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Introduction

ÅAll organisms are composed of cells

ÅCells are responsible for all structural 

and functional properties of a living 

organism

ÅImportant for understanding

ïWorkings of human body

ïMechanisms of disease

ïRationale of therapy
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Concepts of Cellular Structure

ÅExpected Learning Outcomes

ïDiscuss the development and modern tenets of 

the cell theory.

ïDescribe cell shapes from their descriptive terms.

ïState the size range of human cells and discuss 

factors that limit their size.

ïDiscuss the way that developments in microscopy 

have changed our view of cell structure.

ïOutline the major components of a cell.
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ÅCytologyðscientific study of cells

ïBegan when Robert Hooke coined the word cellulae to 

describe empty cell walls of cork in 17th century

ÅTheodor Schwann concluded, about two centuries 

later, that all animals are made of cells 

ÅLouis Pasteur demonstrated in 1859 that ñcells 

arise only from other cellsò
ïRefuted idea of spontaneous generationðliving things 

arising from nonliving matter

Development of the Cell Theory
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Development of the Cell Theory

ÅCell theory

ïAll organisms composed of cells and cell products

ïCell is the simplest structural and functional unit of life 

ïAn organismôs structure and functions are due to 

activities of cells

ïCells come only from preexisting cells

ïCells of all species exhibit biochemical similarities
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Cell Shapes and Sizes

Å About 200 types of cells in human body with varied shapes

Å Squamousðthin, flat, scaly

Å Cuboidalðsquarish-looking

Å Columnarðtaller than wide

Å Polygonalðirregularly angular shapes, multiple sides

Å Stellateðstar-like

Å Spheroid to ovoidðround to oval

Å Discoidðdisc-shaped

Å Fusiformðthick in middle, tapered toward the ends

Å Fibrousðthread-like

ÅNote: A cellôs shape can appear different if viewed in a 
different type of section (longitudinal vs. cross section)
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Cell Shapes and Sizes

Squamous

Polygonal

Cuboidal Columnar
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Discoid Fusiform (spindle-shaped)
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Figure 3.1
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Cell Shapes and Sizes

ÅHuman cell size

ïMost cells about 10ï15 micrometers (µm) in 
diameter
ÅEgg cells (very large) 100 µm diameter

ÅSome nerve cells over 1 meter long

ïLimit on cell size: an overly large cell cannot 
support itself, may rupture
ÅFor a given increase in diameter, volume increases 

more than surface area
ïVolume proportional to cube of diameter

ïSurface area proportional to square of diameter
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Cell Shapes and Sizes
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20 m
Growth

20 m

10 m

10 m

Large cell

Diameter        = 20 mm

Surface area = 20 mm ´ 20 mm ´ 6 = 2,400 mm2

Volume          = 20 mm ´ 20 mm ´ 20 mm = 8,000 mm3

Small cell

Diameter       = 10 mm

Surface area = 10 mm ´ 10 mm ´ 6 = 600 mm2

Volume          = 10 mm ´ 10 mm ´ 10 mm = 1,000 mm3

Effect of cell growth:

Diameter (D) increased by a factor of 2

Surface area increased by a factor of 4 (= D2)

Volume increased by a factor of 8 (= D3)

Figure 3.2
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Basic Components of a Cell
ÅLight microscope (LM) revealed plasma membrane, nucleus, 

and cytoplasm (fluid between nucleus and surface)

ÅTransmission electron microscope (TEM) improved
resolution (ability to reveal detail)

ÅScanning electron microscope (SEM) improved resolution 
further, but only for surface features

Figure 3.4a Figure 3.4b
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Basic Components of a Cell



Basic Components of a Cell

ÅPlasma (cell) membrane
ïSurrounds cell, defines boundaries

ïMade of proteins and lipids

ÅCytoplasm
ïOrganelles

ïCytoskeleton

ïInclusions (stored or 

foreign particles)

ïCytosol (intracellular
fluid, ICF)

ÅExtracellular fluid (ECF)

ïFluid outside of cells

ïIncludes tissue (interstitial) fluid
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Figure 3.5



The Cell Surface

ÅExpected Learning Outcomes
ïDescribe the structure of the plasma membrane.

ïExplain the functions of the lipid, protein, and 
carbohydrate components of the plasma membrane.

ïDescribe a second-messenger system and discuss its 
importance in human physiology.

ïDescribe the composition and functions of the 
glycocalyx that coats cell surfaces.

ïDescribe the structure and functions of microvilli, cilia, 
and flagella.
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The Plasma Membrane
ÅPlasma membraneðborder of the cell
ïAppears as pair of dark parallel lines when viewed with 

electron microscope 

ïHas intracellular and extracellular faces

ïFunctions
ÅDefines cell boundaries

ÅGoverns interactions with other cells

ÅControls passage of materials in and out of cell

Figure 3.6a
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The Plasma Membrane

Oily film of lipids with embedded proteins

Figure 3.6b


