THE FUNDAMENTAL UNIT OF LIFE

CBSE CLASS 9 SCIENCE « CHAPTER 5 - PREMIUM HIGH-YIELD STUDY NOTES

| 1. Introduction: The Cell Theory

All living organisms are composed of microscopic structural units called cells. A cell is defined as the foundational,
structural, and functional unit of life because it is the smallest entity capable of independently carrying out all
metabolic processes necessary to sustain life.

Milestones in Cellular Discovery:

* Robert Hooke (1665): Examined a thin slice of dead cork tissue under a primitive microscope. He observed
a cluster of empty box-like compartments resembling honeycombs and coined the term "Cell” (Latin: small
room).

« Anton van Leeuwenhoek (1674): Using an improved microscope, he discovered active, free-living cells
(bacteria and protozoa) in pond water for the first time.

 The Classical Cell Theory: Proposed jointly by botanist Matthias Schleiden (1838) and zoologist Theodor
Schwann (1839). It stated that all plants and animals are entirely composed of cells, making the cell the
baseline unit of life.

* Rudolf Virchow (1855): Expanded the theory by stating "Omnis cellula e cellula”, which means all living
cells emerge strictly from pre-existing cells via division.

| 2. Morphological Variations: Cell Shape & Size

Cells showcase a vast range of sizes and shapes that correlate directly with their specialized physiological
functions:

Cell Type Anatomical Shape Extremes in Size Dimensions:

* Smallest Cell: Mycoplasma (PPLO) ($ pprox 0.1
Nerve Cell Long and Branched (Transmits ext{ to } 0.5 \\mu ext{m}$).

N ignal
(Neuron) signals) * Largest Isolated Cell: The single egg of an

Muscle Cell Spindle-shaped (Contraction) Ostrich.
» Longest Cellular Structure: Nerve cells

Red Blood Cell Biconcave / Disc-shaped (Neurons) stretching over a meter.
(RBC) (Oxygen bind)

White Blood Cell Irregular / Amoeboid (Defends

(WBC) system)

3. Core Architectural Components of a Cell

Every typical eukaryotic cell contains three main structural regions: the Plasma Membrane, the Nucleus, and the
surrounding fluid Cytoplasm.
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A. Plasma Membrane & Cellular Transport Dynamics

The Plasma Membrane is a dynamic, ultra-thin, flexible outer layer that encloses the cytoplasm. It is selectively
permeable, allowing only targeted molecules to move in or out while blocking others.

« Diffusion: The spontaneous net movement of gas or solute particles from a region of higher concentration
to a region of lower concentration (e.g., movement of $ ext{O}_2$ and $ ext{CO}_2$ across cellular
margins).

» Osmosis: The targeted movement of water molecules through a selectively permeable membrane from a
region of high water concentration (dilute solution) to low water concentration (concentrated solution).
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The Behavior of Cells in Varied Solutions

Hypotonic Solution: Hypertonic Solution:

The medium surrounding the cell has a higher water The medium surrounding the cell has a lower water
concentration than the inside of the cell. concentration than the inside of the cell.

Net Result: Water moves inside via endosmosis; Net Result: Water leaves the cell via exosmosis;
the cell swells up and may eventually burst. the cell contents shrink (Plasmolysis in plants).

Isotonic Solution: The surrounding medium has exactly the same water concentration as the interior of the
cell. Net Result: There is no net movement of water, and the size of the cell remains completely unchanged.

B. The Plant Cell Wall

Found exclusively in plant cells, fungi, and some bacteria, the Cell Wall is a rigid, non-living outer protective layer
composed of cellulose. It sits directly outside the plasma membrane, providing structural strength, definitive shape,
and mechanical support to prevent the cell from bursting in highly dilute (hypotonic) media.

4. The Control Center: Nucleus & Genetic Material

The Nucleus serves as the master command hub regulating all cellular actions and metabolic pathways:

* Nuclear Membrane: A double-layered porous boundary that regulates material exchange between the
inside of the nucleus and the cytoplasm.

* Nucleoplasm & Nucleolus: Nucleoplasm is the fluid matrix inside, which houses a dense spherical body
called the nucleolus (responsible for ribosome synthesis).

+ Chromosomes & DNA: During active phases, chromatin condenses into rod-shaped structures called
chromosomes. Chromosomes are composed of DNA (Deoxyribonucleic Acid) and proteins. Genes are the
functional segments of DNA that act as the fundamental units of heredity, transmitting physical traits across
generations.

| 5. Prokaryotic vs. Eukaryotic Structural Classification

Feature Property Prokaryotic Cells Eukaryotic Cells

Poorly defined; lacks a nuclear
Nuclear Region membrane. Genetic material floats freely
as a nucleoid.

