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Chapter 2

Chemistry Comes Alive

Lectures 2, 3, and 4

Marieb’s Human

Anatomy and Physiology

Marieb w Hoehn

Please remember to initial the attendance sheet

3

Chemical Basis of Life

Why study chemistry in an Anatomy and Physiology class?

- body functions depend on cellular functions

- cellular functions result from chemical changes

- biochemistry helps to explain physiological processes, 

and develop new drugs and methods for treating diseases

** Physiology is a result of energetically favorable chemical 

reactions, i.e., molecules seek their lowest (most favorable) 

energy state.

4

Structure of Matter

Matter – anything that takes up space and has mass; 

composed of elements.

Look around you.  Everything you can see and touch is 

composed of matter!

States of matter:   

- Solid

- Liquid

- Gas
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Atoms, Elements, Molecules, and Compounds

Elements – groups of chemically identical atoms

• bulk elements – required by the body in large amounts

• trace elements – required by the body in small 

amounts

Molecules – Two or more atoms bonded together, e.g., 

H2, O2

Compound – Two or more different elements combined 

in a fixed ratio, e.g., H2O, NaCl

Atoms – smallest particle of an element

(smallest STABLE unit of matter)
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Table From: Marieb & Hoehn, Human Anatomy & Physiology, 9th ed., Pearson
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Atomic Structure

Atoms - composed of      

subatomic particles:
• protons – carry a positive 

charge (mass = 1 unit)

• neutrons – carry no electrical 

charge (mass = 1 unit)

• electrons – carry a negative 

charge; responsible for chemical 

reactivity (mass = negligible)

Nucleus
• central part of atom

• composed of protons and 

neutrons

• electrons move around the 

nucleus

Figure  From: Marieb & Hoehn, Human Anatomy & Physiology, 9th ed., Pearson

**Interaction of electrons

between atoms is 

responsible for chemical 

reactions.



3

8

Atomic Number

Atomic Number
• number of protons in the nucleus of one atom

• each element has a unique atomic number

• equals the number of electrons in the atom in 

an electrically neutral, i.e., uncharged, atom

Written as a subscript to the left of the element's symbol.   

Example:  11Na

In a neutral atom, # protons = # electrons.

9

Mass Number

– An atom’s Mass Number, is the number of 

protons plus the number of neutrons in one 

atom 

• Stated in ‘atomic mass units’

• Atomic mass is the weighted average of all the 

commonly found isotopes (later) of an element. 

• We are interested in the Mass Number for A&P

Written as a superscript to the left of an 

element’s symbol. 

Example:  23 Na

NOTE: slide changed from what you have on your copy
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Determining Atomic Number & Mass Number

12
6

C

What is the atomic number?

What is the mass number

What is the number of protons?

What is the number of electrons?

What is the number of neutrons?

14
6

C What about this form of Carbon???

NOTE: slide changed from what you have on your copy
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Isotopes

Isotopes

• atoms with the same atomic numbers but 

with different mass numbers

• atoms with the same number of protons 

and electrons but a different number of 

neutrons

• oxygen (atomic number 8) has the 

following isotopes (16O, 17O, 18O)

• unstable isotopes (radioisotopes or 

radionuclides) are radioactive; they emit 

subatomic particles.  

• **Not all isotopes are radioactive
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Clinical Applications

Radioactive Isotopes Reveal Physiology

• can be detected in the body using a scintillation 

counter

• injected into the body

• different types taken up by different organs

• can be used to destroy specific tissues

• commonly used isotopes

• iodine-131 for thyroid function

• thallium-201 for heart function

• gallium-67 and cobalt-60 for cancer

• others used to assess kidney functions, measure hormone 

levels and bone density changes

• each isotope has a characteristic “half-life” (this can be a 

physical or a biological half life)
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Electrons

• found in regions of space called electron shells (energy levels or shells)

• each shell can hold a limited number of electrons

• for atoms with atomic numbers of 18 or less, the following rules apply:

• the first shell can hold up to 2 valence electrons

• the second shell can hold up to 8 valence electrons

• the third shell can hold up to 8 valence electrons

• lower (innermost) shells are filled first

• if the outermost shell is full, the atom is stable**

Electrons are 

responsible for 

chemical 

reactions!

