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New Insight in the Membrane Dynamics of Autophagy

by Studies on Apg8p
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Autophagy is the nonselective bulk protein degradation system in the lytic organelle, the
lysosome/vacuole, and an example of non-classical vesicular transport from the cytoplasm to the
compartment via double-membrane vesicles, autophagosomes. So far, 15 APG genes essential
for autophagy have been cloned in the yeast Saccharomyces cerevisiae, and some APG gene
products have been characterised. However, the molecular mechanism of membrane dynamics of
autophagy, in particular the foramtion of autophagosomes, is still unclear. The APG8 gene
encodes a small hydrophilic protein with about 15 kD in mass. The gene product, Apg8p,
drastically increases in abundance by induction of autophagy. The elevation of amount of Apg8p
is regulated transcriptionally. In spite of the hydrophilic nature, Apg8p is mainly bound to
membrane both growth and starvation conditions.

Many homologs of Apg8p exist in various eukaryotic organisms. One of the homologs,
LC3, binds to microtubule in vitro. Thus, he examined requirement of microtubule for
autophagy morphologically and biochemically using a microtubule depolymerising drug, and
clarified that microtubule is not necessay for autophagy. ‘

After confirming that Apg8p functions in the formation of autophagosome, intracellular
localization of Apg8p was assessed by immunofluorescence and immunoelectron microscopic
analyses. The analyses revealed that Apg8p resides on the membrane structures at the various
stage in autophagosome formation, autophagosomes and autophagic bodies. Apg8p is the first
identified molecule that traces the whole process of membrane dynamics in autophagy.
Immunoelectron microscopy also revealed that Apg8p is more enriched on the membranes of the
intermediate structures of autophagosome than on those of mature autophagosomes. The result
indicated that Apg8p should directly function at the step of autophagosome formation and
suggested that it may be detached from the membranes before autophagsome is formed up
completely. Furthermore, the observation of the formation process of autophagosomes traced
with Apg8p provided a new proposal that autophagosomal membrane may be generated de novo
from some source membrane structures, that include Apg8p-localized membrane structures, but
not from preexisting membrane cisterna.

As described above, Apg8p seemed to be a key molecule for elucidating the molecular
mechanism of autophagosome formation. Thus, he performed further characterization of Apg8p
and discovered that Apg8p undergoes a novel reversible modification. Apg8p is produced as the
precursor form in cells. The newly synthesized Apg8p is cleaved by a novel cysteine protease,
Apgdp, to remove the original carboxy-terminal arginine residue, and thereby a Gly residue
becomes the carboxy-terminal residue of the protein. Subsequently, Apg8p forms a covalent
conjugate with a general glycerophospholipid, phosphatidylethanolamine (PE), which is a major
component of biological membrane. Apg8p binds to PE via amide bond between carboxyl group
of the carboxy-terminal glycine of Apg8p and amino group of PE. The formation of the adduct,
designated Apg8p-PE, requires Apg7p and Apg3p. Finally, Apg8p-PE is deconjugated to Apg8p
and PE by cleavage action of Apgdp. Apg7p and Apg3p were already identified as the
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modification enzymes for Apg8p, which are equivalent to E1 and E2 enzymes for ubiquitination,
respectively. Furthermore, the mode of action of Apgdp, which cleaves both newly synthesized
Apg8p and Apg8p-PE, well resembles that of some deubiquitinating enzymes which cleave both
the precursor of ubiquitin and the adducts of ubiquitin with substrate. The overall similarity
demonstrates that ubiquitination-like system involves in the formation of Apg8p-PE. So far,
there had been no report that ubiquitination and the related systems are utilized to protein-
lipidation. This is the first evidence that ubiquitination-like modification mediates protein-
lipidation. At the point of protein-lipidation, this study showed the first example that protein is
covalently conjugated to phosphatidylethanolamine.

