
• ENDOPLASMIC RETICULUM 

 

• The cytoplasmic matrix is traversed by a complex network of inter-connecting membrane bound 

vacuoles or cavities. therefore, known as endoplasmic reticulum, a name derived from the fact that in 

the light microscope it looks like a “net in the cytoplasm.”) 

• The name “endoplasmic reticulum” was coined in1953 by Porter,  

OCCURRENCE 

• The occurrence of the endoplasmic reticulum varies from cell to cell. The erythrocytes (RBC), egg 

and embryonic cells lack in endoplasmic reticulum.  

• In the reticulocytes (immature red blood cells) which produce only proteins to be 

retained in the cytoplasmic matrix (cytosol) (e.g., haemoglobin), the ER is poorly developed or non-

existent, although thecell may contain many ribosomes). The spermatocytes have poorly developed 

endoplasmic reticulum. 

• The adipose tissues, brown fat cells and adrenocortical cells, interstitial cells of testes and cells of 

corpus luteum of ovaries, sebaceous cells and retinal pigment cells contain only smooth endoplasmic 

reticulum (SER).  

• The cells of those organs which are actively engaged in the synthesis of proteins such as acinar cells 

of pancreas, plasma cells, goblet cells and cells of some endocrine glands are found to contain rough 

endoplasmic reticulum (RER) which is highly developed.  

• The presence of both SER and RER in the hepatocytes (liver cells) is reflective of the variety of the 

roles played by the liver in metabolism.  

• MORPHOLOGY 
Morphologically, the endoplasmic reticulum may occur in the following three forms :  

1. Lamellar form or cisternae (A closed, fluid-filled sac, vesicle or cavity is called cisternae) ; 

 2. vesicular form or vesicle and  

3. tubular form or tubules.  

1. Cisternae. The cisternae are long, flattened, sac-like, unbranched tubules having the diameter 

of 40 to 50 μm. They remain arranged parallely in bundles or stakes. RER usually exists 

as cisternae which occur in those cells which have synthetic roles as the cells of pancreas, notochord and 

brain. 

2. Vesicles. The vesicles are oval, membrane- bound vacuolar structures having the diameter of 25 to 

500 μm. They often remain isolated in the cytoplasm and occur in most cells but especially abundant in 

the SER. 

3. Tubules. The tubules are branched structures forming the reticular system along with the 

cisternae and vesicles. They usually have the diameter from 50 to 190 μm and occur almost in all the 

cells. Tubular form of ER is often found in SER and is dynamic in nature, i.e., it is associated with 

membrane movements, fission and fusion between membranes of cytocavity network (see Thorpe, 

1984).  
ULTRASTRUCTURE 
The membrane of endoplasmic reticulum is fluid-mosaic like the unit membrane of the plasma 

membrane, nucleus, Golgi apparatus, etc. The membrane, thus, is composed of a bimolecular layer of 

phospholipids in which ‘float’ proteins of various sorts.  

distended in certain cells which are actively engaged in protein synthesis (e.g., acinar cells,  

TYPES OF ENDOPLASMIC RETICULUM 
Two types of endoplasmic reticulum have been observed in same or different types of cells which 

are as follows: 



1. Agranular or Smooth Endoplasmic Reticulum 
This type of endoplasmic reticulum possesses smooth walls because the ribosomes are not 

attached with its membranes. The smooth type of endoplasmic reticulum occurs mostly in those cells, 

which are involved in the metabolism of lipids (including steroids) and glycogen. The smooth 

endoplasmic reticulum is generally found in adipose cells, interstitial cells, glycogen storing cells of 

the liver, conduction fibres of heart, spermatocytes and leucocytes.  

• The muscle cells are also rich in smooth type of endoplasmic reticulum and here it is known as 

sarcoplasmic reticulum.  

• In the pigmented retinal cells it exists in the form of tightly packed vesicles and tubes known as 

myeloidbodies.  

• Glycosomes. Although the SER forms a continuous system with RER, it has different 

morphology. For example, in liver cells it consists of a tubular network that pervades major 

portion of the cytoplasmic matrix. These fine tubules are present in regions rich in glycogen and 

can be observed as dense particles, called glycosomes, in the matrix. Glycosomes measure 50 to 

200 nm in diameter and contain glycogen along with enzymes involved in the synthesis of 

glycogen. 
2. Granular or Rough Endoplasmic Reticulum 

• The granular or rough type of endoplasmic reticulum possesses rough walls because the 

ribosomes remain attached with its membranes. 

• Ribosomes play a vital role in the process of protein synthesis. The granular or rough type of 

endoplasmic reticulum is found abundantly in those cells which are active in protein synthesis 

such as pancreatic cells, plasma cells, goblet cells, and liver cells.  

• The granular type of endoplasmic reticulum takes basiophilic stain due to its RNA contents of 

ribosomes.  

• In RER, ribosomes are often present as polysomes held together by mRNA and are arranged in 

typical “rosettes” or spirals. RER contains two transmembrane glycoproteins (called 

ribophorins I and II  
FUNCTIONS OF ENDOPLASMIC RETICULUM 
The endoplasmic reticulum acts as secretory, storage, circulatory and nervous system for the cell. 

