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CELL THE UNIT OF LIFE

B I O L O G Y

LOCOMOTORY STRUCTURES, NUCLEUS, 
MITOCHONDRIA

Key Takeaways

•   Eukaryotic cell and its organelles
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Prerequisites

•   Locomotory Structures               •   Nucleus               •   Mitochondria
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Locomotory Structures

*Note
Flagella of prokaryotes and eukaryotes are structurally different. Eukaryotic flagella are made 
up of tubulin, whereas prokaryotic flagella are made up of flagellin.

Cilia Flagella

Paramoecium Euglena

They are short, hair-like extensions of 
the plasma membrane.

They are long, whip-like extensions of the 
cell membrane*.

Several cilia may occur throughout the 
surface of the cell.

They beat in a coordinated, oar-like 
fashion to allow the movement.

They help in locomotion, aeration, 
feeding, circulation, etc.

Example: Epithelial cells lining the 
respiratory tract have cilia.

Flagella are fewer in number and are
usually found at the terminal ends of the cell.

They beat independently.

They are usually involved only in 
locomotion.

Example: Sperm cells have flagella.

• They are extensions of the 
plasma membrane. Hence, they 
are entirely covered by the 
plasma membrane.

• They arise from basal bodies. 
Basal bodies are cylindrical 
structures which contain nine 
triplet microtubules. 

Structure of cilia and flagella

Basal 
body

Euglena
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• The core of the basal body is known as the axoneme.

Structure of axoneme (the core)

9 + 2 arrangement

One pair of central 
microtubules

Nine doublets of 
radially arranged 
peripheral 
microtubules. They 
run parallel to the to 
the long axis. Central sheath 

covers the central 
microtubules

Dyenin head: 
Dyenins are 
proteins that use 
ATP to drive the 
movement of the 
structures.

Linkers join the 
microtubule 

doublets.

Nucleus

History of the nucleus

1831 - Discovery of the nucleus

Robert Brown observed a distinct structure in the centre of the cell and 
termed it as ‘nucleus’.

Robert Brown Nucleus
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Properties of the nucleus

1879 - Discovery of chromatin

•  Walther Flemming studied cell division in salamander cells using 
basic stains.

•  He observed bands inside the nucleus and termed them as  
‘chromatin’.

• Nucleus is a membrane-bound organelle found in eukaryotic cells. 
• It takes up about 10% of the volume of the eukaryotic cells.

Walther Flemming
Cell division under the microscope. 
The thread-like structures seen in 
the cells are the chromatin.

•  It is known as the ‘Brain of the cell’ as it contains DNA* (genetic material) which controls all 
the important functions of the cell.

•  Usually, each cell has a single nucleus. But some types of cells may have more than one  
nucleus.

Monokaryotic/Uninucleate Dikaryotic/Binucleate
Multinucleate/Coenocytic/

Syncytium

•  Presence of one central  
nucleus

•  Presence of multiple 
nuclei

•  Presence of two nuclei

Cell Cell Cell

Single 
nucleus

Two  
nuclei

Multiple  
nuclei

Types of cells (Based on the number of nuclei)
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Note

•  It is the genetic material present in the cell which provides information for important  
functions of the cell.

• It also encodes information for the next generation of cells.
• DNA is present in the following organelles:
  →   Nucleus
  →   Mitochondria
  →   Plastids

DNA* (Deoxyribonucleic acid)

Structure of the nucleus

Nucleolus

Nucleus

Nucleoplasm

Chromatin

Nuclear pore

Nuclear membrane

Nuclear membrane (Nuclear envelope)

•  It encloses the genetic material in an exclusive compartment. 
•  It protects the genetic material from the degrading enzymes present in the cytoplasm of the 

cell.
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•  Nuclear lamina - Mesh-like structure formed by intermediate filaments which provides  
mechanical support and structural scaffolding for the nucleus.

Structure of nuclear 
membrane

Perinuclear  
space

Double membrane
(Phospholipid bilayer)

Nuclear pore
(Small gaps in the nuclear 
membrane through which 
movement of RNA and  
protein molecules takes 
place in both directions  
between the nucleus and 
the cytoplasm)

Outer membrane
(Associated with  
ribosomes and is  
continuous with  
endoplasmic  
reticulum)

Perinuclear space 
(10-50 nm wide, 
fluid-filled space 
between the  
membranes)

Inner membrane

Endoplasmic 
reticulum

Ribosomes

Nucleoplasm/Karyoplasm/Karyolymph

•  The nuclear membrane encloses a part of the protoplasm known as the nucleoplasm (Hence, 
nucleoplasm + cytoplasm = protoplasm).

• The nucleoplasm is a jelly-like matrix that contains water, lipids, proteins and dissolved ions.
• The nucleolus and chromatin are suspended in the nucleoplasm.
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Nucleolus

Chromatin

• It is the dense, spherical structure suspended in the nucleoplasm.
• It is not bound by a membrane.
• Thin thread-like networks of nucleo-protein fibres are present. This includes:
  →   DNA

  →   RNA

  →   Histone proteins (proteins that contain basic amino acids)
  →   Non-histone proteins 
•  It is the site of ribosomal RNA synthesis (ribosomes are non-membrane bound organelles 

involved in protein synthesis).
• Cells may have one or more nucleoli.

• The DNA in the nucleus is arranged in the form of thread-like structures known as chromatin.

• Chromatin is present in the interphase nucleus as a network of nucleoprotein fibres.

