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Introduction: Biology Today

The Nature of Science 

A fundamental principle of science that sets it apart from other systems of 

proof (such as art, religion, philosophy, etc.) is that it limits itself, and its 

explanations, to the natural world of the physical universe.

1. What is Science? 

2. What is Biology? 

3. What is Life?

4. Scientific Methodology

Observations are the raw materials of science.

Hypothesis & Theories.

How is science done today?

Science and the public.

Anecdotal evidence.
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The Theory of Evolution

1. Charles Darwin

• Darwin was the first to propose a valid mechanism for evolution.

• Charles Lyell, geologist, greatly influenced Darwin: “The Earth is Ancient”.

• HMS Beagle, 1832, five year trip, around the world, collecting, observing.

• Darwin was greatly impressed by the constantly changing variety of 

organisms. 

• Thomas Malthus, essay described how food supply holds populations in 

check.

2. Published On the Origin of Species in 1859. 

• Darwin’s writings developed the idea of natural selection to account for 

different rates of survival and reproduction in the evolution of species. 

• Alfred Russell Wallace proposed a similar theory to account for evolution. 

• (Darwin-Wallace theory)

3. Natural vs. Artificial Selection

Inherited traits

Selection pressure

Survival of the "fittest"







The Voyage of the Beagle

North

America

Great 

Britain Europe

Africa

Equator

Australia

Tasmania

New

Zealand

Cape of

Good Hope

South

America

Cape Horn

Tierra del Fuego

Galápagos

Islands

Pacific

Ocean

Atlantic

Ocean





Figure 1.13



Figure 1.13



Lyell

Malthus



Lyell

Malthus

























Bonobo







Copyright © 2007 Pearson Education Inc., publishing as Pearson Benjamin Cummings

Lectures by Chris C. Romero

PowerPoint® Lectures for

Essential Biology, Third Edition

– Neil Campbell, Jane Reece, and Eric Simon

Essential Biology with Physiology, Second Edition

– Neil Campbell, Jane Reece, and Eric Simon

CHAPTER 2

Essential Chemistry for 

Biology



Chapter 2

Atoms and Molecules

The “Big Bang”

1. 10 to 20 billion years ago

2. Transition of the universe from energy to matter

3. Formation of subatomic particles and atoms

Atoms: The fundamental building blocks of everything. 

1. The periodic table – elements can’t be broken down

92 naturally occurring elements

All those other elements

2. The nucleus

Protons - positive charge, atomic number

Neutrons - neutral

Isotopes 

- extra neutrons

- chemically the same
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Figure 2.5  Two simplified models of a helium (He) atom

2 Protons   (positive charge)

2 Neutrons (neutral charge)

2 Electrons (negative charge)

Nucleus}



Hydrogen

Helium

Hydrogen (H) = 1

Helium (He) = 2

There’s your 

problem 

right there



Figure 2.2
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Table 2.1



Carbon 14

Cobalt 60



Chapter 2

Atoms and Molecules

Electrons: Charged particles moving at the speed of light. Lots of empty 

space.

1. Potential energy

2. The arrangement of electrons

Determines how atoms will react chemically

The different energy levels electrons occupy

Molecules: two or more atoms bonded together
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Figure 2.7

Hydrogen (H) = 1

Helium (He) = 2



Chapter 2

Atoms and Molecules

1. Types of Chemical Bonds – compounds trade or share electrons

Ionic bonds  

Exchange of electrons 

Tend to come apart in water

Can be quite strong though: salt crystals

Covalent bonds  

Sharing of electrons

Single and double bonds

Polar and nonpolar compounds

2. Chemical Reactions:  

Formation of chemical compounds

All organic molecules composed of atoms of C, H, N, O, P, S
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Figure 2.4
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Chapter 2

HOH

The structure of water

1. Hydrogen bond  

formed in other large molecules

provides structural stability

weak and short lived bond

2. Surface tension and cohesion

forms “skin” on surface, 

holding together of like molecules

3. Capillary action cohesion and adhesion.

holding together of non-alike molecules





Unnumbered Figure, p. 26



Unnumbered Figure, p. 27



Figure 2.10



Figure 2.13
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Chapter 2

HOH

The amazing hydrogen bond

1. Specific heat – Water is hard to heat up

amount of heat required to change temperature

high specific heat due to hydrogen bonds

mediates temperature changes in organisms

2. Heat of vaporization – Water is hard to boil

amount of heat required to vaporize (boil)

boiling breaks hydrogen bonds of HOH

3. Freezing, density, and the formation of ice.

density normally increases as temperature drops

at 4ºC HOH expands due to hydrogen bonds 

(ice floats) 