The formation and deconjugation of Apg8p-PE is essential for formation of autophagosomes.
Free Apg8p is originally loosely membrane bound or soluble. The reversible modification
changes the membrane-binding state of Apg8p. Apg8p turns to be bound to membrane tightly by
the conjugation with PE, and it is returned to loosely-membrane bound or soluble by the
deconjugation. These features are consistent with morphological evidence that Apg8p is well
localized along the membrane of autophagosome intermediates but little detected on mature
autophagosome. The regulation of the membrane-binding state of Apg8p by the reversible

modification is essential for autophagosome formation.
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THd. HEFHAOBERZDCIBRKOBED1DE, A— 7 7dV—50RiEh3
BEEEEAPOPICHBACKEZER LSBT V8- A Y MCHBERS 2% D AT
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MBXERMERICRARSY >80 HE Apg8p DT 2 L. Apg8p D HLEZERHAFTICZE
ORBEAVFEIN, MIRARBEEZARSEHIELIL. IHKEIO&EHEPA—bbT 7
V- RbOIEBERCIBETZILEZRR Lz, kA — b7 73V — LERER
OMEHFRETH>ZHAZIOBRBEICKRENERS VR 7EDB R P ETERL
TWbe, HORREIA— N7 7IYV—LEKEZER T2 L TEEREKEZRF>TWVWS, H
ARFREBEBRRLEOHARBMERZED., Apg8 KA — b7 7TV —bEAPRKICEE
TRZEEHEHLPEL, A= T77dV—L0BRICHETIREOERICLI2HWAALT
ZREOHEBETETINVERELE. COBRRBIMEEDFSBH TR OERD 5 EHBEE J.
Cell Biol. i 1 FE4E 10 HB BRI /=,

BNTZDO—FEMTApg8p DX 6 RZ2MBHZ2HED. LEEETNVEERIETHHEX LWVWAK
REBIT NS, Apg8p XFIRE C-RFEOTPNF U2 ZIT S, ooty vy
PDA—bP 77V —DEFTIIHBBETH D, SHIZIOUMICIIBREAERTF L LTHBX
NTW/z APG4 DBEELTWB 2 REIEDE, I HICHITERE invitro RITLD
Apgdp DHROIZAFA 70T 77— LTI 70y v FIZHNTNWEILER
WELE. 2O70%Y 7L oTC Apg8p @ C-RKMIZZ VS U MBNEHT 5, Apg8p I&
%7’?63‘@%?%#%453‘%:abs_tt)cmb\ PNFZUUEE C-ERKmTI) AL TES
CHRZgEMm2ZT. BIIaBEICHES T 28 Apg8X TERINS, SHITEERI LT
Apgd DBIZ7D LYV VBEL L THEELTVWAD TR, —BEIZHSE& LT Apgs-
X BFhHEPLHRTEI A - 7 7Y —DHETIIMHEBETHAZLERHELE,
Apg8p EZA—rI7 7 IV —LARBRICEBLIBHRBICI>T—EBNICRICKESTSI L
PEETCHD, ChOHOFBRIIVEE 10 A 16 HS5 D J.Cell Biol B INE. TOWMX
FRERAUNI 252250 LT, JCellBiol DRI RE_ 22— & LTHENE
T3,

IO COEMHRBPIEFF UVIZHEMULEFERIBRICE>TWAZ L2, BIFRE
—NEBEECHBETHLPIZ UERAE Nature ICRER LU= BB Apg8id 70 X2 Z 1T =21,
Apgl2 ZEMLT 2 E1 B E ApgT KXo THEMLIN. FHRO E2EBEETH 5 Apgd3 %
W END, BRI LICERNIT Apg8 ORI ) Y VI EKEO X BEEREED —
DCHBIRRATZ 7 FIONIY )=V TIVOTI)RETINESGRERT . WAL
CBIFA3FRE0/0MITdREH{ERL UTEMBOJ. CHEINTWVSE, TOLDI
WIBICEELRXIC T2 RBERE2ED VWD L EEBELEB B CHE L,

BAHMmXE LTRESINEZHESARBCHVWTOEEELEI Y -B, EEZEBIPHIXABIC
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