target bacteria to autophagy (Mostowy et al., 2010, 2011,
2013). Although the precise role of septins in autophagy remains to be deter-
mined, studies have clearly demonstrated that septins scaffold the autophagy
machinery around actin-polymerizing bacteria (Figure 9.1, in the Plate Section).
Whether bacterial pathogens can exploit septin assembly to counteract autophagy
is not yet known.

Figure 9.1. Immunofluoresence microscopy of Hela cells infected with Shigella, highlight-
ing the fact that cytosolic Shigella can form actin tails or recruit septin cages. DAPI (blue),
F-actin (green), and SEPT7 are shown (red). Note the Shigella-actin tail (yellow arrow) and the
Shigella-septin cage (white arrow and inset image). Scale bar, 2 pm. Adapted from Mostowy, S.
Autophagy and bacterial clearance: a not so clear picture. Cell Microbiol 15, 395-402. Copy-
right © 2013, John Wiley & Sons, Inc. (see Plate Section).
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