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Class 9 Biology - Chapter 1: CELL - The Fundamental Unit of Life

& CELL - The Fundamental Unit
of Life

# Chapter Overview

Cells are the basic structural and functional units of all living organisms. Just
like bricks make a building, cells make up all living things!

@, Discovery of Cell

e = Cell Theory

o ¢ Types of Cells - Prokaryotic and Eukaryotic
e [* Cell Structure and Organelles

e & Plasma Membrane and Cell Wall

e @ Nucleus - The Control Center

4 Organelles and Their Functions
) Cell Division Basics




@, 1. DISCOVERY OF CELL

= The Story of Cell Discovery

1665 - Robert Hooke

English scientist Robert Hooke observed thin slice of cork under a simple

microscope

Saw tiny box-like structures resembling honeycomb

Named these structures "CELLS" (Latin: cellula = little room)

Actually saw dead cell walls, not living cells

Published findings in his book "Micrographia”

1674 - Anton van Leeuwenhoek

¢ Dutch scientist who improved microscope design

First to observe living cells

Discovered bacteria, protozoa, and blood cells

Called them "animalcules" (little animals)

Father of Microbiology

1831 - Robert Brown

o Scottish botanist
e Discovered the nucleus in plant cells

o Named it "nucleus" (Latin: kernel or core)



= 2. CELL THEORY
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/2 Three Fundamental Postulates
Proposed by: Matthias Schleiden (1838) and Theodor Schwann (1839)

1. All living organisms are composed of one or more cells

o Bacteria = single cell
e Humans = trillions of cells

e Plants, animals, fungi - all made of cells
2. The cell is the basic unit of structure and organization in organisms

o Smallest unit that can carry out all life processes
¢ Like bricks in a building

o Can exist independently (unicellular) or collectively (multicellular)

3. All cells arise from pre-existing cells

Added by Rudolf Virchow (1855)

"Omnis cellula e cellula" - every cell from a cell

Cells reproduce through cell division

New cells are not created from non-living matter
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. Importance of Cell Theory

4 Unified concept - all living things share common structure

4 Foundation of modern biology and medicine

4 Helped understand diseases, inheritance, evolution

(4 Basis for biotechnology and genetic engineering



< 3. TYPES OF CELLS

il Two Major Categories

Based on presence or absence of membrane-bound nucleus and organelles:

1. Prokaryotic Cells - Without true nucleus

2. Eukaryotic Cells - With true nucleus

#x Prokaryotic Cells

/° Key Characteristics

Definition: "Pro" = before, "karyon" = nucleus (cells without true nucleus)

Features:

" Genetic material: Not enclosed in nuclear membrane (nucleoid
region)

e © No membrane-bound organelles: No mitochondria, ER, Golgi, etc.
e 4 Ribosomes: Present (70S type)

o & Cell wall: Present (made of peptidoglycan in bacteria)

“, Size: Very small (1-10 ym)

£ Cell division: Binary fission (simple division)
Examples:

» Bacteria (E. coli, Salmonella)
» Blue-green algae (Cyanobacteria)

* Mycoplasma (smallest living cells)



4 Eukaryotic Cells

/” Key Characteristics

Definition: "Eu" = true, "karyon" = nucleus (cells with true nucleus)
Features:

o & Genetic material: Enclosed in nuclear membrane (nucleus)
o 4 Membrane-bound organelles: Mitochondria, ER, Golgi, etc.
e 4 Ribosomes: Present (80S type)

o [& Cell wall: Present in plants (cellulose), absent in animals

“, Size: Larger (10-100 pum)

£ Cell division: Mitosis and meiosis (complex)

Examples:

All plants (algae, mosses, ferns, flowering plants)

All animals (amoeba, fish, birds, mammals)

Fungi (yeast, mushrooms)

Protists (paramecium, euglena)



il Comparison: Prokaryotic vs Eukaryotic Cells

Nucleus

Nuclear membrane

Chromosomes

Membrane-bound
organelles

Ribosomes

Cell wall

Size

Cell division

Examples

Absent (nucleoid
region)

Absent

Single circular
DNA

Absent

70S (smaller)

Present
(peptidoglycan)

1-10 pm (small)

Binary fission

Bacteria,
Cyanobacteria

Present (true nucleus)

Present

Multiple linear DNA

Present

80S (larger)

