Dr. Mircea Leabu. The Golgi Apparatus (lecture iconography)

The Golgi Apparatus

(how to become fascinator starting by being suspect)

Definition
Structure, ultrastructure
Functions

Golgi-RE cross-talk in membrane biogenesis
and intracellular traffic

Cellular structures acting in membrane
biogenesis and traffic
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Golgi Complex under light microscopy
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TABLE 1 - SOME IMPORTANT MILESTONES IN COLCI RESEARCH
L]
H t Year Event Discoverer(s)
I S O r y 1898 Discewvery of the Golgi apparatus Gelagi
1954 First electron microscopy (EM) description of the Golgi apparatus Dialten and Felix
1957 Cisterral maturation model of Colgi transport Grassé
1961 Compartmentalization: regional distribution of encymes Novikolf and Coldfischer
1964 Invelvement in sllation Godman and Lane
1966 Invelvement in glycosylition: ghicose incorporation Neutra and Leblond
1967-1975  Rele in secretory pathway defined and vesicuar transport documented Palide, Jamieson and cowerkers
1969 Incorporation of marnose in endoplemic reticulum (ER), gabictose in Golgi Whur, Herscovics and Leblond
Galactosyltranslerase 2 a biochemical marker for the Golgi apparatus B. Fleischer ot ol; Merre et ol
1971 GERL concept Novibolf and Novikoff
1973-1981 Rele of marnose 6 phosphate in lysosomal eneyme sorting by Golgi Sly, Neufel, Kornleld, Jourdian
1977 Demenstration of recycling plasma membrane to Colg Herzoqg and Farqubar
1980 Introduction of glyccsidase (endo H) treatment to assess transport Strous and Ledish
1981-1982  Tepdegy of Nglycosyltion Dunphy and Rethman
Immunocytechemical beaization of galactosyitranslesase to frars Golgi Roth and Berger
R in witroof t twithin Golgi tack Rothman & of.
1984 Description of 15° black and cargo accumulation in pre Golgi Sarate andd Kuigmanen
intermediate compartment
1985 Regulated vs. secretory pathways Moore and Kelly
1986 Description of 20° black and cargo accumulation in transColgi Gaffiths and Simens
retwvork (TGN)
1987 T mbrane domain required for retention of resident Colg proteins  Machamer and Rose
KDEL retrieval signal for resident R proteins Munro and Pdham
Invelvement of smal GTP.binding proteins in vesicular tansport Salminen and Novick
Heterotrimesic Gproteins implicated in traffic control Melargen o ol
Recorstitution in witro of ER-to Gelgi trarspert Becker and Bakh
1988 holation of ER-Gelgi mtemediate compartment (ERGIC) Schweizer ot ol.
1990 Applcation of brefeddin A to study Golgi- IR traresport Lippincott. Schwartz ot ol
From: Phospheinasitide 3-binase implicated in contrel of Gelgi traffic Herman and fmr; Schu et ol
Fraquhar MG, Palade GE. (1998) 1991 Disconvery of COPI coat 0‘::*“#\1; Serafini ot ol
aters ot al.
The Golgi apparatus: 100 years Demcastration of role of Gai3 in traffic control Stow et ol.
Of progress and COntroversy 1993-19%  Demoritration that ERto-Colgi transport is selective &;::f}:l:‘mm Sewger:
Trends in Cell Biology, 8, 2-10 1994 Discovery of COPN couted vesicks Rarlow et ol
COM functions in Gelgi2o-ER retrograde tramsport Letourneur o of.
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Golgi Complex Ultrastructure
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Functions of Golgi Apparatus

Sphingolipid processing (sphingomyelin, glycolipids);
Protein glycosylation (terminal glycosylation of N-
linked glycans, O-linked glycans producing);
Glycosaminoglycans (GAG) biosynthesis;

Sulfation of some sugars (glycoproteins, GAGS);

Synthesis of the mannose-6-phosphate marker on
lysosomal hydrolases, and lysosome biogenesis;

Protein maturation;

Sorting and transport of biomolecules to final cellular
location.

N.B. Step by step ordered biochemical events in Golgi

apparatus
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Ultrastructural cytochemistry
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Models Concerning Golgi Apparatus
Dynamics

(a) Vesicular transport model (b) Cisternal maturation model
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From: Storrie B, Pepperkok R, Nilsson T — Trends in Cell Biology, 10, 385-391 (2000)
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Processing of N-linked glycans

Mannose trimming and terminal processing of N-linked glycans

hngh mannose
oligosaccharide

KEY:
O = N-acetylglucosamine (GlcNAc) @ = mannose (Man) @ = glucose (Glc) @ = galactose (Gal) . N-acetylneuraminic acid (sialic acid, or NANA)

