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Endomembrane system:




Endomembrane system (EMS)

ENDOPLASMIC RETICULUM (ER)
.
e e |

Rough ER Smooth ER

Nuclear envelope
ucleolus NUCLEUS

/ Chromatin

Flagellum L
Centrosome \ Plasma membrane
)
CYTOSKELETON . "
“ Microfilaments I [ NG ) —, /.
Intermediate filaments ' E, }F
Microtubules - ] Ribosomes
Microvilli
Golgi apparatus
Peroxisome
In animal calls but not plant cells:
Centricles
Figure 6.9 Mitochondrion Flagelia (in soma plant sparm)

Copynght © 2005 Pearson Education, Inc. publishing as Benjamin Cummings



Endomembrane: Review

*« The endomembrane system

— Is a complex and dynamic player in the cell's compartmental organization

« Relationships among organelles of the endomembrane system:

0 Muclear envelope is
connected to rough ER,
which is also continuous

with smooth ER

@ Membranes and proteins
produced by the ER flow in
the form of fransport vesicles
to the Golgi

[~

9 Golgi pinches off transport
Vesicles and other vesicles
that give rise to lysosomes and
Vacuoles

@ Lysosome available @ Transport vesicle carries @. Plasma membrane expands

for fusion with another  proteins to plasma by fusion of vesicles; proteins
Figure 6.16 vesicle for digestion membrane for secretion are secreled from cell
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The Endomembrane system
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What is Endomembrane system?

The endomembrane (endo means within) system is a set of membranes in
eukaryotic cells spreading from the nuclear membrane to the plasma
membrane.

These membranes divide the cell into different functional and structural
compartments or organelles.

The components of the system work together to modify, package and
transport lipids and proteins.

The system is defined as a set of membranes that give rise to a single
functional and developmental unit, either directly connected or exchanging
material through vesicular transport.



The endomembrane system is an internal membrane system within the
cell that carries out a variety of functions such as:

v Synthesis of proteins and their transport
v Metabolism and movement of lipids

v The detoxification of poison

Here, the membranes are either directly in contact with each other or can
communicate through the formation of vesicles.



Components of EMS

The endomembrane system comprises seven different parts or components of a typical
eukaryotic cell. They are sequentially listed below in the order of protein and lipid

secretion in a cell.

1 The Nuclear Envelope

2 The Endoplasmic Reticulum
3 The Golgi Apparatus

4 Lysosomes

5 Endosomes

6 Transport Vesicles

7 The Plasma Membrane

In the subsequent section below, we will deal with each of them and explain how they

help regulate proteins and lipids.



Main Vesicular transport pathways

“Roadmap” of protein traffic
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Main Vesicular transport pathways
Key components of the protein transport

1. Sorting signal
FOLDED PROTEIM UNFOLDED PROTEIN

NH2
signal I COOH
sequence Hzﬂw

signal

/COOH regions contributing to signal patch

2. Receptors: recognize sorting signal and guide proteins to their
appropriate destination

3. Way of protein transfer
* Gated transport through the nuclear pore

* Translocation across the membrane (transmembrane protein
traslocator = translocon)

* Vesicular transport

4. Energy



Main Vesicular transport pathways
Protein sorting
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Vesicular transport

* transport between membrane-enclosed compartments
* transport of macromolecules (soluble and membrane-bound) from
the donor compartment to the target compartment

CYTOSOL

DONOR
COMPARTMENT

FUSION

TARGET
COMPARTMENT
BUDDING



Main Vesicular transport pathways

Inward transport Outward transport
Endocytotic pathway Secretory pathway

Plasma
membrane

= W
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Golgi apparatus Golgi — , Traffic manager” of the cell

"internal reticular apparatus”
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Position

Centrosome

Nucleus

Microtubule

% Golgi complex

@ Vesicle released by Golgi

k,c\\;g Rough endoplasmic reticulum . Centrosome
® vesicle released by endoplasmic reticulum
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Role of microtubules in maintance of Golgi structure

Intact microtubules Disintegration of microtubules

Golgi- green 10 um
Microtubules - red 2002 by Bruce Alberts, Alexander Johnson, Julian Lewis, Martin Raff, Keith Roberts, and Peter Walter.



Main Vesicular transport pathways
Vesicular transport

* Process in which membrane-enclosed transport vesicles transport proteins
from one membrane-enclosed compartment to another.

« Shape: spherical, larger irregular-shaped vesicles.

* Proteins do not move across the lipid bilayer of any membranes. But only
move between topologically equivalent compartments (eg. Lumen of ER to
lumen of Golgi to exterior of the cell).