Present in plants
(cellulose), absent in
animals

10-100 pm (large)

Mitosis/Meiosis

Plants, Animals, Fungi



= 4. STRUCTURE OF A CELL

@ Three Main Components

1. Plasma Membrane - Outer boundary of cell
2. Cytoplasm - Jelly-like substance inside cell

3. Nucleus - Control center of cell (in eukaryotes)

== 5. PLASMA MEMBRANE (CELL MEMBRANE)

/2 Structure and Function

Definition: Thin, flexible outer boundary that separates cell from environment

Structure:

Made up of lipids and proteins

Fluid Mosaic Model - proteins float in lipid bilayer like icebergs in sea

Lipid bilayer with embedded proteins

Flexible and living membrane

Key Functions:

€ Protection: Protects cell contents from external environment

E Selective permeability: Controls what enters and exits cell

# Communication: Receptors for signals from other cells

&’ Cell recognition: Identifies self vs foreign cells

3, Attachment: Connects to other cells and extracellular matrix



L. Movement Across Plasma Membrane

*-, Types of Transport

1. DIFFUSION

Definition: Movement of molecules from higher concentration to lower

concentration

No energy required (passive process)

Example: Oxygen and CO. exchange in lungs

Continues until equilibrium reached

2. OSMOSIS

¢ Definition: Movement of water molecules from higher water
concentration (dilute solution) to lower water concentration (concentrated
solution) through semipermeable membrane

* No energy required (passive process)

o Example: Water absorption by plant roots

OSMOSIS = Special type of diffusion involving only
WATER

‘------'

3. ACTIVE TRANSPORT

o Definition: Movement of molecules from lower concentration to higher
concentration

o Energy required (ATP used)

o Example: Absorption of minerals by plant roots against concentration

gradient



< Effects of Osmosis on Cells

Three Types of Solutions:
1. ISOTONIC SOLUTION

e Same concentration as cell contents
¢ No net water movement
e Cell remains normal

o Example: 0.9% NacCl solution for blood cells

2. HYPOTONIC SOLUTION

Lower concentration than cell (more dilute)

Water enters cell by osmosis

Animal cell: Swells and may burst (lysis)

Plant cell: Becomes turgid (swollen but firm due to cell wall)

3. HYPERTONIC SOLUTION

Higher concentration than cell (more concentrated)

Water leaves cell by osmosis

Animal cell: Shrinks (crenation)

Plant cell: Plasmolysis (cytoplasm shrinks away from cell wall)



@ 6. CELL WALL

= Plant Cell Wall

Definition: Rigid, non-living outer layer present ONLY in plant cells, fungi, and
bacteria

Composition:

¢ Plants: Cellulose (polysaccharide)
o Bacteria: Peptidoglycan

e Fungi: Chitin
Functions:

¢ Protection: Protects from mechanical damage and pathogens

‘s Support: Provides shape and rigidity to plant cell

4+ Prevents bursting: Withstands turgor pressure when cell absorbs

water

&’ Cell-to-cell interaction: Helps cells stick together

. Fully permeable: Allows all substances to pass through
Special Features:

+ Plasmodesmata: Channels connecting adjacent plant cells through cell
walls

¢ Allow communication and transport between cells



. Cell Wall vs Plasma Membrane

Feature Cell Wall Plasma Membrane

Only in plants, bacteria,

Presence . All cells
fungi

. Inner to cell wall (if

Position Outer to plasma membrane
present)

Nature Non-living, rigid Living, flexible
Composition Cellulose (plants) Lipids and proteins
Permeability  Fully permeable Selectively permeable
Growth Non-living, doesn't grow Living, grows with cell

& 7. NUCLEUS - The Control Center
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/> Structure of Nucleus

Components:

1. NUCLEAR MEMBRANE (Nuclear Envelope)

Double-layered membrane surrounding nucleus

Contains nuclear pores for exchange of materials

Separates nuclear contents from cytoplasm

Outer membrane continuous with ER

2. NUCLEOPLASM

o Jelly-like substance inside nucleus
e Contains chromatin and nucleolus

o Similar to cytoplasm but inside nucleus

3. CHROMATIN MATERIAL

Thread-like structures made of DNA and proteins

Contains genetic information (genes)