It performs following important functions: 

A. Common Functions of Granular and Agranular Endoplasmic Reticulum 
1. The endoplasmic reticulum provides an ultrastructural skeletal framework to the cell and gives mechanical support to 

the colloidal cytoplasmic martix. 

2. The exchange of molecules by the process of osmosis, diffusion and active transport occurs through the membranes of 

endoplasmic reticulum. Like plasma membrane, the ER membrane has permeases and carriers. 

3. The endoplasmic membranes contain many enzymes which perform various synthetic and 

metabolic activities. Further the endoplasmic reticulum provides increased surface for various enzymatic reactions. 

4. The endoplasmic reticulum acts as an intracellular circulatory or transporting system. Various secretory products of 

granular endoplasmic reticulum are transported to various organelles as follows: Granular ER            agranular ER            

Golgi membrane           lysosomes, transport vesicles or secretory granules. Membrane flow may also be an important 

mechanism for carrying particles, molecules and ions into and out of the cells. Export of RNA 

and nucleoproteins from nucleus to cytoplasm may also occur by this type of flow . 

5. The ER membranes are found to conduct intra-cellular impulses. For example, 

the sarcoplasmic reticulum transmits impulses from the surface membrane into the deep region of the muscle fibres. 

6. The ER membranes form the new nuclear envelope after each nuclear division. 

7. The sarcoplasmic reticulum plays a role in releasing calcium when the muscle is stimulated and actively transporting 

calcium back into the sarcoplasmic reticulum when the stimulation stops and the muscle must be relaxed. 

B. Functions of Smooth 
Endoplasmic Reticulum 



Smooth ER performs the following functions of the cell : 

1. Synthesis of lipids. SER performs synthesis of lipids (e.g., phospholipids, cholesterol, etc.) and lipoproteins. Studies 

with radioactive precursors have indicated that the newly synthesized phospholipids are rapidly transferred to other 

cellular membranes by the help of specific cytosolic enzymes, called 

phospholipid exchange proteins. 

2. Glycogenolysis and blood glucose homeostasis. The process of glycogen synthesis (glycogenesis) 

occurs in the cytosol (in glycosomes). The enzyme UDPG-glycogen transferase, which is 

directly involved in the synthesis of glycogen by addition of uridine diphosphate glucose (UDPG) 

to primer glycogen is bound to the glycogen particles or glycosomes. SER is found related to glycogenolysis or 

breakdown of glycogen. An enzyme, called glucose- 6- phosphatase (a marker enzyme) exists as an integral protein of 

the membrane of SER (e.g., liver cell). Generally, this enzyme acts as a glucogenic phosphohydrolase that catalyzes the 

release of free glucose molecule in the lumen of SER from its phosphorylated form in liver . Thus, this process operates 

to maintain homeostatic 

levels of glucose in the blood for the maintenance of functions of red blood cells and nerve tissues. 

3. Sterol metabolism. The SER contains several key 

enzymes that catalyze the synthesis of cholesterol which is also 

a precursor substance for the biosynthesis of two types of 

compounds— the steroid hormones and bile acids : 

(i) Cholesterol biosynthesis.  

(ii) Bile acid synthesis.  

(iii) Steroid hormone biosynthesis.  

4. Detoxification. Protectively, the ER chemically modifies xenobiotics (toxic materials of both 

endogenous and exogenous origin), making them more hydrophilic, hence, more readily excreted. 

Among these materials are drugs, aspirin (acetyl-salicylic-acid), insecticides, anaesthetics, petroleum 

5. Other synthetic functions. SER plays a role in the synthesis of triglycerides in intestinal 

absorptive cells and of visual pigments from vitamin A by pigmented epithelial cell of retina. In plant 

cells, SER forms the surface where cellulose cell walls are being formed. 

C. Functions of Rough Endoplasmic Reticulum 
The major function of the rough ER is the synthesis of protein. It has long been assumed that 

proteins destined for secretion (i.e., export) from the cell or proteins to be used in the synthesis of 

cellular membranes are synthesized on rough ER-bound ribosomes, while cytoplasmic proteins are 

translated for the most part on free ribosomes. In fact, the array of the rough endoplasmic reticulum 

provides extensive surface area for the association of metabolically active enzymes, amino acids and 

ribosomes. There is more efficient functioning of these materials to synthesize proteins when oriented 

on a membrane surface than when they are simply in solution, mainly because chemical combinations 

between molecules can be accomplished in specific geometric patterns. 

The membrane-bound ribosomes are attached with specific binding sites or receptors of rough 

ER membrane by their large 60S subunit, with small or 40S subunit sitting on top like a cap. These 

receptors are membrane proteins which extend well into and possibly through the lipid bilayer. The 

receptor proteins with bound ribosomes can float laterally like other membrane proteins and may 

facilitate formation of the polysome and probably translation which requires that mRNA and ribosome 

move with respect to each other. residue are quickly removed from the oligosaccharides of most glycoproteins. Such 

oligosaccharide “trimming” or “processing” continues in the Golgi apparatus 