Atoms are:

- Greedy

- Lazy

Figure From: Marieb & Hoehn, Human Anatomy & Physiology, 9th ed., Pearson
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15
From: Trefil, Hazen, The Sciences, 4th ed., Wiley Press, 2004

The 

“magic 
numbers”

Periodic Table of the Elements
Groups

16
Adapted From: Trefil, Hazen, The Sciences, 4th ed., Wiley Press, 2004

The A&P I Periodic Table of the Elements

Groups

The 

“magic 
numbers”



6

17

Types of Chemical Bonds

• There are three major types of chemical 

bonds we will be concerned with…

– Ionic (electrovalent) bonds

– Covalent bonds

– Hydrogen bonds
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Ions

Ion
• an atom that has gained or lost one or more electron(s)

• an electrically charged ‘atom’

• atoms form ions to become stable

Cation (CA+ION)
• a positively charged ion

• formed when an atom loses 

one or more electron(s) 

(oxidation)

Anion
• a negatively charged ion

• formed when an atom gains one 

or more electron(s) (reduction)

To remember oxidation/reduction, think:

“OIL RIG”

Figure from: Hole’s Human A&P, 12th edition, 2010
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Ionic Bond

• an attraction between a ca+ion and an anion

Ionic Bond

• formed when electrons are transferred from one 

atom to another atom
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Covalent Bond

Formed when atoms share electrons

•Hydrogen atoms form single bonds

•Oxygen atoms form two (double) bonds

•Nitrogen atoms form three (triple) bonds

•Carbon atoms form four bonds

H ― H         (H:H)

O = O           (O::O)

N ≡ N           (N:::N)

O = C = O   (O::C::O)

Figure from: Martini & Ober, Visual Anatomy & Physiology, Human A&P, 1st edition, 2010
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Structural formulas
- Show how atoms bond 

and are arranged in 

various molecules

Ball and Stick/ 

Space-filling 

representations
- Show the three 

dimensional structure 

of molecules

From: Alberts et al., Essential Cell Biology, Garland Publishing, 1998

Molecular Formulas

Chemical formula

(Not shown)
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Polar Molecules

Polar Molecule
• molecule with a slightly negative end and a slightly positive 

end

• results when electrons are not shared equally in covalent 

bonds (result of unequal electronegativity)

• water is an important polar molecule

( - )

( + )

(H2O)

Most electonegative 

element - Fluorine

From: Alberts et al., Essential Cell Biology, Garland Publishing, 1998
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Hydrogen Bonds

Hydrogen Bond
• a weak electrostatic attraction between the positive end 

(H) of one polar molecule and the negative end of 

another polar molecule (O, N)

• formed between water molecules

• important for protein and nucleic acid structure

This property of 

water makes it a 

great solvent for 

other polar

molecules.

Figure from: Martini & Ober, Visual Anatomy & Physiology, Human A&P, 1st edition, 2010
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Water Molecules and Solutions

Figure from: Martini, “Anatomy & Physiology”, 5th ed., Prentice Hall, 2001

Ions and other polar molecules will have a hydration sphere 

around them in an aqueous environment.

NaCl (Ionic bond)

(Covalent bond)

25

Chemical Reactions

Chemical reactions occur when chemical bonds form or 

break among atoms, ions, or molecules

Reactants are substances being changed by the chemical 

reaction

Products are substances formed at the end of the chemical 

reaction

2 Cu + O2  2 CuO

Reactants Product
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The Body’s Chemical Reactions

• Metabolism – All the chemical reactions 

that occur in an organism

• Catabolism – Cutting apart, or breakdown, 

of molecules with the release of energy

• Anabolism – Adding together, or building 

up, of molecules that requires energy

Know these definitions!

