
Paper: Cell Biology
(COURSE: MAJOR & MINOR )

Topic

Introduction to Cell Biology

Prokaryotic Cell and Eukaryotic Cell
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Cell Biology, also known as Cytology (Greek: kytos = cell; logos = study)
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Historical Development of Cell Biology

The history of Cell Biology is closely associated with the invention and 

improvement of the microscope. 

Before microscopes were invented, scientists could only observe organisms with 

the naked eye. 

Consequently, their understanding of living organisms was limited to external 

morphology. 

The development of optical instruments opened an entirely new microscopic 

world, leading to one of the greatest revolutions in biology.

The historical development of Cell Biology can be divided into three phases:

1. Pre-microscope period 

2. Development of microscopy (16th–18th century) 

3. Cell Theory and modern cell biology (19th century onwards) 
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The demerits of cell theory are

• Viruses: Schleiden and Schwann could not explain the fundamentals of 
viral cells. They said that the body’s function is a coordinated function of 
a cell, which is false in the case of viruses because the viral machinery 
only gets activated inside the body of its host (bacteria, plants, and 
animals). A virus needs host machinery to complete its life cycle.

• Prokaryotic cells- Prokaryotes do not have a well-defined nucleus. 
Hence, cell theory fails in this case as well.

• Multinucleate condition- According to the cell theory, each cell has “a 
nucleus”, but specific cells like tapetal cells are multinucleated or 
coenocytic.

• Cells without nucleus- According to the cell theory, a nucleus is present in 
every cell, but human RBCs and sieve tubes of angiosperm are some cells 
that do not have a nucleus.
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Modern cell theory

Modern cell theory is developed through the 
united efforts of several scientists. 

The two main objectives in modern cell theory 
are: 

• all cells only come from some other cells (the 
principle of biogenesis).

•  Organisms are made up of cells and their 
products, which are the basic fundamental 
units.
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Postulates of modern cell theory

1. All living organisms are made up of one or more cells and the products 
of cells.

2. The basic fundamental, structural and functional unit of all living 
organisms is the cell.

3. The statement “Omnis cellula-e-cellula” was given by German scientist 
Rudolf Virchow in 1858, which means all the existing cells arise or 
develop from pre-existing cells.

4. The activity of an organism is related to the activity of the 
independent cell.

5. The energy flow occurs within cells(Various metabolic reactions and 
biochemistry inside cells).

6. The cellular constituents are similar amongst the various individuals of 
similar species.

7. The genetic information is held by the DNA molecules, chromosomes. 
The genetic information is passed from one cell to the other.
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Derived from word “cella”
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INTRODUCTION
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Feature Prokaryotic Cell Eukaryotic Cell
1. Basic organization Simple and less compartmentalized Complex and highly compartmentalized

2. Multicellularity Mostly unicellular Many are multicellular

3. Cell size Generally small, about 0.1–10µm Generally larger, about 10–100 µm

4. Nucleus True nucleus absent True nucleus present

Nuclear membrane Absent
Nuclear membrane Present
 (double membrane) ; surrounds the nucleus

DNA occurs in a nucleoid region DNA is enclosed within the nucleus

5. Genetic material Usually a single main circular DNA molecule Usually several linear DNA molecules

Usually one main chromosome Usually multiple chromosomes

6. Histone proteins
Generally absent in bacteria
 histone-like proteins occur

Histone proteins are associated with DNA

7. Plasmids Commonly present
Usually absent, although some eukaryotes may 
contain plasmid-like DNA

8. Cell wall
Usually present in bacteria, commonly contains 
peptidoglycan

Present in plants and fungi but absent in animals; 
cellulose in plants and chitin in fungi

9. Plasma membrane Present Present

10. Cytoplasm No membrane-bound compartments Divided into specialized compartments by organelles

11. Membrane-bound 
organelles

Absent Present

12. Mitochondria Absent Present in most eukaryotic cells

13. Chloroplasts Absent Present in plants and algae

14. Endoplasmic reticulum Absent Present

15. Golgi apparatus Absent Present

16. Lysosomes Absent as typical membrane-bound organelles Present in many animal cells

17. Vacuoles Usually absent or very simple Usually present; particularly prominent in plant cells

18. Ribosomes & Ribosomal 
subunits

70S (50S + 30S) 80S in cytoplasm (60S + 40S)
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Features Prokaryotic Cell Eukaryotic Cell
19. Cytoskeleton Simple/less developed Well-developed cytoskeleton

20. Flagella Simple structure, commonly made of flagellin
More complex; composed mainly of microtubules 

in a 9+2 arrangement

21. Cilia Generally absent Present in many eukaryotic cells

22. Cell division

Mainly by binary fission

Genetic exchange can occur through conjugation, 

transformation, or transduction

By mitosis; meiosis occurs during sexual 

reproduction

23. DNA replication
Generally starts from a single origin of replication 

in bacterial chromosomes

Multiple origins of replication occur on each 

chromosome

24. Transcription Occurs in cytoplasm/nucleoid region Occurs mainly inside the nucleus

25. Translation Occurs in cytoplasm
Occurs on cytoplasmic ribosomes or ribosomes 

attached to rough ER

26. Transcription and translation Can occur simultaneously Separated spatially and temporally

27. mRNA processing
Usually very limited; generally no 5′ cap or long 

poly-A tail like eukaryotic mRNA

Extensive processing including 5′ capping, 

polyadenylation and splicing

28. Introns Rare in bacterial protein-coding genes Common in many eukaryotic genes

29. Gene organization Genes may occur in operons Genes are generally regulated individually

30. RNA polymerase Generally one main RNA polymerase
Several types, including RNA polymerases I, II 

and III

31. Energy production Mainly associated with the plasma membrane Mainly occurs in mitochondria

32. Photosynthesis
In photosynthetic bacteria, occurs on specialized 

internal/plasma membrane systems
In plants and algae, occurs mainly in chloroplasts

33. Examples Bacteria and Archaea Animals, plants, fungi and protists
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