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Structural and functional analysis of intra-cellular

transport between Golgi apparatus and endosome/

lysosome system using synchrotron radiation
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Living organisms are composed of many kinds of protein and metabolize these
proteins to maintain their bodies. All eucaryotic cells have membrane-bound
organelles, such as nucleus, endoplasmic reticulum, Golgi apparatus, endosomes and
lysosomes. Proteins and lipids are mainly transported by membrane traffic between
these organelles. The intracellular protein transport is important for cellular function
and mistransported cargo proteins can cause serious nervous diseases. In order to
elucidate the intracellular transport, I pursued crystallographic study of GGA
(Golgi-associated, y-ear-containing, ARF-binding) protein in the clathrin-mediated
membrane traffic

Clathrin-mediated membrane traffic is responsible for protein transport from the
plasma membrane or the frams-Golgi network (TGN) to the endosomal/lysosomal
system. The recruitment of clathrin is mediated by GGA proteins and adaptor protein
(AP) complexes. GGA and AP-1 complex are thought to cooperatively regulate the
packaging of cargo receptors such as mannose 6-phosphate receptors (MPR) to
transport vesicle at the TGN. GGAs are composed of three domains and one flexible
region: the N-terminal VHS (Vps27p/Hrs/STAM) domain which recognizes C-terminal
tail of cargo receptors such as MPR, the GAT (GGA and Tom1) domain which interacts
with the GTP form of ARF on the TGN membranes, the proline-rich hinge region which
interacts with clathrin, and the C-terminal GAE (y-adaptin ear) domain which interacts .
with a number of accessory proteins that regulate membrane transport. Accessory
proteins localize on TGN membrane, clathrin-coated vesicles, endosomal membrane
and so on. Thus, GAE domain may regulate the formation, maintenance and
disassembly of clathrin-coated vesicles through the interaction with various accessory
proteins.

First, I determined the crystal structure of GAE domain of GGAl. GGA1-GAE
forms an immunoglobulin-like B-sandwich fold composed of two B-sheets (strands
B1-p2-B3-B5-B6 and B4-B7—B8) and one a-helix. This structure is similar to the y1-ear
structure but GGA1-GAE forms a dimer in the crystal. The dimerization of GAE
domain in crystal was the first observation. To elucidate the dimer formation of
GGA1-GAE in solution, small angle X-ray scattering (SAXS) of GGA1-GAE was
measured. I compared the Kratky plots of SAXS data with the crystal structure. The
data shows GGA1-GAE also forms dimer in solution.

To elucidate the interaction mechanism between 'GGA1-GAE and accessory
proteins, I measured the binding affinities of GGAI-GAE to accessory proteins and
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determined the complex structure of GGA1-GAE with the accessory protein peptide.
GGAI1-GAE bound to accessory proteins mainly through hydrophobic interaction.

Recently, y-ear domain of AP-1 which is homologus to GAE domain was shown to
interact with the "WNSF" motif in the GGA1 hinge region. I found that GGA1-GAE
interacts with GGA1 hinge region. I measured the binding affinity of GGA1-GAE to
GGAL hinge in vitro and determined the complex structure of GGA1-GAE with the
GGAL hinge peptide. The complex structure revealed that the accessory proteins and
GGAL hinge interacted with GGA1-GAE at the same binding site. I confirmed that
the GGA-GAE and GGAI hinge interaction competes with accessory protein using
fluorescence spectroscopy. These suggest that the autoinhibition of GGA1-GAE by
GGALI hinge controls the clathrin mediated traffic pathway.

In summary, I researched GGA1l to understand clathrin-mediated transport. I
analyzed structurally and functionally about the GAE domain of GGA1. I propose that
the autoinhibition of GGA1-GAE by GGA1 hinge may regulate the clathrin-mediated
transport.
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