27

Types of Chemical Reactions

Synthesis Reaction (also called condensation or 

dehydration synthesis reactions when water is released) 

– chemical bonds are formed (requires energy)

A + B AB

Decomposition Reaction (also called hydrolysis when 

water is used for decomposition)

– chemical bonds are broken (liberates energy)

AB A + B

Exchange Reaction – chemical bonds are broken and formed

AB + CD AD + CB

Reversible Reaction – the products can change back to 

the reactants

A + B nAB

28

Equilibrium

Figure from: Alberts et al., Essential Cell Biology, Garland Publishing, 1998

Note that equilibrium does NOT necessarily mean that the 

concentrations of reactants and products are equal!

At equilibrium, the ratio of products to reactants stays constant
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Acids, Bases, and Salts

Electrolytes – soluble inorganic substances that release ions in 

water (aqueous) and will conduct an electrical current

Acids – substances that release hydrogen ions (protons) in water

HCl  H+ + Cl-

Bases – substances that release OH- (or other negative) ions 

in water that can combine with, and remove, H+ from solution

NaOH  Na+ + OH-

Salts – electrolytes formed by the reaction between an 

acid and a base (anions/cations EXCEPT H+ or OH-)

NaCl Na+ + Cl-

HCl + NaOH  H2O + NaCl

So, where’s the water?

30

Solutions

• Solutions contain 

– Dissolved substances: solutes

– The substance doing the 

dissolving: solvent, e.g. water

• Concentration of a solution is 

the amount of solute in a 

particular volume of solvent

– Example: Grams per liter (g/L)

– Example: Milligrams per liter 

(mg/L)

Figure from: Hole’s Human A&P, 12th edition, 2010

Moles and Molarity

• A ‘mole’ is the atomic/molecular weight of an 

element (or molecule) expressed in grams

– Example: 1 mole of 23Na = 23 grams (g)

– Example: 1 mole of 1H = 1 g 

– Example: 1 mole of H2O = 18 g 

• Molarity (M) is the number of moles of a solute 

dissolved in 1 Liter (L) of solvent, i.e., moles/L

– Example: 1 mole Na in 1 L H2O = 1M Na solution

– Example:  2 moles Na in 2 L H2O = ?M Na solution

– Example: 1 millmole Na in 1 L H2O = ?M Na solution
31
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pH (H+ concentration)

*pH of human blood plasma = 7.35 – 7.45 (AVG = 7.4)

- Acidosis  7.35

- Alkalosis  7.45

- pH  7.8 causes uncontrolled skeletal muscle contractions

pH scale - indicates the concentration of FREE hydrogen ions in

solution (think: “power of Hydrogen”)

*Notice:[H+], pH, [OH-] *Notice: [H+], pH, [OH-]

Figure from: Martini & Ober, Visual Anatomy & Physiology, Human A&P, 1st edition, 2010
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pH (H+ concentration)

Neutral – pH 7; indicates 

equal concentrations of H+

and OH-

Acidic – pH less than 7; 

indicates a greater 

concentration of H+

Basic or alkaline – pH 

greater than 7;

indicates a greater concentration 

of OH-

A change of 1 unit of pH is 

equivalent to a ten-fold

difference in [H+]
Figure from: Hole’s Human A&P, 12th edition, 2010
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Organic Versus Inorganic

Organic molecules

• contain C and H

• usually larger than inorganic molecules

• dissolve in water and organic liquids

• carbohydrates, proteins, lipids, and nucleic acids

Inorganic molecules

• generally do not contain C (except HCO3
-, CO2)

• usually smaller than organic molecules

• usually dissolve in water or react with water to 

release ions

• water, oxygen, carbon dioxide, and inorganic 

salts
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Inorganic Substances

Water (H2O)

• most abundant compound in living material

• half to two-thirds of the weight of an adult human

• major component of all body fluids

• is the medium for most metabolic reactions

Important properties of Water:

- Solubility; an excellent solvent

- Reactivity; a ubiquitous reaction medium

- High heat capacity;  resists temperature changes

- Lubrication; even a thin layer greatly reduces friction

36

Inorganic Substances

Carbon dioxide (CO2)

• waste product released during metabolic reactions

• must be removed from the body

Inorganic salts

• abundant in body fluids

• sources of necessary ions (Na+, Cl-, K+, Ca2+, etc.)

