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An overview
The proteins found in the organelles,  cytosol, and those secreted outside 

the cell, what is the mechanism that determines their destination?
 The endoplasmic reticulum is the main contributor 

The ER is the largest 
organelle in the cell 
following the nucleus

The ER is associated with 
nucleus ( specifically the 
nuclear membrane) and 
associated with Golgi 
apparatus



Endoplasmic reticulum (ER)

It is a network of membrane-enclosed 
tubules and sacs (cisternae) that extends 
from the nuclear membrane throughout
the cytoplasm.

It is the largest organelle of most
eukaryotic cells.

• The rough ER: covered by ribosomes
on its outer surface and functions in

protein processing.

• The smooth ER: lipid metabolism

• Transitional ER: exit of vesicles to Golgi
apparatus

It’s organized as small tubes and composed 
of sacs that contain a lot of fluids ( high 
flow) so it’s very dynamic organelle

Cisternae : مثل الصهريج

Synthesis of proteins occurs on the 

surface of rough ER through 

ribosomes



Protein sorting

Proteins synthesized

on free ribosomes 

either remain in the 

cytosol or are

transported to the 

nucleus, mitochondria,

or peroxisomes.

✓ Proteins containing signal 

sequences are synthesized 

on membrane-bound 

ribosomes and translocated 

directly into the ER.

✓ These proteins may stay 

within the ER or transported 
to nuclear membranes, 

peroxisomal membranes, or 

the Golgi apparatus and, 

from there, to endosomes, 

lysosomes, the plasma 
membrane, or outside the 

cell via secretory vesicles.

Signal sequence: a short sequence of amino acids of the polypeptide at the amino terminus. It is then cleaved
from the polypeptide chain during its transfer into the ER lumen.

In cell biology, a lumen is a 

membrane-defined space that is 
found inside several organelles, 
cellular components, or 

structures

✓ If the signal sequence is 

present on the N terminus of 
the protein while it is being 

synthesized in the ribosome, 
the protein will be directed 

to the surface of rough ER 

and protein synthesis 
continues into the ER lumen. 

If there are no signal 
sequences, protein synthesis 

will be completed in the 

cytosol.



Protein sorting

Signal sequence: a short sequence of amino acids of the polypeptide at the amino terminus. It is then cleaved
from the polypeptide chain during its transfer into the ER lumen.

If the protein is bound to the 
peroxisomal membrane it was 
synthesized in the 
endoplasmic reticulum .

but if it is directed 
to the peroxisome, 
it will come from 
free ribosomes in 
the cytosol.

You should memorize where 2 
types of proteins bound



The signal sequence is recognized as the protein is synthesized 
and the ribosome is transported to the surface of the RER

Translation resumes on the surface of RER, the 
peptide simultaneously translocates into the ER
through the translocon, and the signal peptide 
is cleaved by signal peptidase

The completed polypeptide chain is released within the ER lumen

 
step 2 ) Interaction with 
a channel protein on 
the surface of RER 
called Translocon

Step 3) translocon will 
open to allow the 
protein to enter into ER 
as it is synthesised 

Step 4+5) During the 
protein synthesis and 
when it enters the ER 
lumen , the signal 
peptide is cleaved off 
(removed ) through 
peptidase enzyme 
( hydrolysis )

Transporter



Pathways of protein sorting

Secretory, ER, Golgi apparatus, and lysosomal proteins are released into the
lumen of the ER.

Membranous proteins are initially inserted into the ER membrane. 

Considerations

Single vs. multiple membrane-spanning region

Orientation of N- and C-termini

The lumens of the 
ER and Golgi 
apparatus are 
topologically 
equivalent to the 
exterior of the cell.

secretory vesicles to the plasma membrane

Integrated Then they transport to 

their specific membrane 
(plasma membrane , 
peroxisome membrane 
and etc …..) with 
the  same shape as they 
had in the ER

Number of domains 
doesn’t change during 
the transport process 

So if the N terminus 
exists in the ER lumen , it 
will be found outside the 
cell in the plasma 
membrane (بعد نقل البروتين ) 
And the C terminus will 
be inside the cell (into the 
cytosol )

ة متماثلة في البيئة الداخلي
the same 
environment 



Insertion of membrane proteins via internal 
transmembrane sequences

• Translocation of the polypeptide chain stops 

when the translocon recognizes a

transmembrane sequence allowing the

protein to become anchored in the ER 

membrane.

• The direction of the internal 
transmembrane sequence determines 

the direction of insertion and orientation
of the protein ends.

Transmembrane  

Sequence

Transmembrane  

Sequence

How do membrane proteins integrate into the ER 
membrane?
There is a specific sequence of amino acids called 
(transmembrane sequence) During the protein synthesis 
process this part will become anchored in the ER

the N terminus is oriented toward the cytosol 

and the C terminus is in the lumen, if the 
transmembrane domain sequence is flipped, 

the direction of both of them will change  .