Overview of vesicle transport: CYTOSOL
a. Budding DONOR
b. Uncoating COMPARTMENT
c. Transport
d. Docking
e. Fusion

FUSION

TARGET
COMPARTMENT

BUDDING



Main Vesicular transport pathways

BUDDING

Overview of vesicle transport:

DONOR
COMPARTMENT

FUSION

Principles of vesicular transport

a. Budding

2. Transport vesicle binds to the target
compartment and fuse with the
o membrane of the target compartment.

£ COMPARTMENT

1. A protein-coated membrane-enclosed
transport vesicle buds off from the

Transport carrying a variety of specifically selected

b. Uncoating membrane of donor compartment
C.

d." Docking cargo molecules.

e. Fusion

3. Cargo molecules transfer into lumen of
the target compartment and inserting the
vesicular membrane components into the
target compartment membrane.



Main Vesicular transport pathways

Question 1: How do transport vesicles form?
(Budding)
Question 2: What deforms the membrane to cause a vesicle form?

(A planar phospholipid lipid bilayer wants to remain flat. But, the small
transport vesicles that are seen in cells are small and highly curved. It is this

protein coat that causes the membrane to deform and form a transport vesicle.)

Coat proteins assemble on the membrane surface and curve the membrane

into a vesicle
coat subunits u‘?;r::;ll:;:‘d
~& N 3 -
=Y
e

coated region
mambrana of membrana




Vesicular transport

- new synthesized ER molecules are
sorted and delivered to either other
organelles or the cell’'s plasma
membrane

- molecules from exterior of the cell are
taken up into the cell and trafficked to
an appropriate intracellular
compartment

e exchange of membrane material and vesicular lumenal contents, each organelle
maintains its own highly specialized characteristics.

Protein-coated
vesicles (bud off

donor compartment)
-two functions

1. Helps select the cargo by
concentrating specific membrane
proteins into specialized membrane
patches that give rise to the vesicle
membrane.

2. Assembly of the coat proteins into
curved basket-like lattices deforms the
membrane in a manner that helps form

vesicles of uniform size




+ Two maijor types (both require ATP)

1. Endocytosis (into cell using endosomes)
a. Receptor-mediated endocytosis

1)
2)

Ligand binds to receptor

Plasma membrane folds around receptors
bound to ligands

Coated vesicle forms

Vesicle fuses with lysosomes

Ligands freed and enter cytosol

Lysosome detaches from vesicle

Vesicle fuses with plasma membrane again



Receptor-mediated Endocytosis

After the vesicle
membrane
detaches, it
returmns to the
cell surface,
where iz recep-
tors become
avallable to bind
more lgands.

The vesicle
e m brane
detaches from
the secondary
lysosome.

Receplor-mediated endocytosis begins when materials in the
exiracellular fluid bind to receptors on the membrane surface. Most
receptor molecules are glycoproteins, and each binds to a specific
target molecule, or ligand, such as a transport protein or a hormone.

(2

The lysosomal
enzymes then
free the ligands
from their
recepltors, and
the ligands entar
the cylosol by
diffusion or
active transport.

Receptiors bound to
ligands cluster together.
Once an area of the
plasma membrane has
become covered with
ligands, it forms
grooves or pockets that
move to one area of the
cell and then pinch off
to form an endosome.

The andosomes

produced in this way

are called coated

E:E'_ vesicles, because
. they are "coated™ by a

CYTOPLASM protein-fiber network

on the inner mambrane

surface.

: The coated vesicles
——  fuse with lysosomes
filled with digestive

enzymes.
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Vesicular transport

Classification of endocytosis pathways based on clathrin and dynamin-involvement

Clathrin and
dynamin dependent

Clathrin and dynamin independent Clathrin-independent and dynamin -dependent

CLIC/GEEC pathway Fillotin pathway Caveolae-dependent  Micropinocytosis Phagocytosis . _
Endocytosis Endocytosis endocytosis Clathrin-mediated
endocytosis
\ '

Main regulators: Main regulators: Main regulators: Main regulators: Main regulators: Meih ragulstars:
Cdc42 Flotillin Dyn-2 Dyn-2 Clathrin
Actin Actin Dyn-amin Actin Actin Dynamin
Cavins BARs AP2
Actin Kinases Epsl15
Epsin
Myosin

Actin



Vesicular transport

Lipid-rafts based classification of endocytosis pathways

In lipid-rafts membrane domain

Caveolae-dependent CLIC/GEEC pathway Fillotin pathway Other
Endocytosis Endocytosis Endocytosis Endocytosis
pathways
Pathways
dependent on

\
\

small GTPases

v

Main regulators: Main regulators: Main regulators: Main regulators:
Cdc42 Flotillin Cdc42