• play important roles in metabolic processes

Oxygen (O2) 

• used by organelles to release energy from nutrients

• necessary for survival

37

Inorganic Substances

Electrolytes

Electrolyte: Soluble inorganic molecules whose ions 

will conduct an electric current in solution

Important electrolytes and their dissociation in the aqueous 

environment of the body

NaCl (sodium chloride)                   Na+ +   Cl-

KCl (potassium chloride)                K+ +   Cl-

CaCl2 (calcium chloride)                 Ca2+ +   2 Cl-

NaHCO3 (sodium bicarbonate)      Na+ +   HCO3
-

MgCl2 (magnesium chloride)          Mg2+ +   2 Cl-

Na2HPO4 (disodium phosphate)     2 Na+ +   HPO4
2-

Na2SO4 (sodium sulfate)                 2 Na+ +   SO4
2-
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Organic Substances Carbohydrates 

(Saccharides)

1. provide energy to cells

2. supply materials to build cell structures

• water-soluble

• contain C, H, and O (CHO)

• ratio of H to O close to 2:1 (C6H12O6)

• monosaccharides (mono = one) – glucose, fructose, galactose

• disaccharides – (di = two) sucrose, lactose

• polysaccharides – (poly = many) glycogen, cellulose

• Functions of Carbohydrates

• Characteristics of Carbohydrates

39

Organic Substances- Monosaccharides

Glucose (C6H12O6)

Figures from: Hole’s Human A&P, 12th edition, 2010
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Organic Substances - Disaccharides

What general type of reaction is shown?

Figure from: Alberts et al., Essential Cell Biology, Garland Publishing, 1998
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Organic Substances - Polysaccharides

Figure from: Alberts et al., Essential Cell Biology, Garland Publishing, 1998

What general 

types of 

reactions break 

down 

polysaccharides?

Biologically important polysaccharides:

- Glycogen; animal storage form of glucose in liver and muscle

- Starch; plant storage form of glucose

- Cellulose; plant structural polymer of glucose

- Chitin; exoskeleton structural N-acetylglucosamine

43

Organic Substances

Carbohydrate Synthesis and Hydrolysis

Figure from: Martini, “Anatomy & Physiology”, 5th ed., Prentice Hall, 2001

Organic Substances - Lipids

• The classes of lipids we’re going to look at:

– Neutral (nonpolar, hydrophobic) = (1) Triglycerides

– Partially nonpolar, partially polar (amphipathic)

• (2) Phospholipids

• (3) Steroids (but mostly nonpolar)

44
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Organic Substances - Lipids
• soluble in organic (nonpolar) solvents

• Triglycerides

• NEUTRAL FATS (hydrophobic); nonpolar fats
• used primarily for energy; stored in adipose (body fat) 

• contain C, H, and O but less O than carbohydrates (C57H110O6)

• building blocks are 1 glycerol and 3 fatty acids per molecule

• saturated and unsaturated fatty acids

saturated

unsaturated

Figure from: Martini, “Anatomy & Physiology”, 5th ed., Prentice Hall, 2001
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Fatty Acids

Note that long hydrocarbon chains are 

hydrophobic, or ‘water fearing’.  They 

don’t mix well with water or polar solvents -

think of oil (nonpolar) mixed with water 

(polar).

