Dr. Mircea Leabu. Endoplasmic reticulum organization and functions (lecture iconography)

Endoplasmic Reticulum

« What's ER? — definition
« Howis ER? — description
« Why is ER? - functions

Nissl's bodies — neurons

Organelle
structure

histocytochemical
evidences

Ergastoplasm —pancreatic acinar cells
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Organelle structure
Immunocytochemical evidence

The significance of the organelle’s name

Organelle ultrastructure
copy

Transmission
Electron Microscopy

Scaning
Electron Microscopy
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Organelle ultrastructure
3D organization of ER

rough endoplasmic smooth endoplasmic
reticulum (cisternas) reticulum (network of tubules)

ER lumena
attached

(poly)ribosomes

Roles of ER

Functions must be understood in terms of structures;
structures must be understood in terms of chemistry.
(George Emil PALADE)

Functions

Structures Biochemistry

NS
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Method of ER study
(main approach)

o an microsomes

Q 0 layered over

a sucrose
80 gradient
0 f}o
celltissue O O ;
homog&mzat ion C} ultracentrifigation OO O Imooth microsomes
& ﬁ C} — s OOO (lower density)
microsomal fraction
(rough and smooth microsomes)

tptbolrni reasing sucrose gradient
ultracentrifuge tub

Functions of the
Smooth Endoplasmic Reticulum

e Metabolism of lipids;
e Cellular Detoxification:;

« Special Functions.

EN




Dr. Mircea Leabu. Endoplasmic reticulum organization and functions (lecture iconography)

Biosynthesis of Membrane Lipids
[Con] > phospholipids

[..._{-.._(?... > cholesterol
S Fe e N > ceramides
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ER LUMEN

Assembly of membrane lipids
Into bilayer
* Production on the internal leaflet
o Asymmetrical distribution
* Phospholipid translocators
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Figure 12-58 iobogy of the Cell 5/e (o sence 2008)
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Phospholipid transfer toward
mitochondria

ER mitochondrial

membrane cytosol outer membrane
l " I 1

N
Find

cytosolic carrier

(phospholipid
exchange protein)

polar head
of phosphatidylcholine

Inter-relationships among
biosynthesis’ pathways
of phospholipids in mammalian cells

DIACYLGLYCEROL

Endoplasmic
Reticulum

Endoplasmic
Reticulum

Endoplasmic Reticulum
PHOSPHATIDYLCHOLINE < PHOSPHATIDYLETHANOLAMINE

Endoplasmic

Reticulum Mitochondrion

PHOSPHATIDYLSERINE
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Triglyceride Metabolism

O

CH,—O—C —| alyl chain

O

CH—O—C— alyl chain

O

CH,—O— C — S IEl

Fatty Acid Desaturation

Effector:

Enzyme complex containing fatty acid desaturase /
cytochrome by / NADH-cytochrome b, reductase

Effect:
Control and modulation of membrane fluidity
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Cellular Detoxification

Effectors:

Enzyme complex containing cytochrome P450 / NADPH-
cytochrome P450 reductase

Proved by:

Reversible hyperplasia of smooth endoplasmic reticulum in
hepatocyte

Special Function

Dynamic deposit for calcium ions

Sarcoplasmic reticulum (striated muscle cell)

Calsequestrin

Calcium channels (ligand operated)

Calcium pumps

[Co
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Functions of the
Rough Endoplasmic Reticulum

 Biosynthesis of some proteins

» Processing of biosynthetized proteins
«Co/post-translational modification
*Folding and assembly

«Sorting and transport to Golgi

Biosynthesis of some proteins

v" Membrane proteins (except proteins of mitochondrial membranes and most proteins of

peroxisomal membrane)
v' Proteins for lumina of ER, Golgi, lysosomes, and endosomal system

v' Exported proteins (secretory proteins)
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A polyribosome

messenger RNA
4 (mRNA)

poly-A-binding
protein

polypeptide \_%

chain | i
100 nm

(A)

Figure 6-76 Molecular Biology of the Cell 5/e (© Garland Science 2008)

Signal Peptides

Table 12-3 Some Typical Signal Sequences

Import into nucleus -Pro-Pro-Lys-Lys-Lys-Arg-Lys-Val-

Export from nucleus - -Ala- -Lys- -Ala-Gly- -Asp- -

Import into mitochondria *H,;N-Met-Leu-Ser-Leu-Arg-Gln-Ser-lle-Arg-Phe-Phe-Lys-Pro-Ala-Thr-Arg-Thr-Leu-Cys-Ser-
Ser-Arg-Tyr-Leu-Leu-

Import into plastid *H,N-Met-Val-Ala-Met-Ala-Met-Ala-Ser-Leu-Gin-Ser-Ser-Met-Ser-Ser-Leu-Ser-Leu-Ser-Ser-
Asn-Ser-Phe-Leu-Gly-GlIn-Pro-Leu-Ser-Pro-lle-Thr-Leu-Ser-Pro-Phe-Leu-GIn-Gly-

Import into peroxisomes -Ser-Lys-  -COO"

Importinto ER *H,N-Met-Met-Ser-Phe-Val-Ser- -Thr-Glu-Ala-Glu-
Gln-Leu-Thr-Lys-Cys-Glu-Val-Phe-Gin-

Return to ER -Lys-Asp-Glu-  -COO~

Some characteristic features of the different classes of signal sequences are highlighted in color. Where they are known to be important
for the function of the signal sequence, positively charged amino acids are shown in red and negatively charged amino acids are shown in
green. Similarly, important hydrophobic amino acids are shown in white and hydroxylated amino acids are shown in blue. *H,N indicates
the N-terminus of a protein; COO" indicates the C-terminus.

