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Biological Molecules

Introduction

� Organs and tissues of the body are all composed of the 
same basic materials
� All matter is built from chemical elements 

� Examples?

Elements and Atoms

�Atoms are individual components of an element
� Smallest unit of a substance that retains all the properties of that 

substance

�Atoms consist of smaller subunits
� Subatomic particles

� Protons

� Neutrons

� Electrons

Elements and Atoms
� Identifying elements

�Atoms of different elements contain different numbers 
of subatomic particles
� Let’s compare hydrogen, helium and lithium

Figure 2.2
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Helium (He)
(2p+; 2n0; 2e–)

Lithium (Li)
(3p+; 4n0; 3e–)

Hydrogen (H)
(1p+; 0n0; 1e–)
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Bonding
� Atoms associate with one another by forming bonds

� Covalent, ionic, hydrogen

�Covalent bonds: electrons are shared between atoms

Copyright © 2010 Pearson Education, Inc. Figure 2.7a
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(a) Formation of four single covalent bonds:

carbon shares four electron pairs with four

hydrogen atoms.

or

Resulting moleculesReacting atoms

Covalent bonds form between carbon and hydrogen

Bonding
� Atoms associate with one another by forming bonds

� Covalent, ionic, hydrogen

� Ionic bonds: electrons are traded between atoms
� Creates electric charges – opposites attract

Figure 2.6a-b

Sodium atom (Na)
(11p+; 12n0; 11e–)

Chlorine atom (Cl)
(17p+; 18n0; 17e–)

Sodium ion (Na+) Chloride ion (Cl–)

Sodium chloride (NaCl)

+ –

(a) Sodium gains stability by losing one electron, and

chlorine becomes stable by gaining one electron.  

(b) After electron transfer, the oppositely

charged ions formed attract each other.

Some atoms achieve stability by ionizing = 
complete transfer of electrons

Copyright © 2010 Pearson Education, Inc. Figure 2.6c

CI–

Na+

(c) Large numbers of Na+ and Cl– ions

associate to form salt (NaCl) crystals.

Bonding
� 2 or more atoms linked by a covalent bond → molecule

� Examples: CO2, H2O, all biological molecules, O2

� 2 or more atoms of different elements participating in a bond 
relationship, whether covalent or ionic → compound
� Examples: CO2, H2O, NaCl, all biological molecules, not O2

What is the goal of forming atomic bonds?
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Bonding
� Atoms associate with one another by forming bonds

� Covalent, ionic, hydrogen

�Hydrogen bonds: technically not a bond – an electrostatic 
attraction based on uneven charge distribution

�Allow different molecules (or different regions of the same 
large molecule) to stick together

Hydrogen Bonding

Water

Protein

DNA

Bonding

� Mixtures
� Substances of two or more types of molecules

� Solutions
� Solvent

� Solute 

Thought Questions

1. Is H2 considered a compound? Is it a molecule?

2. How is a mixture different than a compound?

Chemical Reactions

� Compounds are formed, broken down, or rearranged 
� Involves alterations in the bonding patterns between 

reacting molecules 

H + H   →  H2 (hydrogen gas)
Reactants                              Products 

4H + C → CH4 (methane)
Atoms                     Molecules    

Chemical Reactions

� Metabolism
�All of the chemical reactions that occur within the body

�Types of reactions include

� Synthesis (anabolism) 
� Requires energy = endergonic

�Decomposition (catabolism) 
� Releases energy = exergonic
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Chemical Reactions

� Anabolic reactions
�Also called?

�Require input of energy

�Always involve formation of a bond → formation of 
larger molecules

A + B � AB
Frequently observed in rapidly growing tissues

Chemical Reactions

� Catabolic reactions
�Also called?

�Release energy

�Molecules broken down into constituent atoms

� Involve breaking of chemical bonds

AB �A + B
Often the energy released is used to fuel subsequent reactions

Chemical Reactions

� Energy
�Ability to do work

�Types

�Kinetic = movement

� Potential = stored energy

Chemical Reactions

� Energy
� ↑ temperature = ↑ kinetic energy
� Larger molecules have more potential energy stored in 

their chemical bonds

Polarity and Solubility
� Electronegativity

�Atom’s ability to attract electrons

�May cause asymmetrical distribution of bonding 
electrons

Polarity and Solubility 
� Sharing of electrons may be equal or unequal

� Equal sharing = electrically balanced, nonpolar molecules
� CO2
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Polarity and Solubility

� Sharing of electrons may be equal or unequal
� Unequal sharing by atoms with different electron-attracting 

abilities = polar molecules
� H2O

(δδδδ+) 

Polarity and Solubility
� Water

� 60%–80% of the volume of living cells

� About 60% of human body weight

� Most important inorganic compound in living organisms

(a) The slightly positive ends (δδδδ+) of the water

molecules become aligned with the slightly

negative ends (δδδδ–) of other water molecules.          