Figure from: Alberts et al., Essential Cell Biology, Garland Publishing, 1998
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Organic Substances - Lipids

• Phospholipids (Part polar, part nonpolar – amphipathic)

• building blocks are 1 glycerol, 2 fatty acids, and 1 phosphate per 

molecule

• hydrophilic and hydrophobic

• major component of cell membranes

Figures from: Hole’s Human A&P, 12th edition, 2010
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Lipids

Consequences of hydrophobicity and hydrophilicity

Figure from: Martini, “Anatomy & Physiology”, 5th ed., Prentice Hall, 2001
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Organic Substances - Lipids

• Steroids
• cholesterol used as starting point

• component of cell membranes

• used to synthesize steroid hormones (testosterone, estrogen)  

• four connected rings of carbon

Cholesterol nucleus

50

Amino Acids and Proteins

• structural material

• energy source

• hormones

• receptors

• enzymes

• antibodies

• amino acids are held 

together with peptide bonds

• amino acids are the

building blocks of 

proteins

Figures from: Hole’s Human A&P, 12th edition, 2010

(BASIC)

Amino 

group

Carboxylic 

ACID group
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Organic Substances

Amino Acids and Proteins

Figure from: Alberts et al., Essential Cell Biology, Garland Publishing, 1998

There are 20 different amino acids found commonly in 

proteins.  Each is distinguished by its unique R group.

52

Organic Substances

Amino Acids and Proteins

Figure from: Alberts et al., Essential Cell Biology, Garland Publishing, 1998

What general type of reaction forms peptide bonds?

2 aa = dipeptide, 3 aa = tripeptide, more than 3 = polypeptide

54

Amino Acids and Proteins

Levels of Structure - Primary

Example: arginine-lysine-glycine-methionine-leucine-…

(Arg)----(Lys)---(Gly)-----(Met)------(Leu)

Unique linear 

sequence of amino 

acids in a 

polypeptide or 

protein.

Figure from: Hole’s 

Human A&P, 12th edition, 

2010
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Organic Substances 

Amino Acids and Proteins

Levels of Structure - Secondary
A regular, 

repeating 

arrangement 

of amino 

acids in a 

polypeptide 

or protein.

What would happen 

if the pH of the 

solution this protein 

was decreased?

Figures from: Hole’s Human A&P, 12th edition, 2010
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Organic Substances 

Amino Acids and Proteins
Levels of Structure – Tertiary*

Specific folding 

and bending of 

a polypeptide 

or protein.

**It is the 3-D

structure of a 

protein that 

allows it to 

perform its 

specific 

function.

Secondary 

structure

Secondary 

structure

Figures from: Hole’s Human 

A&P, 12th edition, 2010
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Organic Substances 

Amino Acids and Proteins

Levels of Structure - Quaternary

Interaction 

between two 

or more 

different

polypeptides 

or proteins

Figures from: Hole’s 

Human A&P, 12th

edition, 2010
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Enzymes and Metabolic Reactions

Enzymes – Biological catalysts

• control rates of metabolic reactions

• lower activation energy needed to start reactions

• two important factors in enzyme activity: temperature, pH

• not consumed in 

chemical reactions

• substrate specific

• shape of active 

site (3D) 

determines which 

substrate(s) the 

enzyme can act on
Figure  From: Marieb & Hoehn, Human Anatomy & Physiology, 9th ed., Pearson
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Enzymes Lower Activation Energy

Enzymes lower the 

barriers that block 

chemical reactions, i.e.,

they lower the 

activation energy 

needed to begin 

energetically favorable

reactions

Cofactors and Coenzymes

Cofactors

• make some enzymes 

active

• ions or coenzymes

Coenzymes

• complex organic molecules 

that act as cofactors (so 

coenzymes ARE cofactors)

• vitamins

• NAD+

Vitamins are essential organic substances that human 

cells cannot synthesize, i.e., they must come from the diet

- required in very small amounts

- examples - B vitamins: Thiamine (B1), niacin

The protein parts of enzymes that need a nonprotein part 

(coenzymes, cofactors) to work are called apoenzymes
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Globular vs. Fibrous Proteins