Table 12-3 Molecular Biology of the Cell 5/e (© Garland Science 2008)
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Mechanism of protein
import by ER and
initializing of
translocation through =

signal-peptide-

RNA binding site

binding site SRP receptor-
(translation pause domain) binding site
ER membrane | -
25 nm
signal-recognition particle (SRP)
SRP DISLODGEMENT
BINDING TO SRP RECEPTOR AND RECYCLING
AT CYTOSOLIC SURFACE OF
ER MEMBRANE

———————

TRANSLATION
CONTINUING

mRNA AND RIBOSOMAL SITE A\ ) i | AND BEGINING
/ (TRANSLATION PAUSE) % i ! OF TRANSLOCATION '\

signal peptide on
growing polypeptide

ribosome

receptor complex of

protein translocation
(translocon)

SRP receptor
(a transmembrane
protein in ER membrane)

Protein recruitment by ER and initializing of
translocation through membrane

small ribosomal subunit

translational pause domain signal sequence

signal-sequence-

large ribosomal

binding pocket ' subunit
b/
signal
e —
polypeptide
chain
hinge
signal recognition signal sequence
particle (SRP) bound by SRP
BINDING O 7 SRP AND SRP RECEPTOR
5’ TO SIGNAL SRP-BOUND
PEPTIDE CAUSES RIBOSOME DISPLACED AND RECYCLED
A PAUSE IN y . ATTACHES TO
TRANSLATION &/ SRP RECEPTOR
IN ER y
MEMBRANE
| 4 4 TRANSLATION p—
RNA A CONTINUES AND
A » s TRANSLOCATION/ +
signal sequence p BEGINS .,
on nascent £
polypeptide SRP %

CYTOSOL

ER LUMEN

protein SRP receptor protein
translocator in rough ER membrane

Figure 12-40 Molecular Biology of the Cell 5/e (© Garland Science 2008)
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Biosynthesis of exported
(secretory) proteins

n

-
-

NH2  cytosoL

\ ER LUMEN
signal :. NH>

eptidase
pep COOH

inactive protein active
translocator translocator

mature soluble

protein in ER lumen
Figure 12-45 Molecular Biology of the Cell 5/e (© Garland Science 2008)

Biosynthesis of single-pass transmembrane proteins (i)

start-transfer
sequence COOH

stop-transfer

sequence

CYTOSOL

ER LUMEN

hydrophobic  hydrophobic
stop-transfer- start-transfer-
peptide- peptide-

i binding site binding site

peptidase

translocator protein

mature transmembrane protein
in ER membrane
Figure 12-46 Molecular Biology of the Cell 5/e (© Garland Science 2008)
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Biosynthesis of single-pass transmembrane proteins (ii)

. . _ CYTOSOL
normal insertion
~ ERLUMEN

Insertion into the translocon mature transmembrane
is determined by the electric PRV I8 En Roticane
charges of the polypeptide

chain in the proximity of the CooH
signal peptide +

CYTOSOL

reverse insertion

(B) ERLUMEN

mature transmembrane
protein in ER membrane

NH,
Figure 12-47 Molecular Biology of the Cell 5/e (© Garland Science 2008)

Biosynthesis of multi-pass transmembrane proteins

Multiple hydrophobic sequences in the polypeptide chain of nascent protein
Odd sequences — start transfer information
Even sequences — stop transfer information

“a  ww,

stop-transfer
sequence
start-transfer
sequence

CYTOSOL

ER LUMEN

%

/
hydrophobic  hydrophobic
stop-transfer- start-transfer-
peptide- peptide-
binding site binding site

translocator protein
mature transmembrane
protein in ER membrane
Figure 12-48 Molecular Biology of the Cell 5/e (© Garland Science 2008)
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Protein processing
Glycosylation on asparagine (N-linked oligosaccharide formation)

lipid bilayer of
ER membrane

1
ER LUMEN CYTOSOL
\

P - P - (GlcNAc);

H

|
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asparagine{ C =0
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mannose donor made from
dolichol phosphate
and GDP-mannose

glucose = ‘
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N-acetylglucosamine = ‘ (Glc)s(Man)s(GIcNAc); ~B~@
Figure 12-50 Molecular Biology of the Cell 5/e (© Garland Science 2008)

