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In order to gain insights into regulations of various membrane structures in cell, Arfaptin,
a protein involved in tubule formation at rrans-Golgi network, and AtgloL, a protein involved
in formation of autophagosomes, were subjected to structural studies.

BAR domain-containing protein Arfaptin is known to be associated with both tubule
formation and newly identified tubule stabilization. Arfaptin-2, which was originally
identified as binding partner of Racl, induces membrane tubules in Golgi-membranes after
being recruited onto the membrane by Arll. Arfaptin-1, which is not a binding partner of Racl,
was recently shown to be associated with the regulation of the fission of secretory granules at
the trans-Golgi network. The two isoforms share similar domain structure and amino acid
sequence similarity of 68%, but recent reperts suggest that they have specific functions and
associated with different reguiators. For instance, the membrane association of Arfaptin-2 is
regulated by phosphorylation of Ser260 by Akt, where as Arf-association of Arfaptin-1 is
regulated by phosphorylation of Seri132 by Protein Kinase D.

Arfaptin-2 was originally identified as a dual effector of the Rac and Arf, suggesting that
the membrane-deformation induced by Arfaptin-2 is modulated by the two GTPases. The
crystal structure of the Arfaptin-2 BAR domain in complex with Racl revealed that a Racl
molecule binds to the concaved face of the Arfaptin-2 BAR homodimer, suggesting that the
Racl binding interferes with membrane association of the BAR domain. It was also reported
that Arf and Racl bind to the Arfaptin-2 BAR domain in a mutually exclusive manner.
However, the molecular basis for the possible crosstalk between Arf and Racl GTPases
mediated by Arfaptin-2 remains to be elucidated.

Arfaptins are known to localize in the Golgi region when exogenously expressed in cells.
Man et al. have recently reported that endogenous Arfaptins are recruited onto trans-Golgi
membranes through interaction with the Arf-like 1 (Arll) GTPase rather than Arf GTPases.
Arfaptin-2 is often found on dynamic vesicular and tubular structures emanating from the
Golgi region where Arll colocalizes with, suggesting that Arll regulates Arfaptin-mediated
membrane deformation at the trans-Golgi.

In this study, the crystal structures of Arfaptin-1 in free form and Arfaptin-1 or
Arfaptin-2 in complex with Arll were determined. The complex structures showed that two
molecules of Aril bind symmetrically on cach side of the crescent-shaped homodimer of
Arfaptin BAR, leaving the concave face open for membrane association, thus providing
structural basis for recruitment of Arfaptins onto Golgi membranes by Arll and initiation of
membrane remodeling. The inspection of the interface revealed that Arfaptin-2 associated
with hydrophobic pocket in switch region of Arll through hydrophobic residues in a2 and o3
helices. The requirement of those residues for binding was confirmed by GST-pulldown assay.
Surface Plasmon Resonance (SPR) experiments revealed that Arll and Racl bind to
Arfaptin-2 with affinity in pM order. Structural comparison between Racl-Arfaptin-2 and

Arll-Arfaptin-2 and SPR experiments indicated that Racl interferes with second molecule of
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Arll on Arfaptin-2.

Two ubiquitin-like conjugation systems exist in Autophagy-related protein (Atg)
family. One is the LC3 system, in which LC3, a mammalian homologue of yeast Atg8 is
conjugated to phosphatidylethanolamine. The Atgl6L complex is regarded as a novel type of
the E3-like enzyme, which conjugate LC3 to a specific membrane component,
phosphatidylethanolamine (PE). Ethanolamine-conjugated LC3 and its orthologue GATE-16,
as well as yeast Atg8, promote tethering and hemi-fusion of membranes in vitro, and are thus
suggested to be essential for elongation of isolation membrane in autophagy. Because the
Atgl6L complex dissociates from the membrane upon the completion of autophagosome, it's
main role is suggested to be the regulation of this elongation step.

Yeast Atg proteins are more thoroughly studied compared to that of Mammal's.
Multiple crystal structures of the components of yeast Atg5-Atgl2/Atg16 have been reported.
The model of the overall structure has been proposed; Atg5-Atgl2 conjugate binds to
N-terminal helix of Atgl6, which dimerizes through its C-terminal coiled-coil domain to form
complex that contains two molecules of the three Atg proteins. It has been shown that Atg5 is
responsible for membrane-association of the complex, and that Atg5-Atgl2/Atgl6 complex
alone is sufficient for homotypic tethering in vitro. It has been shown in vive and in vitro that
Atgl6 is required for the efficient conjugation of LC3 and PE. More specifically, the
dimerization of Atglé at through its coiled-coil domain is reported to be essential for
autophagy in vive.

Mammalian Atg5-Atgl2/Atgl6l. complex too depends on the Atg5 for the
membrane-association, dimerizes through the coiled-coil domain of Atgl6L and has E3-ligase
activity toward LC3. However, notable differences are present in Atglél, which contains
C-terminal WD40 domain and binds to small GTPase Rab33 at the region following the
coiled-coil domain. A single nucleotide polymorphism in WD40 domain is associated with
inflammatory Crohn's disease. As the defects in pathogenic clearance or regulation of immune
response is the likely cause of this disease, the WDA40 domain of Atgl6L may play important
function in the regulation of autophagy as part of immune response, a function absent in
yeast.

It has been demonstrated that Rab33b, a Golgi-resident protein involved in the
Golgi-to-endoplasmic reticulum (ER) retrograde membrane trafficking, directly interacts with
Atgl6L in a guanosine triphosphate (GTP)-dependent manner, Rab33b does not interact the
coiled-coil region of Atglel (residues 80-200), but does interact with slightly longer
construct of Atgl6L (residues 141-265) Therefore, Rab33b is likely to interact with Atgl6L
on the domain distinct from that required for oligomerization. Furthermore, GFP-Rab33b
recruits not only Atgl6L but also Atgl2, which does not directly bind Rab33b. This indicates
that Rab33b is able to recruit the Atg5-Atgl2/Atgl6L complex. Although the Rab33b-binding
domain of Atgl6L strongly inhibited autophagosome formation, depletion of Rab33b by
siRNA has little effect on autophagosome formation. This suggests that recruitment of
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Atg5-Atg12/A1g16L complex to the Golgi by Rab33b may be required for the types of
autophagy other than macroautophagy.

In this study, the analytical size-exclusion chromatography was used to confirm the binding
between Algl6l coiled-coil region and Rab33b. Small-Angle X-ray Scattering (SAXS)
experiments were carried out to determine the conformation of the coiled-coil region tailed by
Rab33-binding region. The crystal of Atgl6L coiled-coil region revealed unexpected

anti-paraliel coiled-coil structure, a characteristic unobserved in its yeast homologue Atglé.
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