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Introduction

A All organisms are composed of cells

A Cells are responsible for all structural
and functional properties of a living
organism

A Important for understanding
I Workings of human body
I Mechanisms of disease
| Rationale of therapy
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Concepts of Cellular Structure

A Expected Learning Outcomes

I Discuss the development and modern tenets of
the cell theory.

I Describe cell shapes from their descriptive terms.

| State the size range of human cells and discuss
factors that limit their size.

I Discuss the way that developments in microscopy
have changed our view of cell structure.

I Outline the major components of a cell.
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Development of the Cell Theory

A Cytologyd scientific study of cells

I Began when Robert Hooke coined the word cellulae to
describe empty cell walls of cork in 17t century

A Theodor Schwann concluded, about two centuries
later, that all animals are made of cells

AlouisPasteurde monstrated in 1:¢

ari se only from other ce
I Refuted idea of spontaneous generationd living things
arising from nonliving matter
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Development of the Cell Theory

A Cell theory

i All organisms composed of cells and cell products
I Cell is the simplest structural and functional unit of life

I An organismos structure and
activities of cells

I Cells come only from preexisting cells
I Cells of all species exhibit biochemical similarities
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Cell Shapes and Sizes

A About 200 types of cells in human body with varied shapes
A Squamous$ thin, flat, scaly

A Cuboidald squarish-looking

A Columnard taller than wide

A Polygonald irregularly angular shapes, multiple sides

A Stellated star-like

A Spheroid to ovoidd round to oval

A Discoidd disc-shaped

A Fusiformd thick in middle, tapered toward the ends

A Fibrousd thread-like

ANote: A celldéds shape can appea
different type of section (longitudinal vs. cross section)
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Cell Shapes and Sizes
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Cell Shapes and Sizes

A Human cell size

I Most cells about 107 15 micrometers (um) In
diameter
AEgg cells (very large) 100 um diameter
ASome nerve cells over 1 meter long

I Limit on cell size: an overly large cell cannot
support itself, may rupture

AFor a given increase in diameter, volume increases
more than surface area
I Volume proportional to cube of diameter
I Surface area proportional to square of diameter
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Cell Shapes and Sizes
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Large cell
Diameter =20 mnm

Surface area =20 mm "~ 20 mm * 6 = 2,400 mm?
Volume =20mm “ 20 mm ~ 20 mm = 8,000 mm?3

Small cell

Diameter =10 M

Surface area =10 mMm ~ 10 nm ~ 6 = 600 mm? H

Volume =10mM “ 10 mm “~ 10 nm = 1,000 mm3 Flgure 32

Effect of cell growth:
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Basic Components of a Cell

A Light microscope (LM) revealed plasma membrane, nucleus,
and cytoplasm (fluid between nucleus and surface)

A Transmission electron microscope (TEM) improved
resolution (ability to reveal detail)

A Scanning electron microscope (SEM) improved resolution
further, but only for surface features
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(b) Transmission electron 2.0 um
(@) nght microscope (LM) microscope (TEM)
From Cell Ultrastructure by William A. Jensen and Ro d kB Park. From Cell Ultrastructure by William A. Jensen and Ro d kB Park.
©1967 by Wadsworth Publishing Co., Inc. Repri tdbyp rmission of the publisher ©1967 by Wadsworth Publishing Co., Inc. Repri tdbyp rmission of the publisher 3-10
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Basic Components of a Cell

Copyright © McGraw-Hill Education. Permission required for reproduction or display.

TABLE 3.1

Object

Visible to the Naked Eye (Resolution 70-100 pm)

Human egg, diameter

Visible with the Light Microscope (Resolution 200 nm)

Most human cells, diameter
Cilia, length

Mitochondria, width X length
Bacteria (Escherichia coli), length
Microvilli, length

Lysosomes, diameter

Sizes of Biological Structures in Relation
to the Resolution of the Eye, Light
Microscope, and Transmission

Electron Microscope

Size

100 pm

10-15 pm

7-10 pm

0.2 X 4 pm

1-3 pm

1-2 pm

0.5 wm = 500 nm

Visible with the Transmission Electron Microscope (Resolution 0.5 nm)

Nuclear pores, diameter

Centriole, diameter X length
Poliovirus, diameter

Ribosomes, diameter

Globular proteins, diameter

Plasma membrane, thickness

DNA molecule, diameter

Plasma membrane channels, diameter

30-100 nm
20 X 50 nm
30 nm

15 nm
5-10 nm
7.5 nm

2.0 nm

0.8 nm
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Basic Components of a Cell

A Plasma (cell) membrane
I Surrounds cell, defines boundaries

i Made of proteins and lipids S
A Cytoplasm T
I Organelles i
i Cytoskeleton
i Inclusions (stored or
foreign particles) -

I Cytosol (intracellular
fluid, ICF)

A Extracellular fluid (ECF) -- Y —

Hemidesmosome

I Fluid outside of cells ot
I Includes tissue (interstitial) fluid Figure 3.5
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The Cell Surface

A Expected Learning Outcomes
I Describe the structure of the plasma membrane.

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

I Describe a second-messenger system and discuss its
Importance in human physiology.

I Describe the composition and functions of the
glycocalyx that coats cell surfaces.

I Describe the structure and functions of microvilli, cilia,
and flagella.
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The Plasma Membrane

A Plasma membraned border of the cell

| Appears as pair of dark parallel lines when viewed with
electron microscope
I Has intracellular and extracellular faces

I Functions
Aefines cell boundaries
AGoverns interactions with other cells
AControls passage of materials in and out of cell

Copyright © McGraw-Hill Education. Permission required for reproduction or display.

CATAS
Ntye, o A\

g4 X Plasma membrane

of upper cell

‘ % (20 e e Intercellular space
YRR o ]\
P Plasma membrane

»

of lower cell

Nuclear envelope

Nucleus

- PPN 4 R '-K)T’ Figure 36a

a: © Don Fawcett/Science Source



The Plasma Membrane

Figure 3.6b
Oily film of lipids with embedded proteins 3-15



