Chapter 13:
Intracellular Membrane Traffic
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Vesicle transport
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The lumen of the endoplasmic reticulum is topologically equivalent to the outside of the cell. (Isn't it interesting?)
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A “road-map” of the secretory and endocytic pathways& contents
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The Molecular Mechanisms of Membrane Transport and the Maintenance of Compartmental Diversity
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Various Types of Coated Vesicles

Coat protein complex (COP) | & II

('r OM (.P ‘lwa
clathrin-coated, COPI-coated, and COPII-coated
late endosome
early
KEY: (ﬁ‘) % endosome EXTRA
e Vol ~— P CELLULAR
D clathrin CELLY
o+
\’
D COPII &
«— CYTOSOL
\-* -
trans Golgi plasnLa
Golgi cisternae network secretory [yl N E
! vesicle

ER Golgi apparatus

( lothrin endoCyfos’s

EReg &prt @ Copll
bogi o exprt [ 35 2 o CoP)



Clathrin Hisketion ol Miskdiony 2o}
3z ¥l %

hea_\.ry s
chains ., QM.VY Chait 4'“9)'"" Chail)') K3 R
® 7 ©
Triskelion: a Celtic symbol consisting of three legs or lines ———
radiating from a center e . ) ®
302 ZHR|7F 22 SHUM 28=0] REo = HMLIZE HE| > |
o -
[}
Binding and recruitment Invagination Maturation Scission
I’ Receptor M Ap2 — "~ F-BAR domain protein S Dynamin
@ Ligand ?-) Clathrin . —a BAR domain protein :4’:' Actin filament

https://www.mechanobio.info/what-is-the-plasma-membrane/what-is-membrane-trafficking/what-is-clathrin-
mediated-endocytosis/invagination-and-maturation-of-the-clathrin-coated-vesicle/



Molecular mechanism of Clathrin:
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Adaptor protein; AP2
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Phosphatidylinositol and phosphoinositides (PIPs) el

L ot s = 243 g I I </ |
OH  OH H,COH 27 Sigpalonu 4 ble Adenosine@Phosphate (ATP) HD_'?_D_P—O N N,.)
° . H OH 0
OH OH Time \

biphosphate
@ ihasite| @l OH OH

OH OH HO ,. ki PI(3,5)P,
Inositol Glucose O V wo‘sphatase
[ 1

OH o\ OH

s Y PIBP *=———= Pl =—s PI5)P
O
OH | 1 | lt lt 11
CHOLINE O=]|3—O_
| R ) f—
R:glr:lushﬂ:u.::} PHOSPHATE (? Pl P|(3,4)P2 = PI(4)P P|(4.5)P2
ﬂ“:m‘l‘ CHy—CH—-CH, \ /
~ ] C|) C|) (B) D) PI(3,4,5)P,
i | | oW| 9 P1(3.4,5) P3:phosphatidylinositol 3,4,5-trisphosphate
1 z 0O=C 0O=C N ‘_o)\ qH P P y p

o

J ol| 4E @A Adapter profein Vi =o reepter
® \
hydrophobic ' |
tails )
(E)

Wl Q0w AL

f’a PI(3,4)P,

* (A) (©)
Phosphatidylinositol (PI); PI(3,4) P2:phosphatidylinositol 3,4-bisphosph
) Inositol phospholipid




The intracellular location of phosphoinositides
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Membrane-Bending Proteins Help Deform the Membrane During Vesicle Formation

BAR domain dimer




Cytoplasmic Proteins Regulate the Pinching-Off and Uncoating of Coated Vesicles
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http://dx.doi.org/10.1038/nrm3266
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Monomeric GTPases Control Coat Assembly

INACTIVE
MONOMERIC GTPase

OFF guanine nucleotide

exchange factors

GDP

— : GDP
GTPase-activati GTP

proteins

ng

LV
7.

