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Fig. 1. Types of autophagy in mammalian cells. Three types of autophagy have been described in mammalian cells

(Singh R, Results Probl Cell Differ, 52, 35-46, 2010).

334



o= Felol= Ao R JYAY e st =
2 shgHEol| ofsf &d3} Hrt. CMACA o] 7]
2.0 o] 218 Z-5)(recognition template) Q] KFERQ
motifE zta glo] MEZ ] 484 chaperone
hsc70¢l &J3) Q12 F- gto]iF o= o) FsHA €
THFig. 1). Sl E-hsc70 HAI= holada 2
ol = Tl LAMP-2A 2 =879} Aest

H hsc703} AgtEo] gl vhAe unfolded E L
2 LAMP-2A receptor® T4 ¥ translocation
complex B3 ehol 1% olo 2 Sofgict, o]
o]z} chaperone?l lysosomal hsc70(lys-hsc70)9l|
oJf unfolded ©Hll o] 2ho] g Qto 2 4413]
Sol7hel 2ol el Fel ool Halv ol
o] A}, Hsc70 o]29]dll %z, hsp90-& cdc373} EgtA|
S o5 248 vEREee s Audog A7)
3= chaperone-mediated mitophagy 7152 3F=
Ao 2 HZ HaEQlt), o] H3HAl= autophagy
TNAE Ll ULK1-Atgl3 B34 ¢] Kinase 843
I PN Z2del fofFto 2 nEF =0} F
ol lipid bilayer® 4% membrane vacuole©]

SUHEE frd,

Early Endosome

Isolation Membrane Autophagosome

Nucleation Expansion

Multivesicular Body

Amphisome

Maturation

KR HALOI A Autophagy?l 7|s

Autophagyd 4

Macroautophagy(¢]%- autophagy = $15)+= bulk
lysosomal degradative pathway 2 autophagy©l|4]
7P = Alzgofoh, F 5Wrt XS A 2o
4] autophagy 18 7ol Fa3k A4S Y3}
© 2F 307¢] autophagy #HE ThlAESo] gl
= Ach(Fig. 3).

HA7FA] autophagy @ @A o= ULK1
7} ULK2(Unc-51-like kinase-1 and -2)7} 717 23
Sl 2deh= Ao duA glon, UlKse
Atgl3, FIP200(focal adhesion kinase family-inter-
acting protein of 200 kDA) & Atg1013} B34 =
o] F A autophagy?] initiationol] Frefakar it}
o]& E3Al+= mammalian target of rapamycin
(MTOR) complex1(¢]& mTORZ 52| EAdol
w2} 2™ E o=, mTOrR7F &/33tHe 3%
o] = kinase TH A<l ULKse] ¢14H}E 213}
1 84S JANTIAL, mTOR &do] sl 7
$-oll= ULKs 212ksl7l A E ARt ULK2] auto-
phosphorylationol] ¢J&}] ULK kinase &4do] Z7}

‘\\JLate Endosome
fxaT

Autolysosome

Degradation

Fig. 2. The autophagic pathway comprises four stages: nucleation, expansion, maturation, and degradation (Simonsen

A et al, J Cell Biol, 186, 773-782, 2009).
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Fig. 3. Stages of autophagy. The initiation is sustained by activation of ULK1 and ULK2 complexes. which are
inhibited by mTOR. autophagy. The nucleation depends on Beclin 1-Vps34—Vps15 core complexes and
other proteins, The elongation of the phagophore is mediated by two ubiquitin—like conjugation systems that
together promote the assembly of the ATG16L complex and the processing of LC3. PE, phosphatidyl—
ethanolamine, The maturation is promoted by LC3, Beclin 1, the lysosomal membrane proteins LAMP—1

and LAMP-2, the GTP-binding protein RAB7, the ATPase SKDT1,

the cell skeleton, the pH of lysosomes

and possibly presenilin 1(PS1). Autophagic lysosome reformation(ALR) cycle. (Kang R et al, Cell Death

Differ, 18, 571-580, 2011).
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Fig. 4. Phosphorylation regulation of ULK1/2 complexes by mTORC1 in response to nutrient levels, mTORC1
phosphorylates ULK1/2 and Atg13 and inhibits the kinase activity of ULK1/2 under high nutrient conditions,
Under starvation, mTORC1 phosphorylation of ULK complex is suppressed releasing ULK from mTORC1
inhibition, which subsequently induces ULK to phosphorylate Atg13, FIP200 and itself. (Jung CH et al,

FEBS Letter, 584, 1287-1295, 2010).
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Fig. 5. Model of the role of three Beclin 1-Vps34 complexes. Three Beclin 1 complexes function in two different steps
of autophagy, as well a in the endocytic pathway, by varying their subunit composition (Matsunaga K et al,

Autophagy, 5, 876-877, 2009).
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Fig. 6. The process of macrolipophagy occurs by the de novo formation of elongated membrane that sequesters
cytosolic lipid droplets and delivers the lipid cargo to the lysosomes for degradation. (Singh R, Results Probl

Cell Differ, 52, 35-46, 2010).
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Fig. 7. Lipid droplet breakdown by lipophagy. (a) In the normal state, during times of sufficient nutrient supply. (b)
when the cell is stressed either by nutrient deprivation or excess of lipids, LD breakdown by this lysosomal
pathway is increased. (Dong H et al, Trends Endocrinol Metab, 22, 234—240, 2011)
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proposed underlying mechanism (Zhang Y ef al, PNAS, 106, 19860-19865, 2009).
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