The Endoplasmic Reticulum

Structure and Function — Study Notes

1. Introduction

The endoplasmic reticulum (ER) is a continuous membranous network of flattened sacs (cisternae),
tubules, and vesicles that extends throughout the cytoplasm of eukaryotic cells, directly continuous with
the outer membrane of the nuclear envelope. It is the largest single membrane-bound organelle in most
eukaryotic cells and forms the principal site of synthesis, folding, modification, and transport of proteins
and lipids. The term was coined by Keith R. Porter, Albert Claude, and Ernest F. Fullam in 1945, who
first observed the organelle using electron microscopy.

Structurally and functionally, the ER is divided into two distinct but continuous regions: the Rough
Endoplasmic Reticulum (RER), studded on its cytosolic surface with ribosomes, and the Smooth
Endoplasmic Reticulum (SER), which lacks ribosomes and appears as a tubular network.
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Fig. 1 — Schematic structure of the ER, showing continuity with the nuclear envelope, ribosome-studded RER, tubular
SER, and vesicular transport toward the Golgi apparatus.

2. Rough ER vs. Smooth ER

Rough ER (RER) Smooth ER (SER)

Ribosomes Present on cytosolic surface Absent
Shape Flattened sacs (cisternae) Branching tubules
Main role Protein synthesis & folding Lipid synthesis & detoxification
Abundance High in secretory cells High in liver, gonadal &
(e.g. pancreas, plasma cells) adrenal cortex cells

3. Functions of the Endoplasmic Reticulum

3.1 Protein Synthesis and Processing (RER)

Ribosomes bound to the RER translate mRNA into polypeptide chains that are threaded into the ER
lumen through a protein channel called the translocon (Sec61 complex). Inside the lumen, chaperone



proteins such as BiP assist correct folding, and the RER is the site where secretory proteins,
membrane proteins, and proteins destined for lysosomes are synthesised. Misfolded proteins are
recognised and degraded via ER-associated degradation (ERAD).

3.2 Lipid and Steroid Synthesis (SER)

The SER contains the enzymes required for the synthesis of phospholipids, cholesterol, and steroid
hormones. It is particularly extensive in cells of the adrenal cortex, testes, and ovaries, which secrete
steroid hormones, and it also synthesises the phospholipid bilayer components needed for the growth
of nearly all cellular membranes.

3.3 Detoxification

In liver cells, the SER is rich in cytochrome P450 enzymes that oxidise and detoxify lipid-soluble drugs,
alcohol, and other harmful metabolic by-products, converting them into water-soluble forms that can be
excreted.

3.4 Calcium Storage and Signalling

The ER lumen acts as the principal intracellular reservoir of calcium ions. Calcium-binding proteins
such as calreticulin and calsequestrin sequester ca®* within the ER; regulated release through IP3 and
ryanodine receptors triggers processes such as muscle contraction (via the sarcoplasmic reticulum, a
specialised SER in muscle cells) and various signal transduction cascades.

3.5 Glycosylation and Quality Control

N-linked glycosylation, the addition of sugar chains to newly synthesised proteins, begins in the ER
lumen. This modification assists in proper protein folding and serves as a molecular tag recognised by
the ER's quality-control machinery before proteins are packaged for transport to the Golgi apparatus.

3.6 Transport

Proteins and lipids processed in the ER are packaged into transport (COPII-coated) vesicles that bud
from specialised regions called ER exit sites and move to the Golgi apparatus for further modification,
sorting, and dispatch to their final destinations.

3.7 Structural / Mechanical Role

Because it forms an extensive membranous network throughout the cytoplasm, the ER also contributes
to maintaining cell shape and provides a scaffold that organises the cytoplasm, often in close
association with the cytoskeleton.
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Fig. 2 — Summary of the major functions of the endoplasmic reticulum.

4. Quick Summary

ER = continuous membrane network connected to the nuclear envelope.

RER (ribosome-studded) - protein synthesis, folding, and quality control.

SER (no ribosomes) - lipid/steroid synthesis, detoxification, ca®* storage.

Transport vesicles carry ER products to the Golgi apparatus for further processing.
Sarcoplasmic reticulum = specialised SER in muscle cells, key to Ca2+-triggered contraction.