Dynamin Actin Actin Arfl

Cavins Arfé

Actin RhoA

https://www.labome.com/method/Endocytosis.html

Non-lipid rafts
membrane domain

Clathrin-mediated
Endocytosis

Main regulators:
Clathrin
Dynamin

AP2

Epsl5

Epsin

Myosin

Actin

Mixed membrane domains

Micropinocytosis Phagocytosis

Main regulators:

Dyn-2
Actin
BARs
Kinases

(4

Main regulators:
Dyn-2
Actin



Vesicular transport

Clathrin- Caveclin-
dependent dependent Clathrin- and caveolin-
endocytosis  endocytosis independent pathways

Caveolin ;

Lysosome

Mature Reviews | Molecular Cell Biology



Vesicular transport

A B G ] F G
Clatherin- Clatherin- Pinocytosis Phagocytosis ;S T Exocvtosis Exocytosis involved in:
; : timuli "
mediated independent Cal*
endocytosis " SNARES *  (vulation
. «—f *  Apical secretion of
Ca* lysosomal proteins in the
oviduct and uterus
agosome SIRRAERE Ca®* 1 *  Secretion of extracellular
g vesicles o utering lumen
Endocytosis involved in:
Cholesterol
*  Degradation of hormones depletion
and their receptors in the
Ovary
*  Proteins uptake in the
oviduct and ulerus Rab GTPascs
+  MNutrient transport in the
placenta

Four main types of endocytosis and a proposed exocytosis involving lysosomes. (A) Clatherin-mediated
endocytosis. (B) Clatherin-independent endocytosis. (C) Pinocytosis. (D) Phagocytosis. (E) A few events involving
endocytosis in the female reproductive system. (F) A proposed lysosomal exocytosis. (G) A few events potentially
involving exocytosis in the oviduct and uterus.

https://www.researchgate.net/publication/342473723_Functions_of_lysosomes_in_mammalian_female_reproductive_system



Vesicular transport

The sequence of these steps is similar in yeast and eukaryotic cells, but the requirement for key proteins differs.

In all cells, the process initiates by

1.

the adaptor and accessory protein-mediated coordination of clathrin at nucleation sites on the plasma
membrane to form the clathrin-coated pits (CCPs)

polymerization of clathrin and/or actin into curved lattice structures;

followed by formation of vesicular necks.

Further on, the necks are constricted to bring distant membrane regions nearby.

In mammals, the scission protein dynamin, a large GTPase, forms a helical polymer around the neck and
mediates the release of the vesicle from the plasma membrane.This process requires GTP hydrolysis, is

irreversible and triggers the release of clathrin from the vesicle.

In yeast, actin only is essential for scission. While clathrin is required for vesicle formation in mammalian cells,
actin and dynamin are not.

In contrast, the endocytic process in yeast requires actin for vesicle formation, while clathrin in nonessential

Also, dynamin is essential for vesicle release from the plasma membrane in mammalian cells, while it is not
essential in yeast.



Two major types (both require ATP)

1. Endocytosis (into cell using endosomes) (continued)
b. Pinocytosis (“cell drinking”)
- Formation of endosomes with ECF
» No receptor proteins involved
c. Phagocytosis (“cell eating”)
* Produces phagosomes containing solids

+ Phagocytes or macrophages perform
phagocytosis

2. Exocytosis
» Vesicle discharges materials into ECF



Vesicular transport: Cell Drinking-reference slide

Pinucylﬁsis

.i...i... -‘

TEM = 20,000

Pinocytosis begins with the
formation of deep grooves
or pockets that then pinch
off and enter the cytoplasm.
The steps are similar to
those of receptor-mediated
endocytosis, but they occur
in the absence of ligand
binding.

Endosome

Plasma membrane



Vesicular transport: Cell Eating-reference slide

The vesicular events linking
phagocytosis and exocytosis

Bacterium

Phagocytosis begins when cytoplas-
mic extensions called pseudopodia
(soo-d&-PO-dé-ah; pseduo-, false
podon, foot; singular pseudopodiun)
surround the object.

The pseudopaodia then fuse at their
tips to form a phagosome containing
the targeted material.

This vesicle then fuses with many
lysosomes, whereupon its contents

are digested by lysosomal enzymes.

Released nutrients diffuse into the
surrounding cytoplasm.

The residue is then ejected from the
cell through exocytosis.




https://www.youtube.com/watch?v=owdlv8M5wjA
https://www.youtube.com/watch?v=4sWnK70qgK-k



https://www.youtube.com/watch?v=owdIv8M5wjA
https://www.youtube.com/watch?v=4sWnK7OqK-k
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