Condenses to form chromosomes during cell division

DNA stores hereditary information

4. NUCLEOLUS

Spherical body inside nucleus

Site of ribosome synthesis
Rich in RNA and proteins

Disappears during cell division



4% Functions of Nucleus

e @ Controls all cell activities - acts as cell's brain
o ¢ Stores genetic information - DNA contains all hereditary

information

]

=. Regulates protein synthesis - controls which proteins are made

i

o [ Cell division - organizes chromosomes for reproduction

o & Heredity - passes genetic information to daughter cells



¥ 8. CYTOPLASM AND CELL ORGANELLES

L. Cytoplasm
Definition: Jelly-like substance between plasma membrane and nucleus

Composition:

Water (70-90%)

Proteins, carbohydrates, lipids

Minerals and salts

Various organelles suspended in it

Functions:

Site of many biochemical reactions

Provides medium for organelles

Stores important chemicals

Helps in intracellular transport

& Cell Organelles - The Tiny Organs

. What are Organelles?

Organelles are specialized structures inside cells that perform specific
functions, just like organs in our body!



¥ 1. MITOCHONDRIA - The Powerhouse

L Energy Generators

Nickname: "Powerhouse of the Cell"
Structure:

Double membrane: Outer smooth, inner folded into cristae

Cristae: Increases surface area for ATP production

Matrix: Inner fluid containing enzymes

Own DNA and ribosomes: Can make their own proteins

Shape: Rod-shaped or spherical
Functions:

e 4 Cellular respiration: Breaks down glucose to produce ATP (energy

currency)
o ® Energy production: Generates energy for all cellular activities
e Formula: CsH1:06 + 60 — 6CO: + 6H.0 + Energy (ATP)

PLE L LN L VN



- 2. PLASTIDS - Only in Plant Cells

&> Colorful Organelles

Definition: Large, colored organelles found ONLY in plant cells and some
protists

Types of Plastids:
A. CHLOROPLASTS (Green)

e Contain chlorophyll (green pigment)

Function: Photosynthesis - making food from sunlight

Structure: Double membrane with internal stacks called grana

Present in green parts of plants (leaves, stems)
Formula: 6CO. + 6H.0 + Light — CeH1206 + 60:

B. CHROMOPLASTS (Colored)

» Contain pigments other than chlorophyll
o Colors: Red, yellow, orange
e Function: Give color to flowers and fruits

o Examples: Carotene (orange), xanthophyll (yellow)
C. LEUCOPLASTS (Colorless)

e Colorless plastids

e Function: Storage of food

o Types:
o Amyloplasts - store starch
o Elaioplasts - store oils/fats

o Aleuroplasts - store proteins



-------------------------------------------------------------

i+ Chloroplasts = Kitchen of the Cell

Makes food for the plant!

-------------------------------------------------------------



@ 3. ENDOPLASMIC RETICULUM (ER) - Transport System

4. The Highway System

Definition: Network of membrane-bound tubes and sheets forming channels
throughout cytoplasm

Two Types:

A. ROUGH ER (RER)

o Surface studded with ribosomes
e Appears rough under microscope
¢ Function: Protein synthesis and transport

e Abundant in cells that secrete proteins

B. SMOOTH ER (SER)

No ribosomes on surface

Appears smooth under microscope

Functions:
o Lipid and steroid synthesis
o Detoxification of drugs and poisons

o Calcium storage

Abundant in liver cells
General Functions of ER:

* 4. Transportation: Acts as channels for material transport
e % Support: Provides structural framework to cell

e s Synthesis: Site of protein and lipid synthesis



@ 4. GOLGI APPARATUS - The Post Office

& Packaging and Dispatch Center

Also called: Golgi complex, Golgi body

Structure:

Stack of flattened, membrane-bound sacs

Looks like stack of pancakes

Associated with small vesicles

Usually near nucleus

Functions:

& Packaging: Packages materials in vesicles

. Modification: Modifies proteins from ER

@ Secretion: Dispatches materials to different targets
e % Formation: Forms lysosomes

o [& Cell plate: Helps in cell wall formation in plants
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% 5. LYSOSOMES - The Suicide Bags

£s Waste Disposal System
Nickname: "Suicide bags of the cell" or "Scavengers of the cell"

Structure:

e Small, spherical vesicles
» Single membrane-bound
o Contain digestive enzymes (hydrolases)

o Formed by Golgi apparatus

Functions:

Digestion: Break down worn-out organelles

f

&3
N
{4

fl Waste removal: Digest foreign materials

<5 Autophagy: Digest own cell components when needed

=s Autolysis: Digest entire cell (during starvation or damage)

Why "Suicide Bags"?

 |f membrane ruptures, enzymes leak out
e Enzymes digest cell's own components

o Can cause cell death (suicide)

A, Important Note

Lysosomes are absent or very rare in plant cells. Plants have
vacuoles that perform similar functions.