Globular protein – an 

enzyme attached to its 

inhibitor

Fibrous protein – the 

structural protein, 

collagen

62

Organic Substances- Nucleic Acids

• constitute genes

• play role in protein synthesis

• building blocks are nucleotides (a 

nucleotide contains a sugar, a phosphate, and a 

nitrogen-containing base)

• DNA (deoxyribonucleic acid) – double polynucleotide

• RNA (ribonucleic acid) – single polynucleotide 

These will be covered in more detail Lecture 6

Nitrogen-containing 

(nitrogenous) base –

like A, G, C, T, U

Phosphate

Sugar

Figure from: Hole’s Human 

A&P, 12th edition, 2010
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Sugars Used in Nucleotides

Figures from: Hole’s Human A&P, 12th edition, 2010
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Organic Substances

Nucleic Acids

Figures from: Hole’s Human A&P, 12th edition, 2010
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ATP – An Activated Carrier Molecule

• each ATP molecule has three parts:

• an adenine molecule

• a ribose molecule

• three phosphate molecules in a chain

High-energy bonds

Figure from: Hole’s Human 

A&P, 12th edition, 2010

• ATP is a readily interchangeable form 

of energy for cellular reactions 

(“common currency”)

Figure  From: Marieb & Hoehn, Human Anatomy & Physiology, 9th ed., Pearson

Be able to 

explain or 

diagram this

ATP carries its energy in the form 

of P (phosphate)

66

Review

TYPE OF BOND DEFINITION DESCRIPTION EXAMPLE

IONIC when atoms lose or gain 

electrons becoming 

ions, and then 

oppositely charged ions 

are attracted to one 

another

bond is broken by water salts, NaCl

COVALENT when 1 or more pair(s) of 

electrons is/are shared 

by atoms

(single, double, triple)

strong bond the bonds holding a 

molecule of H20 

together, CO2

HYDROGEN when a (slightly positive) 

hydrogen atom that is 

already covalently 

bonded to a molecule is 

attracted to a slightly 

negative atom.

(typically with O, N)

Very weak bond; in 

molecules whose 

purpose is to easily 

break and then come 

back together

reactions between water 

molecules (i.e. ice to 

water to gas);

DNA chains
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Review

SYNTHESIS REACTIONS DEGRADATION REACTIONS

GENERAL DESCRIPTION Synthesis involves the building of a 

large molecule (polymer) from 

smaller building blocks 

(monomer).

Degradation involves the breakdown of 

a polymer into individual 

monomers.

DESCRIPTIVE TERMS building

constructive

anabolic

breakdown

digestive

decomposition

catabolic

BOND FORMATION OR

BREAKING?

Bonds are formed. Bonds are broken.

IS ENERGY REQUIRED

OR RELEASED?

NAME THAT TERM.

Energy is required to form the bond.

(Endergonic)

Energy is released when the bond is 

broken.

(Exergonic)

HOW IS WATER 

INVOLVED?

NAME THAT TERM.

Water is released when he bond is 

formed.

Dehydration

Water is required to break the bond.

Hydrolysis

EXAMPLE Building a protein from individual 

amino acids;

Building a triglyceride from glycerol 

and 3 fatty acids, etc

Breaking a protein into individual 

amino acids;

Breaking starch down into 

monosaccharides, etc.
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Review

• Recall the definition of electrolytes, acids, 

bases, and salts

• The pH scale is a logarithmic (base 10) scale 

used to measure acidity

– pH is the concentration of FREE H+ ions in solution

– As concentration of H+ goes up, pH goes DOWN 

– pH of whole blood: 7.35 – 7.45
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Organic Molecule Carbohy-

drates (sugars)

Lipids (Fats) Proteins Nucleic

Acids

Composed of what 

atoms?