δδδδ+

δδδδ–

δδδδ–

δδδδ–
δδδδ–

δδδδ–

δδδδ+

δδδδ+

δδδδ+

δδδδ+

δδδδ+

Hydrogen bond
(indicated by

dotted line)

Figure 2.10a

Polarity and Solubility: Water
� Properties of water that emerge as a result of _?_ bonds

1. High specific heat

2. High boiling point

3. Polar solvent properties

4. Reactivity

5. Cushioning

Polarity and Solubility: Other Molecules

� Polar molecules are hydrophilic 

�Water loving

� Soluble in water

� Non-polar molecules are hydrophobic

�Water fearing

�Not soluble in water

� “ Like dissolves like”

Biological Molecules

� Molecules that make up living things 

� Divided into 4 categories
1. Carbohydrates

2. Lipids
3. Proteins

4. Nucleic acids
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Biological Molecules

� Six principle elements
1. Oxygen

2. Carbon      

3. Hydrogen  

4. Nitrogen    

5. Calcium

6. Phosphorous

Carbohydrates

� Includes sugars and starches
�Types
�Monosaccharides

�Disaccharides

� Polysaccharides

General formula

(CH2O)n

Glucose = a simple sugar

C6H12O6

Chemical Formula

Structural Formula

Shows bonding  patterns
and position of atoms

Carbohydrates

�Monosaccharides
�The simplest carbohydrates 

�Building blocks for larger molecules

�Consist of 3-7 C atoms

glucose

Carbohydrates

�Many monosaccharides may have the same 
chemical formula but a different arrangement 
of atoms = structural isomers Example: Hexose sugars Example: Pentose sugars

Glucose Fructose Galactose Deoxyribose Ribose

(a) Monosaccharides

Monomers of carbohydrates
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Carbohydrates

�Disaccharides
�2 monosaccharides bonded together by 
dehydration synthesis

�Broken down by hydrolysis

�Ex: Sucrose and maltose 

Examples: Sucrose, maltose, and lactose 

(these disaccharides are all structural isomers)

Glucose Fructose Glucose Glucose Glucose

Sucrose Maltose Lactose

Galactose

(b) Disaccharides

Consist of two linked monosaccharides

Figure 2.14

+

Glucose Fructose

Water is
released

Monomers linked by covalent bond

Monomers linked by covalent bond

Water is
consumed

Sucrose

(a) Dehydration synthesis

Monomers are joined by removal of OH from one monomer

and removal of H from the other at the site of bond formation.

+

(b) Hydrolysis

Monomers are released by the addition of a water molecule, 

adding OH to one monomer and H to the other.

(c) Example reactions

Dehydration synthesis of sucrose and its breakdown by hydrolysis

Monomer 1 Monomer 2

Monomer 1 Monomer 2

+

Carbohydrates

�Polysaccharides
�Long chain of monosaccharides

�Large, fairly insoluble molecules

�Much energy stored in bonds

Examples?

Carbohydrates

�Polysaccharides
�Glycogen
� Primary storage form for glucose in 

animals

� Stored in the liver (and some in 
muscles)

� Broken down into glucose when 
needed
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Carbohydrates

�Functions
�Major source of cellular fuel (e.g. glucose)

�Structural molecules (e.g. cellulose, ribose 
sugar in RNA)

�Cell recognition

Lipids

� General characteristics
�Non-polar molecules (insoluble in water)

� Fatty acids and neutral fats are most common types

�Contain less oxygen than carbohydrates

� Types
�Triglycerides

� Steroids

� Phospholipids

� Eicosanoids
� Prostaglandins

Lipids

� Triglycerides
�Also called neutral fats 

� Solid fats and liquid oils

�Three fatty acids bonded to a glycerol molecule

� Found mainly beneath the skin

� Provides insulation

Figure 2.16a

Glycerol

+

3 fatty acid chains Triglyceride,
or neutral fat

3 water
molecules

(a) Triglyceride formation

Three fatty acid chains are bound to glycerol by

dehydration synthesis

Lipids
� Triglycerides

� Saturated fatty acids
� Single bonds between C atoms → maximum number 

of H atoms present
� Solid animal fats

� Ex. butter
�Unsaturated fatty acids
�One or more double bonds between C atoms
�Reduced number of H atoms 
� Plant oils

