Lesson (7)

Inside the neuron Il

Organelles and secretion










Synaptic transmission,
a specilalised exocitosis

» Vesicle targeting (via specific targets guide proteins)
» Event-specific and fast release of chemicals

Molecular biology reveals conserved homologous components
involved in synaptic release, from yeast to man.



The classical view of vescicle trafficking in neurons:
Vescicular trafficking in axons




Endoplasmic reticulum and Golgi apparatus are key organelles for the biosyntesis
of secreted neurotransmitters, peptides and trophic factors (polypeptides)



Cells are polar and
need vescicle traffic
to go asymmetrically






An updated view of vescicle trafficking in neurons:
Vescicular trafficking in dendrites

b



The Golgi Apparatus has two major functions:

1. Modifies the N-linked oligosaccharides and adds O-linked oligosaccharides
(“O-link” is a link to the Oxygen of a serine or threonine).

2. Sorts proteins so that when they exit the trans Golgi network, they are
delivered to the correct destination.

GIcNAc = N-AcetylGlucosamine

NANA =Syalic acid (N-acetyl neuroamin acid)



Transport vescicles through the Golgi
are coated by specific proteins

2. cis Golgi cisterna

1.Cis Golgi Network 3. medial Golgi cisterna
(CGN)
Coatomer Protein | 5. Trans Golgi Network
Coatomer Protein | (TGN)

4. trans Golgi cisterna



Protein trafficking through the Golgi: original model

Vesicular transport model originally developed and advocated by George
Palade and Marilyn Farquhar (Farquhar & Palade 1998.) The vesicular
transport model posits that the Golgi cisternae are stable compartments
that house certain protein modification enzymes that function to add or
remove sugars, add sulfate groups, and perform other modifications.

Vesicles arrive at each cisterna carrying cargo proteins, which are then
modified by the resident enzymes located within that cisterna. Next, new
vesicles carrying the cargo proteins bud from the cisterna and travel to the
next stable cisterna, where the next series of enzymes further processes
the protein cargo (Rothman & Wieland 1996).







Protein trafficking through the Golgqgi:
2 possible models

Two models of protein trafficking through the Golgi

(A) The cisternal maturation model of protein movement through the Golgi. As a new cis
cisterna is formed it traverses the Golgi stack, changing as it matures by
accumulating medial, then trans enzymes through vesicles that move from later to
earlier cisternae (retrograde traffic).

(B) The vesicular transport model, where each cisterna remains in one place with
unchanging enzymes, and the proteins move forward through the stack via vesicles
that move from earlier to later cisternae (anterograde traffic).

Malhotra, V. & Mayor, S. Cell biology: The Golgi grows up. Nature 441, 939-940 (2006)






Different coated Golgi vescicles
observed at TEM

clathrin COP | COP I



Structure of clathrin coating

Triskelion: 3 heavy chains (red) e 3 light chains (yellow)



Formation of coated secretory vescicles
In the regulated pathway






Bidirectional transport between the ER and the Golgi
IS mediated by COPI and COPII carriers

Nat Rev Mol Cell Biol. 2013 Jun; 14(6):
382-392. Organization of the ER-Golgi
interface for membrane traffic control
Federica Brandizzi and Charles Barlowe

Bidirectional transport of secretory cargo between the endoplasmic reticulum (ER) and the Golgi requires budding, movement, tethering, as well as
uncoating and fusion of coat protein complex Il (COPII) and COPI carriers with their respective compartments. These include bulk-flow cargo, membrane
cargo and receptor-dependent luminal cargo. COPII carriers facilitate selective and bulk-flow cargo export towards the Golgi. One important function of
COPI is to facilitate retrieval of escaped luminal proteins containing K/HDEL retrieval signals that are recognized by the K/HDEL receptor as well as other
machinery required for optimal anterograde transport. Carrier fusion is mediated by vesicular SNARE proteins (v-SNARES) and target-SNARES (t-
SNARES) upon anchoring of the carriers to their target compartment via tethers.