Figure 12-52 Molecular Biology of the Cell 5/e (© Garland Science 2008)

Protein processing
Glycosylation on asparagine (N-linked oligosaccharide formation)

oligosaccharyl
transferase

CYTOSOL

ER LUMEN

growing
polypeptide chain

lipid-linked

oligosaccharide

Figure 12-51 Molecular Biology of the Cell 5/e (© Garland Science 2008)
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Polypeptide Chain Processing in ER

» Co-translational processing:
(i) starting protein glycosylation (N-glycosidic linkages);
(ii) proline (position 4) and lysine (position 5) hydroxylation;
enzyme (prolyl-4-hydroxylase) is a heterotetramer
a,P,, with B subunit identical to PDI;

(iii) carboxylation of glutamic acid side chain (positiony);,
enzyme is a transmembrane protein with the active site
at luminal surface.

» Post-translational processing:
(i) trimming of N-glycosidic oligosaccharides;
(i) right protein folding and assembly (chaperons);
(iii) glypiation (glycosylphosphatidylinositol-anchor, GPI-anchor).

Protein processing

Trimming of N-linked oligosaccharide

gl;cosidasel 2 lUpp—
Golgi Golgi 3 UDP -
glucosidasell mannosidase | N-acetylglucosamine  mannosidase Il 3 [cvp -@

| T |
'ﬁ *l Y transferase | P o
ER mannosidase —UpP |UDP

l]

|
A A O

| =
AP el
e “3 “3”3

| I
high-mannose < Endo H- Endo H- > complex
oligosaccharide SENSTIVe | { | Mottt oligosaccharide
ER LUMEN GOLGI LUMEN

KEY:
= N-acetylglucosamine (GIcNAc) @ =mannose (Man) @ = glucose (Glc)

& =galactose (Gal) 9: N-acetylneuraminic acid (sialic acid, or NANA)
Figure 13-31 Molecular Biology of the Cell 5/e (© Garland Science 2008)
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Protein processing

Assistance of glycoprotein folding

INCOMPLETELY
UNFOLDED _ FOLDED NORMALLY FOLDED

. EXIT

- FROM

UDP-
9'"‘059 glucose
) glucosyl
,I%Ii:‘i:;z\s transferase
— N-linked
k oligosaccharide
glucosidase
calnexin
ER LUMEN

ER membrane CYTOSOL

Figure 12-53 Molecular Biology of the Cell 5/e (© Garland Science 2008)

Chaperones in ER

» Calnexin — acts by a lectin-like mechanism

» Protein disulfide isomerase (PDI) — assists in forming of right
disulfide bridges

protein disulfide isomerase CYTOSOL

lipid bilayer
] of ER

membrane
: LUMEN

SH

w

H54 1 fSH

S5 __—> — . 1
2 S-S
1}s-s\3

incorrect disulfide bonds
in a polypeptide chain

-

correct dlsqu"de bonds
done under PDI assistance

» Binding protein (BiP) — belonging to Hsp70 family of chaperones
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Control of chaperone level in ER

_ ® | @ MISFOLDED PROTEINS IN ER SIGNAL
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From: Pluquet O, Pourtier A, Abbadie C. Am J Physiol Cell Physiol. 2015; 308(6): C415-25. doi: 10.1152/ajpcell.00334.2014.
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Retro-translocation and degradation
of misfolded proteins

ubiquitin '

@
0’5

proteasome

1%
8

accessory exit
proteins

CYTOSOL

ER LUMEN ER protein translocator

(Sec61 complex)

misfolded protein

chaperone

Processing of biosynthetized
proteins

Glypiation (addition of glycosylphosphatidylinositol anchor)

idvli : cleaved C-terminal
CYTOSOL COOH glycosylphosphatidylinositol

R

ER LUMEN

protein bound
to membrane
by GPI anchor

NH:
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Protein sorting and
transport to Golgi

pH gradient neutral '_"::;_:..

vesicular
tubular

secretol
s cluster

protein |@

KDEL receptor =
protein . ;,
2. 3] RETRIEVAL __
. Fis PATHWAY (
ER resident | —
protein i g4
{———— =~ L ] L 1 I
ER cis Golgi stack trans

Golgi Golgi
network network

Relationships between
ER and Golgi Complex

-

\\\\\\\

Golgi
f stack

Cis
PGI (COPI) =
TE (COPII) . T @

Add a new ultrastructural element of ER: transitional ER (represents ER exit
sites, where vesicles are budding to travel toward Golgi complex)
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Vesiculotubular Structures

vesiculotubular structures

endoplasmic reticulum 0.2 um
(transitional elements)

Summary

ER is an organelle acting in membrane
biogenesis and intracellular membrane traffic;

Main functions of ER are:

— Lipid biosynthesis for SER

— Protein biosynthesis (membrane proteins, secretory
proteins, proteins of ER, Golgi and lysosome
lumina) for RER

ER acts in protein folding and assembly by

chaperones;

ER cooperates with both ribosomes and Golgi
complex to effectively accomplish its functions.