Figure 2.15





Chapter 2

HOH

Water as the universal solvent

1. Solutions – uniform mixture of 2 or more substances  (salt water)

2. Solvents – substance of greatest amount (usually liquid)

3. Solutes – substances of lesser amount

4. Polarity of solvents

Hydrophobic substances – water “fearing”

Hydrophilic substances – water “loving”



Figure 2.16



Chapter 2

HOH

All the water on the planet.

1. Water is the most common liquid on earth

2. 3/4 of the planet is covered with water, only 2% of it is ice

3. 50 - 95% of the weight of living organisms is water

4. The cycling of water through the atmosphere is powered by 

solar energy





Figure 2.17
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Chapter 3

Organic Molecules

Carbon

1. Central to all organic molecules

2. Carbon chains as building blocks

3. Hydrocarbons – contain only C, H
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Chapter 3

Organic Molecules

1. Monosaccharides – single sugars

Energy source for living systems – stored in covalent bonds of sugars

Building blocks of larger molecules

Form rings in HOH

Release energy when broken down (oxidized)

Structural forms - Monomers & Polymers

Glucose is the main energy source in some cells

2. Disaccharides – double sugars

Transport form of sugar in living systems

Sucrose - transport sugar in plants (glucose & fructose)

Trehalose - transport sugar in insects (glucose & glucose)

Glucose - transport sugar in mammals

Hydrolysis - breakdown into monosaccharides

3. Polysaccharides – long chains of monosaccharides

Storage forms of sugar in living systems

Starch - storage polysaccharide in plants

Glycogen - storage polysaccharide in animals, fungi, etc.

Structural forms in plants and animals

Cellulose - structural polysaccharide in plants

Chitin - structural polysaccharide in insects

Polysaccharides hydrolysed to disaccharides before used as energy sources

Plants have high carbohydrate storage capacity – potato starch

Animals have limited carbohydrate storage capacity



Figure 3.9
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Chapter 3

Organic Molecules

Lipids, etc.

1. Fats & Oils

Energy storage - contain more chemical energy than 

carbohydrates

Excess glycogen in animals is stored as fat

Fat molecule = 1 glycerol & 3 fatty acid molecules

Saturated & unsaturated fatty acids

2. Phospholipids. 

Important structural components of cell membranes

Polar and nonpolar ends of a long chain molecule



“Saturated fat”
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Chapter 3

Organic Molecules

Proteins

1. Diverse functions – Muscles, Enzymes, etc.

2. Composed of polymers of amino acids, the building blocks of 

proteins 

Peptide bonds  

Polypeptides

3. Structural levels

Primary structure – linear sequence of amino acids

Secondary structure

Formation of helixes – held together by hydrogen bonds 

Pleated sheets 

Fibrous proteins 

Tertiary structure  .

Disulphide bridges - cysteine

Quaternary structure

Composed of more than one polypeptide chain

Enzymes and antibodies
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Figure 1-74. Examples of quaternary arrangements observed for oligomeric proteins

1-21. Quaternary Structure: Geometry



Figure 1-74. Examples of quaternary arrangements observed for oligomeric proteins

1-21. Quaternary Structure: Geometry
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Figure 41.10 Essential amino acids from a vegetarian diet

Corn (maize)

and other grains

Beans

and other 

legumes

Essential amino acids for adults  

Methionine

Valine

Threonine

Phenylalanine

Leucine

Isoleucine

Lysine

Tryptophan
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Organic Molecules

Nucleic Acids – long chains of nucleotides 

1. Information carrying structures

2. Nucleotides

Building blocks of nucleic acids

Energy carrying molecules

ATP – adenosine triphosphate

ADP – adenosine diphosphate

3. Nucleic acids

DNA – genetic carrier - genes

RNA – transcript for protein synthesis
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Figure 3.30