� Ex. olive oil, peanut oil, corn oil

Saturation of Fatty Acids



9/26/2016

9

Triglycerides & Cardiovascular 

Health

� It was long believed that a diet with higher proportions of 
unsaturated  fats reduced the risk of heart disease – this is 
being called into question

� Trans fats = hydrogenated

� Omega-3 fatty acids

What is a trans-fat?
� Unsaturated fat with trans-isomer fatty acids

� Few naturally occurring

�Most are created for commercial purposes
� Less prone to rancidity

� Extended shelf life

� Buttery quality to processed food

How are trans-fats made?
� Hydrogenation (just FYI)

� Complete → saturated fatty acids
� Undesirable texture

� Partial
� Molecular H2 on a catalyst is added to the double bonds of an existing 

unsaturated fatty acid chain

� Done under high heat and pressure, takes several hours

� No control over which double bonds are eliminated and which revert 
back, they assume a trans configuration because it is more stable

o Now the molecule is straighter → semi-solid

Why are trans-fats bad?
1. Body can’t break the high energy double bonds in the trans 

conformation

2. Increases LDL and decreases HDL

� Unlike naturally occurring saturated fats which only 
temporarily increase LDL

3. Increases inflammation in vessels

4. Contributes to plaque formation in blood vessels

What about omega-3 fatty acids?
� Unsaturated fatty acids with a double bond starting at the 

third carbon

� Not synthesized by the body
� Fish oil, flaxseed oil, and algae

� Examples
� ALA

� EPA

� DHA

Other Lipids

� Steroids
� Structurally very different from other lipids

�Hormone examples: Estrogen, testosterone, & cortisol

�Cholesterol 
� Functions:

� Stabilize cell membranes 

� Precursor for steroid hormones

� Important for synthesis of vitamin D 

and bile salts
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Example: Cholesterol 

(cholesterol is the basis for all steroids formed in the body)

(c)  Simplified structure of a steroid

Four interlocking hydrocarbon rings form a steroid. Other Lipids

� Phospholipids
� Primary building material for cellular membranes

�Have a polar “head” and a nonpolar “tail”
� How would this arrangement be important for cell 

membranes?

Other Lipids

�Eicosanoids
� Important to several body processes

�Prostaglandins
� Uterine contractions (not in labor)

� Control of intestinal motility

� Control of stomach secretions

� Involved in pain communication
o Inflammatory actions blocked by non-steroidal anti-

inflammatory drugs (NSAIDS)

Lipids

� Four primary functions of lipids
1. Insulation

2. Protection 

3. Energy storage

4. Cell membranes

Proteins

� Typically large complex molecules
� Formed from amino acids 

� Have the most varied functions of any molecule in the body

Basic structure
of an amino acid
(Variable group 
differentiates 20 

amino acids)
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20 Different Amino Acids

All contain 
•Carbon
•Hydrogen
•Oxygen 
•Nitrogen

Variations in
R groups

give each their 
own unique
chemical 
properties

Proteins
� R-groups

�May be polar, non polar, acidic, basic, neutral, charged, or 
uncharged

Proteins

� Peptide bonds
� Formed by dehydration synthesis

� Link amino acids to form peptides (proteins)

Figure 2.18

Amino acid Amino acid Dipeptide

Dehydration synthesis:
The acid group of one 
amino acid is bonded to 
the amine group of the 
next, with loss of a water 
molecule.

Hydrolysis: Peptide 

bonds linking amino 

acids together are 
broken when water is 
added to the bond.

+

Peptide
bond

Proteins

Functions
• With your neighbor, please come up with a list of 

protein functions (in the body)

Proteins

Functions
1. Structural

2. Muscle contraction

3. Enzymes

4. Transport

5. Immunity

6. Hormones 
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Proteins

� Structure
� Structure important for function

�Order of amino acids

� Length of molecule

�Three dimensional folding

Proteins

� Levels of structural organization 
� Primary

� Secondary

�Tertiary

�Quaternary 

� The resulting shape of the protein greatly influences its ability to 
recognize and bind to other molecules

� Small change in shape = large difference in function

(a) Primary structure:

The sequence of amino acids forms the polypeptide chain.

Amino acid Amino acid Amino acid Amino acid Amino acid

“Beads on a string”

Hemoglobin = 574 amino acids 

Insulin = 51 amino acids

An average protein has several hundred!