Chromatin and chromosomes

Chromatin components 
(Nucleoprotein complex)

Nucleic acid component

DNA

RNA

Histone proteins 
(Consists of basic 
amino acids)

Non-histone proteins

Protein component
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Euchromatin Heterochromatin

Types of chromatin

• Loosely packed part of chromatin
• Stains lightly with nuclear stains

•  Tightly packed part of chromatin
• Stains darkly with nuclear stains

• Chromosomes are formed by condensation of chromatin.
•  A single human cell has approximately two metre long thread of DNA distributed among its 

23 x 2 = 46 chromosomes.

Chromosomes

Structure of chromosomes

Chromatid - Each chromosome has two 
sister chromatids

Centromere - Primary constriction

Kinetochore - Proteinaceous disc- 
shaped structures on the sides of the 
centromere which helps in cell division

Telomere - Terminal ends of the  
chromatids
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•  Homologous chromosomes are pairs of chromosomes which are similar but not identical. 
They have similar centromere location and are similar in length and gene position. 

Homologous 
chromosomes

Centromere

Sister
chromatids

Constrictions of the chromosome

Short (p) arm

Long (q) arm

Satellite

-  Part of the chromosome  
separated by secondary  
constriction

-  Helps in distinguishing  
between organisms

-  Helps in formation of  
nucleolus after cell division

Primary constriction

-  Narrowing of the chromosome 
due to centromere

-  Divides chromosomes into 
short (p) arm and long (q) arm

Secondary constriction

-  Found in some chromosomes 
at sites other than primary  
constriction

- Mostly found at terminal ends
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Metacentric Sub-metacentric Acrocentric Telocentric

Types of chromosomes

Centromere is at
centre

p arm = q arm

Centromere is  
almost near centre

p arm < q arm

Centromere is  
farther from centre

p arm < q arm

Centromere is at 
terminal position
No p arm and 1 q 

arm

• Human karyotype is a representation of the chromosomes present in a human cell. 
• Chromosomes 1, 3, 16, 19 and 20 and X chromosome are metacentric.
• Chromosomes 2, 4-12 are sub-metacentric.
• Chromosome 13, 14, 15, 21 and 22 and Y chromosome are acrocentric
• There are no telocentric chromosomes.

Did you know?
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Mitochondria

• Mitochondria is a sausage/cylindrical shaped organelle found in cytoplasm.
• It is known as the “powerhouse of the cell”.
  →   It is the site for ATP synthesis and storage.
• It is semi-autonomous.
  →   Has its own genetic material - mtDNA

  →   Can produce its own proteins 
  →   Divides itself by fission during cell division
  →   Follows maternal inheritance (only mother’s mtDNA is transferred to offspring)

• Cells that need more energy have more mitochondria.
  →   Muscle cells have very high numbers of mitochondria.
  →   Meristematic cells which keep on dividing are highly active and have many mitochondria. 
  →    The muscle cells of hummingbirds have large number of mitochondria because they beat 

their wings very fast and require a lot of energy.

Did you know?

Mitochondria
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Double-membrane system

Outer membrane

Inner membrane

Cristae

Matrix

Cristae

Outer membrane
• Continuous and smooth
• Contains transport proteins
• Selectively permeable

• Increase surface area of the inner membrane
• Contains ATP synthase/F0 - F1 Particle/Oxysomes
• ATP synthase is responsible for ATP synthesis

Inner membrane
• Less selectively permeable
• Folded to form cristae

I

II

Structure of mitochondria
I

I

III

I

Transport protein

Outer membrane

Inter-membrane space

Crista

Inner membrane

ATP synthase
Base
Stalk
Head

Mitochondrial 
membrane
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• Cristae creates two compartments:
  →   Outer compartment bound by outer membrane.
  →     Inter-membrane space or peri-mitochondrial space, bound by 

inner membrane, is filled with a fluid similar to the cytoplasm.

Matrix

Mitochondrial ATP synthase

•  Rich in enzymes and proteins involved in respiration and other metabolic 
pathways

•  Has single, circular, double stranded DNA called mitochondrial DNA 
(mtDNA)

• Also has 70S ribosomes and RNA molecules

III

Summary Sheet

Cilia
Flagella

Locomotory Structures

( Axoneme shows a 9 + 2 arrangement of tubules)
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• Nucleus is a membrane bound organelle in eukaryotes. It contains DNA as the genetic material.

•  Mitochondria is the powerhouse of the cell which stores and synthesises energy in the form 
of ATP.

Outer membrane - Continues to 
form the endoplasmic reticulum

Nucleolus - Site of 
ribosome synthesis

Nucleoplasm

Nuclear pore - Gaps  
between the nuclear membrane which 
allow movement of molecules in both 
direction (nucleus to cytoplasm and 
cytoplasm to nucleus)

Chromosomes
(genetic material)

Centromere- Divides 
the chromosome into 
two parts ; p and q 
arm

Kinetochore -  
Proteinaceous disc that 
helps in cell division

Chromatids -  
Chromosome has  
2 chromatids

Inner
membrane
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DNA 

•   Maternal single circular 
mtDNA

•   Mitochondria divides  
autonomously by  
fission

Ribosomes

F
1
 portion

Matrix

Outer membrane 
•   Selectively permeable, smooth,  

continuous membrane that transports 
proteins

Inner membrane 

•   Less selectively permeable  
membrane

•  Folded to form cristae

Intermembrane space 

•   Space between the membranes 
that is also known as  
periplasmic space

•  Filled with fluid
Cristae 

•   Cristae increases surface area

•   Contains oxysomes/ F0 - F1 / 
ATP synthase molecules

F
0
 portion 

•   ATP synthase: ATP 
synthesis occurs here