S 5 k35 =0 Membueo| 23

Oy
nw

ACTIVE
MONOMERIC GTPase

GTP-binding proteins as molecular switches

Coat-recruitment GTPases:
1. ARF~> COPI& clathrin® AP

<

2. Sarl protein—> COPII

) (pir2)
Aplo| Bept ARE4 %o achvaien

inactive, soluble

Sar1-GDP

GDP

active,
membrane-
GDP bound
-Sar1-GTP
amphiphilic GTP
helix
CYTOSOL
I donor
ER LUMEN | membrane (ER)
(A) [
Sar1-GEF Aol (LDPE

Akel GEPk A

(@] 25 nm

ER
membrane

Sec23/24

(3)]

Sar1, Sec23, Sec24/Sec13, Sec31

= Az o

selected
membrane
proteins

—

= Clagrin =
Sar1-GTP
Sec13/31
Vgouter coat
Sar1-GTP inner coat

donor membrane



Not All Transport Vesicles Are Spherical 2 14
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Rab Proteins Guide Transport Vesicles to Their Target Membrane
= GTPase

1. Rab proteins and Rab effectors direct the vesicle to specific spots on the correct target membrane
2. SNARE proteins and SNARE regulators mediate the fusion of the lipid bilayers
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TABLE 13-1 ({esce - SWAVE) Rab-GDP dissociation inhibitor; GDI
Protein Organelle Rab-GTP QTHERING GTPase activating protein; GAP
Rab1 ER and Golgi complex = Pabb
Rab?2 cis Golgi network 5 o 2
. : . - ofa{ewck
Rab3A Synaptic vesicles, secretory vesicles e Rab-GDP

GDI
Rab4/Rab11 Recycling endosomes DOCKING \.),

Rabs  opz 714 Early endosomes, plasma membrane, clathrin-coated vesicles
+-SNARE FUSION
Rab6 Medial and trans Golgi (tatgei - SN (
Rab7 Late endosomes CYTOSOL GAP
Rab8 Cilia ke trans-SNARE
Rab9 Late endosomes, trans Golgi target membrane complex ‘




The formation of a|Rab5|domain on the endosome membrane
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Rab Cascades Can Change the Identity of an Organelle
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SNAREs Mediate Membrane Fusion

https://sites.uw.edu/golgi/membrane-fusion/
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Interacting SNAREs Need to Be Pried Apart Before They Can Function Again
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Proteins Leave the ER in|COPII-Coated Transport Vesicles

forming transport vesicle
| |
Sar1-GTP
adaptor
proteins of
inner COPII|
coat

outer COPII
coat proteins

exit signal on
cargo receptor

CYTOSOL

resident
ER protein

w 0%

ﬂ‘? UF"G"Q U

exit signal on
T/ soluble cargo
protein

ER LUMEN

chaperone proteins bound to
unfolded or misfolded proteins

Cystic fibrosis (CF)

> Inherited disorder that causes severe damage to the
lungs, digestive system and other organs
» CFTR (cystic fibrosis transmembrane conductance

regulator)- the flow of salt such as CI-
» In the most common genetic form of CF (AF508/AF508),

incorrectly folded CFTR is retained in the ER an‘cy

artially degraded

P y deg amino aad
e Anige,
ERuM efit §7

-, YIS Be %%



Vesicular Tubular Clusters Mediate Transport from the ER to the Golgi Apparatus
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The Retrieval Pathway to the ER Uses Sorting Signals
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How cargo receptors mediate traffic by cycling between the ER and Golgi?
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(A) The KDEL receptor interacts with soluble cargo proteins at the lower pH of the Golgi and it is directed to the ER via COPI vesicles.
At the neutral pH of the ER, the receptor releases the cargo protein to the lumen.



The Golgi apparatus
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Summarizes the functional compartmentalization of the Golgi apparatus
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Oligosaccharide Chains Are Processed in the Golgi Apparatus
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Oligosaccharide processing in the ER and the Golgi apparatus
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Proteoglycans Are Assembled in the Golgi Apparatus
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What Is the Purpose of Glycosylation?
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Transport Through the Golgi Apparatus May Occur by Cisternal Maturation
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