Well-defined and safely enclosed within a
distinct double-layered nuclear membrane.

Generally very small ($1 ext{ to } 10 \\mu  Comparatively larger ($5 ext{ to } 100\

Cell Size
ext{m}$). \mu ext{m}$).
Completely absent. No specialized Present (e.g., Mitochondria, Golgi
Membrane Organelles pleiely pecialz © (eg 9
membrane structures. apparatus, ER).

Contains only a single, circular ) ) .
Chromosomes Contains multiple linear chromosomes.
chromosome.
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Feature Property Prokaryotic Cells Eukaryotic Cells

Bacteria, Cyanobacteria (Blue-green . . )
Examples algae) y ( 9 Plants, Animals, Fungi, Protists.
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6. Cytoplasm & Intracellular Membrane-Bound Organelles

The Cytoplasm is the fluid, jelly-like substance filled inside the plasma membrane that hosts various specialized

cell organelles:

» Endoplasmic Reticulum (ER): An extensive internal network of membrane-bound tubes and sheets.
o Rough ER (RER): Surface is studded with ribosomes; actively manufactures proteins.
o Smooth ER (SER): Lacks ribosomes; synthesizes lipids/fats and helps detoxify drugs/poisons in
vertebrate liver cells.

* Ribosomes: Tiny, non-membrane-bound granules composed of RNA and proteins. They serve as the
definitive "Protein Factories of the Cell".

« Golgi Apparatus: Composed of a series of flat, membrane-bound sacs called cisternae. It functions as the
cell's packaging center, modifying, sorting, and packing proteins into vesicles for distribution. It is also
involved in making lysosomes.

 Lysosomes ("Suicidal Bags"): Spherical bags filled with potent hydrolytic digestive enzymes. They clean the
cell by digesting foreign material and worn-out organelles. If a cell is badly damaged, lysosomes can burst
and digest their own cell, which is why they are called "suicidal bags".

+ Mitochondria ("Powerhouse of the Cell"): Double-membraned organelles where the inner membrane is
deeply folded to maximize surface area. They generate energy in the form of ATP (Adenosine
Triphosphate) molecules via cellular respiration. Mitochondria contain their own DNA and ribosomes,
allowing them to make some of their own proteins.

* Plastids: Double-membraned organelles found exclusively in plant cells.

o Chloroplasts: Contain green chlorophyll pigments; the primary site for photosynthesis.
o Chromoplasts: Colored plastids that give bright hues to flowers and fruits to attract pollinators.
o Leucoplasts: Colorless structures used to store starches, oils, and protein granules.

* Vacuoles: Storage sacs for solid or liquid contents. Animal cells feature small, temporary vacuoles, whereas
mature plant cells contain a massive, permanent central vacuole that occupies up to 90% of the cell's
volume, maintaining turgidity and rigidity.

| 7. Comprehensive Structural Comparison: Plant Cell vs. Animal Cell

Feature Element Plant Cell Animal Cell

Cell Wall

Plastids

Vacuoles

Centrioles /
Centrosomes

Cell Shape
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Present (composed of rigid cellulose).

Present (Chloroplasts, Chromoplasts,
Leucoplasts).

Features a single, massive central
vacuole.

Absent in higher plants.

Fixed, regular, often rectangular.

Absent.

Absent.

Features multiple small, scattered
vacuoles.

Present (helps in spindle formation).

Flexible, irregular, often spherical.
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8. Core NCERT Laboratory Activities

Activity 1: Mounting Onion Peel Tissues

Peel a thin layer of epidermis from an onion, stain it with Safranin, and view it under a microscope.
Observation & Inference: Shows a regular grid of rectangular cells with distinct cell walls and peripheral
nuclei, proving plant tissues are made of repeating cellular units.

Activity 2: Human Cheek Epithelial Assessment

Gently scrape the inside of a cheek, mount the scrapings on a slide, and stain with Methylene Blue.
Observation & Inference: Reveals irregular, scattered cells lacking a cell wall but containing a prominent
central nucleus, highlighting key differences from plant cells.
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9. High-Yield Chapter Summary & Key Concepts Index

Chapter Summary: Cells are the foundational units of life, discovered by Robert Hooke and structured under
the Cell Theory. Outer transport is governed by diffusion and osmosis across a selectively permeable
membrane. While prokaryotes have simple structures without a nuclear envelope, eukaryotes utilize specialized
membrane organelles—such as energy-producing mitochondria, protein-building ribosomes, and digestive
lysosomes—to carry out complex functions.

Essential Exam Keywords for High Scoring:
Selectively Permeable Membrane Plasmolysis Hereditary Genes Nucleoid Matrix

Suicidal Bags ATP Generation Cellular Turgidity Cellulose Wall
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