Multi-transmembrane domain proteins have  
multiple transmembrane sequences



Once inside the ER, proteins are
Folded (with the help of chaperones) 

Complexed (quaternary structure)

Disulfide bond formation by protein disulfide isomerase

Glycosylated

Anchored by lipids

Chaperones

If the protein get inside the lumen , 
what will happen ? 
-protein folding 
(protein will take the 3D structure 
(tertiary structure))
-some proteins need help from the 
chaperones because they cannot 
takes their proper 3D structure so 
they need help (chaperones: proteins 
that help in protein folding )  

Chaperones: البروتينات المرافقة

If the protein have quaternary 
structure mean that it is made of 
more than one polypeptide and also it 
will form quaternary structure in 
endoplasmic reticulum and maybe 
chaperones can help as well



Once inside the ER, proteins are
Folded (with the help of chaperones) 

Complexed (quaternary structure)

Disulfide bond formation by protein disulfide isomerase

Glycosylated

Anchored by lipids

If the protein have disulfide bond there 
is an enzyme called protein disulfide 
Isomerase will help to form the proper 
disulfide bonds or the right bonds 
between cysteine residuesLike asparagine via 

glycosidic bond 
called N-linked 

glycosidic bond 
Either directly connect 
fatty acid chain with 
amino acid 
or sugar residue 
mediating fatty acid 
molecule with protein 
molecule 

Sugars

We call it GPI 
(glycosyl 
phosphatidyl 
inositol )

B



Protein folding and ER-associated degradation 
(ERAD)

If correctly folded, proteins move on.

If misfolded, proteins are sent to the 
cytosol, ubiquitylated (addition of small 
proteins called ubiquitins), and 
degraded in the proteasome.

If the protein folding incorrectly, there is a system in cell called ( protein 
folding and ERAD ) this system is sensor in quality control 

The system wathches how the protein folding is going ,if the folding is 
right the protein move on ,but if there is misfolding in this case the 
protein will be unfolded and then folded again.

If the protein is misfolded again so the protein is sent outside the 
endoplasmic reticulum( it happen to the protein what’s called 
Ubiquitination ) What does it mean? there is small proteins called 
ubiquitins , these proteins are added to the protein so Ubiquitination will 
happen to the protein 
 and from here we will go to  large protein complex called proteasome 
doing protein degradation to misfolded proteins or proteins that the cell 
no longer needs so the cell will replace ( turnover ) these proteins

some: structure/ 

object( like 
chromosome) Ubiquitination: The process of adding 

small proteins called ubiquitins for the 
purpose of protein degradation or 

polypeptide degradation.



Synthesis of phospholipids in ER

The smooth ER is the major site of 
synthesis of:

Membrane glycerophospholipids, which are 
then transported from the SER to other 
membranes.
Sphingophospholipids (like ceramides and
glycolipids) and steroids.

Large amounts of smooth ER are found in steroid-

producing cells, such as those in the testis and ovary.

SER is abundant in the liver, which contains 
enzymes that metabolize various lipid-
soluble compounds.

Responsible for lipid metabolism specifically 

formation of glycerophospholipids that 
composed of glycerol , two fatty acid , 

phosphate group ( phosphocholine as an 

example that form phosphatidylcholine ) .
Then Formation of 

phosphatidylethanolamine , 
phosphatidylinositol, Phosphatidylserine, 

etc…

Glycolipid : 
ceramides with 
sugar molecule or 
disaccharide 
Forming 
globosides or 
gangliosides that 
composed of sialic  
acid 

Because they are responsible for the production of cholesterol 
hormones such as estrogen, progesterone and androgens.

In addition, for drugs that are lipophilic, it is difficult for 
the body to eliminate them. Therefore, they are sent to the 
liver, specifically to the smooth endoplasmic reticulum 
(SER) in liver cells, where the lipophilic molecules are 
modified to become hydrophilic, allowing the body to 
easily excrete them



ER-Golgi intermediate compartment (ERGIC)

Proteins and lipids are 
carried from the ER to the 
Golgi in transport vesicles, 
which fuse with the ER–
Golgi intermediate 
compartment (ERGIC), and 
are then carried to the 
Golgi.

ERGIC: Check points



Retention of ER protein

Many proteins with KDEL sequence
(Lys-Asp-Glu-Leu) at C-terminus are
retained in the ER lumen.

If the sequence is deleted, the 
protein is transported to the Golgi 
and secreted from the cell.

Addition of the sequence causes a 
protein to be retained in the ER.

If the protein must remain in the endoplasmic reticulum , it will be 

sent to ER via vesicles because they have amino acid sequence 
called KDEL so it is signal that the protein must go back to ER

KDEL
K: Lysine
D: Aspartic Acid
E: Glutamate
L: Leucine
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:Additional Resources:رسالة من الفريق العلمي

Reference Used:
(numbered in order as cited in the text)

The Cell: A Molecular Approach 8th Edition 
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