$ 6. VACUOLES - Storage Bubbles

0 Storage Compartments

Definition: Membrane-bound spaces filled with water and dissolved
substances

In Plant Cells:

Usually one large central vacuole

Occupies 50-90% of cell volume

Surrounded by tonoplast (vacuolar membrane)

Filled with cell sap
In Animal Cells:

 Many small vacuoles
e Temporary and small

¢ Also called vesicles

Functions:

) Storage: Water, minerals, sugars, amino acids, proteins
o W Waste storage: Stores waste products

e (g Turgor pressure: Maintains cell rigidity in plants

o © Pigments: Stores anthocyanin (gives color to flowers)

S
o € Defense: Stores toxic substances to deter herbivores

Plant Vacuole = Storage Tank + Waste Bin +
Structural Support



{1l 9. COMPARISON: PLANT vs ANIMAL CELLS

~ vs 8 Key Differences

Cell Wall

Cell Shape

Plastids

Vacuoles

Centrioles

Lysosomes

Nucleus
position

Energy
storage

Food making

Mitochondria

4 Present (cellulose)

Fixed (rectangular/square)

4 Present (chloroplasts,
etc.)

One large central vacuole

X Absent (except lower
plants)

Rare or absent

Peripheral (pushed by large
vacuole)

Starch

Autotrophic (makes own
food)

4 Few (has chloroplasts
too)

X Absent

Irregular/round

¥ Absent

Many small vacuoles

£4 Present

Present

Central

Glycogen

Heterotrophic (depends
on others)

2 Many



] 10. CELL DIVISION - Making New Cells

@& Why Do Cells Divide?

e & Growth: Organisms grow by producing more cells
e . Repair: Replace damaged or dead cells

e < Reproduction: Produce offspring

il Types of Cell Division

1. MITOSIS

¢ Division for growth and repair
e Produces two identical daughter cells
e Same number of chromosomes as parent (diploid — diploid)

¢ Occurs in body cells (somatic cells)

2. MEIOSIS

Division for sexual reproduction

Produces four different daughter cells

Half number of chromosomes (diploid — haploid)

Occurs in reproductive cells (gametes)



4, 11. COMMON MISTAKES

X MISTAKE 1: Cell Theory Confusion

Wrong: "All cells come from non-living matter"

Correct: All cells arise from pre-existing cells (Virchow's contribution)

X MISTAKE 2: Prokaryotic vs Eukaryotic

Wrong: "Bacteria are eukaryotic"
Correct: Bacteria are prokaryotic (no true nucleus)

Remember: Pro = primitive, Eu = true

X MISTAKE 3: Mitochondria Location

Wrong: "Mitochondria only in animal cells"
Correct: Mitochondria present in BOTH plant and animal cells

Tip: All eukaryotic cells need energy!



X MISTAKE 4: Plastids Presence

Wrong: "Plastids present in animal cells"
Correct: Plastids present ONLY in plant cells

Remember: Chloroplasts make plants green!

¥ MISTAKE 5: Osmosis Definition

Wrong: "Osmosis is movement of all molecules"

Correct: Osmosis is movement of WATER molecules only through
semipermeable membrane



7 12. PRACTICE QUESTIONS

% Multiple Choice Questions (1 mark each)

Q1. Who discovered the cell?

(a) Leeuwenhoek
(b) Robert Brown
(c) Robert Hooke v
(d) Virchow

Answer: (c) Robert Hooke in 1665

Q2. Which organelle is called the powerhouse of the cell?

(a) Nucleus

(b) Mitochondria v/
(c) Chloroplast
(d)

d) Ribosome

Answer: (b) Mitochondria produces ATP energy

Q3. Cell wall is made up of:

(a) Protein

(b) Lipid

(c) Cellulose v
(d) Chitin

Answer: (c) In plants, cell wall is made of cellulose

Q4. Which is NOT a function of plasma membrane?