Vescicle trafficking from ER to Golqgi
IS mediated by microtubules

Coalescence of vescicles and formation of tubular vescicular groups

Microtubules and Golgi membranes specific proteins
hold Golgi cisternae piled together



Vescicle trafficking through Golgi
Follows 2 directions: forward and rescue
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The ERGIC53 protein seems to
serve as a receptor for packaging
some secretory proteins into
COPII-coated vesicles. Its role in
protein transport was identified
because humans who lack it
owing to an inherited mutation
have lowered serum levels of two
secreted blood-clotting factors
(Factor V and Factor VIII) and
therefore bleed excessively. The
ERGIC53 protein is a lectin that
binds mannose and is thought to
recognize this sugar on Factor V
and Factor VIII proteins, thereby
packaging the proteins into
transport vesicles in the ER.












Vescicles that exit from the trans Golgi network
can undergo constitutive or regulated secretion



Selection of proteins towards the constitutive secretory way
or the regulated secretory way depends upon intrinsic signals
receptors within the TGN

Constitutive way

Receptor in the TGN

s

Regulated way



K ) ¥ Lessmans e al, [ Progress in Nevrobiology 69 (2008} 34]-374

Synthesis, storage, and release of neurotrophins
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Fig. 2. The route of BDMNF from synthesis to secretion. BDNF mREMA 15 translated from nbosomes (light gray) of the rough ER and the nascent
pre-pro-protemn 13 sequestered mmio the ER (black symbols). BDNF 15 targeted to the Golgn and subsequently to the fraes-Golg network (TGN by
vesicle-mediated transpon. TGN resident protein comverases (PCs) can cleave off the pro-sequence and mare BONF i tangeted to constitutively released
vesicles, Alternatvely, pro-BDMNF buds off from the TGN i mimature secretory granules {white) containing a distinet set of protemn comvertases, Maiune
BDNF i excized in the secretory granules en route to the plisms membrane to yield maiure secretory granules (gray). The secretorny granukes accumulate
al the plazsma membrane and are eventually released upon ingeenng signals for regulated secretion (see text).






A fashionable Golgi Apparatus...



Synaptic transmission is an adaptation
of normal vesicle trafficking.



Why store transmitters
In vesicles?

* Protection from degradation - by
proteases and esterases

« Allows for regulation
* Provides a storage system
e Can be docked at active zone

 Differ for classical transmitters
(small, clear-core) vs.
neuropeptides (large, dense-core)




Adaptation at synapses of vesicle cycling found in all cells






e Synaptic vesicle components are made in the soma and
move through the Golgi, transported to the release sites
by fast axonal transport.

e Since vesicles are released by exocytosis need to be
recycled or nerve the terminal would grow quite large,
also need to conserve synaptic vesicle proteins.

e Recycling of synaptic vesicles in extracellular media

gets engulfed by endocytosis, visualized with EM and

shown to go to: coated vesicles — clathrin endosome sorting
to lysosome (destruction) or recyclling (back into vesicle pool).



A problem to solve:

* Vesicles released by exocytosis need to be
recycled otherwise nerve the terminal would
grow quite large, also need to conserve
synaptic vesicle proteins.




Endocytosis and exocytosis processes occur at
distinct locations of the presynaptic terminals



The synapse has adapted forms of
vesicle cycling found in all cells.



Modes of release and recycling.

* |n neurons, Heuser and Miller originally propose
two pathways, coated pits and cisternae
(endosome) for most synaptic transmission and
non-coated pit pathways for times of high
activity.

 However the situation in neurons may be more
complicated and can include transient forms of
fusion such as “kiss and run”.



A complication: the kiss and run recycling model

RESERVE POOL



Three types of membrane retrieval mechanisms coexist

T. Ryan PNAS 2002






	Slide1
	Slide2
	Slide3
	Slide4
	Slide5
	Slide6
	Slide7
	Slide8
	Slide9
	Slide10
	Slide11
	Slide12
	Slide13
	Slide14
	Slide15
	Slide16
	Slide17
	Slide18
	Slide19
	Slide20
	Slide21
	Slide22
	Slide23
	Slide24
	Slide25
	Slide26
	Slide27
	Slide28
	Slide29
	Slide30
	Slide31
	Slide32
	Slide33
	Slide34
	Slide35
	Slide36
	Slide37
	Slide38
	Slide39
	Slide40
	Slide41
	Slide42
	Slide43
	Slide44