Oligosaccharide Structures
Produced in Golgi Complex

1. N-linked oligosaccharides

simboluri

(O =N-acetiiglucozamind @) =manozd  (§) = galactoz¥ ‘_)= acid sialic Q) = fucoz4

I_—l
miez :
o G : g trimanozidic . o
l structuri oligozaharidice structuri ologozaharidice structuri oligozaharidice complexe

90 inalt manozilate hibride triantenare
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2. O-linked oligosaccharides

simboluri

. N-acetilgalactozaming . galactozd ‘)amd sialic Q fucozd
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Synthesis of the Mannose-6-phosphate
Marker on Lysosomal Hydrolases

lysosomal hydrolase
BINDING OF SIGNAL PATCH
N-linked TO RECOGNITION SITE
oligosaccharide
with terminal l\[\J
mannose residue signal ‘ TRANSFER OF
patch GlcNAc TO
Q MANNOSE IN
CATALYTIC
BO®O sorr P STe
e
TALYTI ]
UDP-GlcNAc SITE . ._®
lysosomal hydrolase
UMP with GlcNAc attached

to mannose in oligosaccharide
GlcNAc phosphotransferase catalytic site recognition site

These events belong to the lysosome biogenesis

Lysosome Biogenesis

lysosomal hydrolase
precursor
from ER ¢

RECEPTOR-DEPENDENT
TRANSPORT
BINDING TO
MEP RECEPTOR ——
ADDITION OF “a%
PHOSPHATE e
mannose 6-
phosphate ;
(M6P) clathrin coat  Tansport ~ REMOVAL OF
vesicle PHOSPHATE
" AT ACIDIC pH
v mature
\ -— lysosomal
hydrolase
MGP receptor in late endosome
RECEPTOR RECYCLING budding vesicle
cis trans
Golgi Golgi
network network

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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Golgl — ER Cross-talk iIn Membrane
Biogenesis and Intracellular Traffic

Membrane biogenesis
ER to Golgi traffic;

Golgi to cell membrane / endosomal
system traffic;

Cell secretion

Membrane Biogenesis

« A complex process involving several organelles:
— Ribosome;
— Endoplasmic reticulum;
— Golgi apparatus.

e Consists in;

— Biosynthesis of molecules/macromolecules
organizing membranes;

— Correct assembly of molecular components in the
structure;

— Structure maturation to become functional;
— Directional transport of the new membranes to final
location.
e Claims a well elaborated and controlled membrane
traffic
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ER to Golgi Traffic

- Sorting at the tranzitional ER level (COP II, Sarl);

» Traffic to Golgi apparatus;

 Sorting at the Golgi complex (COP I, Arf1);

* Returning to ER (recycling of some components).
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Conclusion: ER to Golgi transport fits to
a vesicular transport (a shuttle mechanism)
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Experimental proves
for the shuttle mechanism

1989: Brefeldin A inhibits forward transport
from ER to Golgi, COP Il dependent
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Golgi to Final Location Traffic

= trans-Golgi network (TGN) role =

 Golgi to lysosome: sorting by M6P, segregation
and vesiculation by adaptor proteins (AP3) and
clathrin coat;

* Golgi to apical membrane: sorting by luminal
mechanisms and lipid rafts, cooperative transport by
dynein (microtubule route, — end), and myosin (F actin
route);

 Golgi to lateral-basal membrane: sorting by
amino acid motifs, transport by kinesin (microtubule
route, + end);

 Control and Regulation: by small GTP-ases
(monomeric G proteins);

e Direction Control: by SNARE (v-SNARE, and t-
SNARE)

Directed vesicular transport
by specific SNARES
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Cell Secretion

» Biosynthesis of secretory proteins;

 Processing (maturation), sorting and condensation
In secretory vesicles/vacuoles;

» Scretion (constitutive, or signal regulated).

newly synthesized
soluble proteins
for constitutive

CYTOSOL \, EXTRACELLULAR SPACE
newly synthesized plasma
membrane lipids

secretion
CONSTITUTIVE
——— SECRETORY
unregulated PATHWAY
membrane
fusion
newly synthesized plasma
membrane protein
signal such as
trans “@»— hormone or
Golgi - neurotransmitter
network »
intracellular
signaling pathway
REGULATED
T~ - SECRETORY
PATHWAY
regulated
""" 4 secretory vesicle membrane
Golgi apparatus storing secretory fusion

proteins

Porosome

e Membrane microdomain B

« Universal portal of cell
secretion

* Nanostructure to be
deciphered in terms of
molecular organization
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Summary

Golgi apparatus — the only organelle which
captivated scientist initially by suspicion, later
by structural and functional complexity;

Shows ultrastructural polarity, but also a
biochemical one between cisterns;

Acts in a step by step well ordered manner;

Functions as a turntable maturing, sorting and
directing lysosome, membrane, and secreted
components.