(a) Protection
(b) Selective permeability



(c) Protein synthesis v
(d) Communication

Answer: (c) Protein synthesis occurs in ribosomes

Q5. Lysosomes are called suicide bags because:

a) They kill other cells

b) Their enzymes can digest own cell vV
c) They produce poison
)

o~ o~ o~ o~

d) They burst easily

Answer: (b) Digestive enzymes can damage the cell if leaked



% Short Answer Questions (2-3 marks)

Q6. State the three postulates of cell theory.

Answer:

1. All living organisms are composed of one or more cells

2. The cell is the basic unit of structure and organization in organisms

3. All cells arise from pre-existing cells (Virchow)

Q7. Differentiate between prokaryotic and eukaryotic cells (any 3 points).

Answer:

No true nucleus

No membrane-bound
organelles

Example: Bacteria

True nucleus present

Membrane-bound organelles
present

Example: Plant and animal cells

Q8. What is osmosis? Give one example.

Answer:



Definition: Osmosis is the movement of water molecules from a region of
higher water concentration to a region of lower water concentration
through a semipermeable membrane.

Example: Absorption of water by plant roots from soil.



# Long Answer Questions (5 marks)

Q9. Draw a well-labeled diagram of plant cell and write functions of any three
organelles.

Answer:

[Diagram should include: Cell wall, Plasma membrane, Nucleus,
Cytoplasm, Mitochondria, Chloroplast, Vacuole, ER, Golgi apparatus]

Functions:
1. Mitochondria (Powerhouse):

o Carries out cellular respiration

e Produces ATP (energy) for the cell
2. Chloroplast (Kitchen):

o Contains chlorophyll for photosynthesis

o Makes food (glucose) using sunlight, CO-, and water
3. Vacuole (Storage):

o Stores water, minerals, and waste products

¢ Maintains turgor pressure and cell rigidity

Q10. Explain the structure and functions of nucleus.

Answer:

Structure:

¢ Nuclear membrane: Double-layered membrane with nuclear pores



e Nucleoplasm: Jelly-like substance inside nucleus
o Chromatin: Thread-like structures containing DNA

e Nucleolus: Spherical body that makes ribosomes
Functions:

o Controls all cell activities (brain of cell)

Stores genetic information in DNA

Regulates protein synthesis

Responsible for cell division and heredity

Passes genetic information to daughter cells



2 13. EXAM PREPARATION TIPS

@ Important Topics for Exam

+ Discovery of cell and Cell Theory (3 postulates)

e . Prokaryotic vs Eukaryotic cells (comparison)

e > Functions of plasma membrane

e > Osmosis and its effects on cells

o . Difference between cell wall and plasma membrane

+» Structure and functions of nucleus

e > Functions of all organelles (especially mitochondria, chloroplast)
e > Plant cell vs Animal cell (differences)

e  Diagrams: Plant cell, Animal cell, Prokaryaotic cell



. EXAM STRATEGY

For Diagrams:

Draw neat, large diagrams with pencil

Label all parts with straight lines

No arrows should cross each other

Write labels in capital letters

Common Question Types:

1. Cell Theory statements (2-3 marks)
2. Comparison tables (3 marks)

3. Functions of organelles (2-5 marks)
4. Diagrams with labels (3-5 marks)

5. Define and explain processes (osmosis, diffusion) (3 marks)
Time Management:

e 1 mark = 1 minute
e 2-3 marks = 3-5 minutes

e 5 marks = 8-10 minutes



= QUICK REVISION CHECKLIST

=

Key Terms to Remember:

« [ Cell - Basic unit of life

£4 Prokaryotic - No true nucleus

£4 Eukaryotic - True nucleus present

£4 Osmosis - Movement of water only

4 Diffusion - Movement of all molecules

£4 Plasmolysis - Shrinking of cytoplasm

£4 Turgid - Swollen plant cell
1 Chromatin - Thread-like DNA structures

£4 Chromosome - Condensed chromatin during division
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< Organelle Functions - Quick Reference

Organelle Main Function Nickname
Nucleus Controls cell activities Brain of cell
Mitochondria Produces energy (ATP) Powerhouse
Chloroplast Photosynthesis Kitchen of cell
Ribosome Protein synthesis Protein factory
ER Transport system Highway
Golgi Packaging and dispatch Post office
Lysosome Digestion and waste removal Suicide bags

Vacuole Storage Storage tank
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