LYSOSOME
PEROXISOME

LYSOSOME

LYSO- (lysis, meaning ‘to loosen’ ‘breaking down')
-SOME (soma, meaning ‘body’)
‘body that lyses’ or ‘lytic body’.

The Nobel Prize in Physiology or Medicine, 1974
Albert Claude, Christian de Duve, George E. Palade
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LYSOSOMES
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MARKER ENZYMES — ACID HYDROLASES

LYSOSOME IN MICROSCOPY

STANDARD MARKER ENZYME, ACID PHOSPHATASE
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LYSOSOME IN ELECTRON MICROSCOPY

Lysosome ultrastructure

Ultrastructural elements of lysosome
« membrane (single lipid bilayer)
¢ lumen (electron dense, heterogeneous)

Lysosome classification — functional evolution
- primary lysosomes (homogenous content)
- secondary lysosomes (heterogeneous content)
- tertiary lysosomes (residual bodies, lamellar content)

Lysosome classification — active site
- conventional lysosomes (inside the cells)

- secretory Iysosomes (lysosomal enzymes secreted
outside the cells)
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LAMP- lysosomal associated membrane proteins
LIMP - lysosomal integral membrane proteins
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Lysosome biogenesis

—— M6P receptor

1. Labeling of lysosomal enzymes, in cis area

2. Transport from cis-face toward trans-face, and maturation

3. Sorting and budding, in trans area, as primary lysosomes

4. Fusion with late endosomes or already existing secondary lysosome
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Lysosome functions

- PROTEOSTASIS
- DEGRADATION AND RECYCLING of
«intracellular substrates
« autophagy
« chaperone-mediated autophagy
* micro-autophagy
+ macro-autophagy
« extracellular substrates
+ endocytosis
* pinocytosis
« receptor mediated endocytosis
« phagocytosis
- CHOLESTEROL HOMEOSTASIS
- PLASMA MEMBRANE REPAIR
- APOPTOSIS — CELL DEATH
- SECRETION (cells with secretory Ly)

HETEROPHAGY, AUTOPHAGY
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Paul Sattig & Judith Klumperman, Lysosome biogenesis and Iysosomal membrane proteins: rlficking meets funciion
Nature Reviews Molecular Cel Biology 10, 623-635

(conventional) Lysosome functions
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AUTOPHAGY — disassembles unnecessary or dysfunctional components
of the cells (micro-macro-autophagy).

CRINOPHAGY - digestion of excess secretory vesicles.
HETEROPHAGY - digestion of material ingested via phagocytosis
(engulfment of a solid particle to form an internal compartment known as
aphagosome), endocytosis or pinocytosis (internalization of
extracellular liquids).

WeiLien Yen, and Daniel J. Klionsky. Physiology, 2008; 23: 248-262.

MICROAUTOPHAGY - type of autophagic pathway, mediated by
direct lysosomal engulfment of the cytoplasmic cargo
(cytoplasmic material is trapped by lysosomal membrane
invagination).

MACROAUTOPHAGY - type of autophagic pathway in which
targeted cytoplasmic constituents are isolated from the rest of the
cell within a double-membraned vesicle — autophagosome.
The autophagosome fuses with lysosomes to degrade and
recycle intracellular materials.

The Nobel Prize in Physiology or Medicine 2016
Yoshinori Ohsumi

@ Nobelprize.org
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Elconora Tutco, Sascha Marens. Insights into autophagosome biogenes's rom
in'vitro reconsitutions. Joumalof Sctural Biology. 2016, 196(1)75- 36
it cof o 10. 1016/ 50.2016.04.005.

AUTOPHAGOSOME BIOGENESIS

multiple membrane sources may contribute to formation and expansion of the phagophore.
« Aclass il phosphatidylinositol-3-kinases (PI3K) is needed for activation of autophagy.

41 autophagy related genes (ATGs) are involved in autophagosome formation

microtubule-associated protein 1A/1B-light chain 3 (LC3) - autophagy marker

Fulvio Reggiori and DanielJ. Klionsky. Genetics, 2013; 194: 341.361.

| Autophagosome formation
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CHAPERONE-MEDIATED AUTOPHAGY - chaperone-dependent
selection of soluble cytosolic proteins (!selective), then targeted to
lysosomes and directly translocated across the lysosome
membrane for degradation.

HSC 70
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LAMP 2A

Cellular pathways of protein degradation
—misfolded proteins removal —

ribosome folded protein
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Mathew P. Jackson, Eic W, Hewt. Celluar 2016; 6000 173-180.

late endosome

...THE FIRST LIVE-CELL MOVIE

This video is taken from a 16-mm movie made in the 1950 by David

Vanderbilt University
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LYSOSOMES
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SECRETORY

SECRETORY LYSOSOMES
LYSOSOME-RELATED ORGANELES

Emma J. Bot and Gillan M. Grfis S lysosomes. Nature
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PLASMA MEMBRANE REPAIR BY LYSOSOMAL EXOCYTOSIS
(secretory lysosomes)
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Timeline for discoveries on lysosomal storage disorders (LSD)
and their impact on cell biology

Major discrosries in the field of hyvosomal siorags diserder
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Emma J. Parkinson-Lawrence et a. Physiology, 2010,25:102-115

Lysosomal diseases

Lysosomal storage diseases (genetic diseases)

« about 50 different disease

« defects in lysosomal biogenesis, membrane proteins
or lysosomal enzymes

« first described Tay-Sachs disease (1881)

« difficult to classify

(glycogen storage disease type Il, mucopolysaccharidoses,
ipidoses, oligosaccharidoses, lipidoses, sphingolipidoses,
lysosomal transport diseases, ...)

Lysosomal transport diseases
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Lysosomes Summary

« Lysosome is a digestive organelle, feeding the cell

« Lysosome biogenesis involve ER, Golgi and a
highly controlled membrane traffic

« There are three pathways to degradation in
lysosome: endocytosis, phagocytosis and
autophagy

« Lysosome function need a significant diversity of
acid hydrolases, and a pH of 5 E

« Secretory lysosomes key role
in immunity