C, H, 0 C, H, O C, H, O, N,  S C, H, O, N, P

Building Blocks 

(monomers)

Monosaccharides or 

hexoses

Triglycerides: 

glycerol and 3 

fatty acids

amino acids nucleotides: pentose 

sugar, 

phosphate, 

nitrogen base

Specific types & 

functions of 

monomers

glucose, fructose, 

galactose.

energy 

TG:  energy

Phospholipid: cell 

membrane 

component

Steroid: cell 

membrane 

component and 

chemical 

messenger (i.e. 

cholesterol)

20 different amino 

acids; each 

differs from the 

others because 

of its unique R 

group

N/A

Specific types and 

functions of 

polymers

Disaccharides:

sucrose, lactose, 

maltose; energy

_____________

Polysaccharides

Starch (plant);

Glycogen (animal); 

energy storage.

N/A proteins (>100 amino 

acids);

Many functions:

ENZYMES,

antibodies, structure, 

transport, 

chemical 

messengers, 

storage

DNA: deoxy-

ribonucleic acid; 

genetic material; 

RNA:

ribonucleic acid; aids 

DNA in protein 

synthesis.

Other

Information

Saturated (only single 

bonds between 

C’s in fa chain) 

vs. Unsaturated 

(at least 1 

double bond in 

fa chain)

DNA controls cellular 

activity by 

instructing our 

cells what 

proteins to make 

(i.e. Enzymes 

through protein 

synthesis).
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Review

• Organic molecules contain Carbon and 

Hydrogen and include carbohydrates, lipids, 

proteins, and nucleic acids

• Inorganic molecules (except CO2 and 

HCO3
-) generally do not contain Carbon

• Carbohydrates

– Mono-, di-, and polysaccharies

– Important monosaccharides include glucose and 

fructose (energy)

– Important disaccharides include sucrose, 

lactose, and maltose (energy)

71

Review

• Carbohydrates (cont’d)

– Glycogen is biologically important 

polysaccharide (storage form of glucose)

• Lipids (fats, waxes, and oils)

– Most are hydrophobic (water-fearing)

– Source of energy

– Neutral fats (triglycerides)

• A molecule of glycerol

• Three molecules of fatty acids

– Phospholipids (and glycolipids) are amphipathic 

molecules

72

Review

• Lipids (cont’d)

– Other lipids include

• Eicosanoids (derived from arachidonic acid)

• Steroids (derived from cholesterol)

– Source of energy

• Proteins

– Polymers of amino acids

• Twenty (20) naturally occurring amino acids (aa)

• Each aa is different because of its R group

• AA are joined by peptide bonds 

– There are four levels of protein structure
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Review

• Proteins (cont’d)

– Enzymes are proteins that act as catalysts

• Names of enzymes end in suffix ‘ase’

• Enzymes lower activation energy

• Are HIGHLY specific for a particular substrate

• Activity can be regulated

• Activity greatly affected by temperature and pH 

• Nucleic acids contain the genetic information

– Polymers of nucleotides

– Nucleotides

– DNA (deoxyribonucleic acid)

– RNA (ribonucleic acid)

74

Review

• Nucleic acids (cont’d)

– Polymers of nucleotides

– Nucleotides are composed of

• A sugar

• A nitrogenous base

• A phosphate group

– DNA (deoxyribonucleic acid)

– RNA (ribonucleic acid)

75

Review

• each ATP molecule has three parts:

• an adenine molecule

• a ribose molecule

• three phosphate molecules in a chain

These two components 

together are called a ?

High-energy bonds

Figure from: Hole’s Human 

A&P, 12th edition, 2010

• ATP carries its energy in the form or P 

(phosphate)

• ATP is a readily interchangeable form 

of energy for cellular reactions 

(“common currency”)

Figure  From: Marieb & Hoehn, Human Anatomy & Physiology, 9th ed., Pearson

Be able to 

explain or 

diagram this