Proteins

� Primary structure
� Specific sequence of amino acids affects all other levels of 

structural organization

� Order is extremely important
� Sickle cell anemia

Figure 2.19b

αααα-Helix: The primary chain is coiled
to form a spiral “corkscrew”
structure

ββββ-Sheet: The primary chain “zig-zags” back

and forth forming a “pleated” sheet. 

Secondary structure:

The primary chain forms spirals (α-helices) and sheets (β-sheets). 

Hydrogen bonding occurs between amino acids.

Tertiary structure
↓

Overall 3-D shape

Tertiary structure:

Superimposed on secondary structure. α-Helices and/or β-sheets are
folded up to form a compact molecule held together by
intermolecular forces.
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Proteins

� Tertiary structure
�Globular (soluble)

� Fibrous (insoluble)

Hemoglobin: a globular protein

Collagen: a fibrous protein

Figure 2.19d

Quaternary structure 
↓

Two subunits
join head to tail to form

the dimer

Quaternary structure:

Two or more polypeptide chains, each with its own tertiary structure,

combine to form a functional protein.

Hemoglobin

Functional hemoglobin protein 
consists of four subunits

Proteins
� Denaturation

� Remember: function depends upon structure

� Changes in shape that affect activity = denaturation
� Heat or acidity can disrupt hydrogen bonds

� Heavy metal ions

� Does not affect primary structure

In the body, is denaturation usually permanent or temporary?
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Enzymes
� One of the most important groups of proteins

� Globular

� Biological catalysts

Enzymes
� Catalysts

� Increase the rate of a reaction

� Not changed or consumed by process

� Many reactions require enzymes to occur at adequate rates

Figure 2.21, step 3

Substrates (S)
e.g., amino acids

Enzyme (E)

Enzyme-substrate
complex (E-S)

Enzyme (E)

Product (P)
e.g., dipeptide

Energy is
absorbed;
bond is
formed. 

Water is
released.

Peptide
bond

Substrates bind
at active site.

Internal
rearrangements Product is

released. 

Active site

+ H2O

1 2
3

Enzymes
� Thousands of kinds in each cell

� May have a cofactor

� Ex: Metal ions or vitamins

Enzymes
� Typically catalyze only one reaction

� Examples
� Lactase (breaks down lactose into glucose and galactose)

� Carbonic anhydrase (CO2 + H2O ↔ HCO3
- + H+)

� Lysozyme

� “Damages bacterial cell walls by catalyzing hydrolysis of 1,4-
beta-linkages between N-acetylmuramic acid and N-acetyl-
D-glucosamine residues in a peptidoglycan and between N-
acetyl-D-glucosamine residues in chitodextrins”

� Cells lacking the enzyme can’t perform the reaction

� Suffix “-ase” or “-zyme”

Enzymes and Substrate
� Active site specific for substrate

a) Other enzymes acting upon a given substrate may catalyze 
different reactions, each enzyme is specific to:

� Substrate

� Reaction 

b) All enzymes show similar specificity
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1. Enzyme    and    substrate

2. Enzyme substrate 
complex

3. Enzyme product complex
4. Enzyme and products 

lactase

lactase

lactase

lactase

lactose

gl

gl

lactose

ga
ga

Active site Refer to Molecules 15, #3

Enzymes and Analogs

� Some drugs and poisons are substrate analogs

� Compete for active site and inactivate the enzyme = inhibition
� Cyanide

� Insecticides

� Nerve gas

� Penicillin

Enzymatic Reactions

� All chemical reactions result in changes in potential energy
� Energy is either consumed or produced

C6H12O6 + 6O2 ���� 6CO2 + 6H2O + kinetic energy

Enzymatic Reactions
� Example: oxidation of glucose

� Does not begin spontaneously

� Molecules must collide

Enzymatic Reactions
� Example: oxidation of glucose

� Does not begin spontaneously

� Molecules must collide

� Activation energy
� “activates” molecules to react

C6H12O6 +     6O2 → 6CO2 +     6H2O    +    kinetic energy (heat)

Product

Activation

energy 
required

Less activation

energy required

WITHOUT ENZYME WITH ENZYME

Reactants

Product Product

Reactants

Activation energy is required to “activate” molecules

Enzymes decrease the activation energy required

Refer to Molecules 17c



9/26/2016

16

Enzymatic Reactions
� Activation energy

�Heat increases kinetic energy
� Disruptive to living systems

� Enzymes lower the activation energy required to start 
reaction
� Hold substrates in active site

� Enzyme does not provide energy

When might the human body experience physiologically 
disruptive increases in temperature?

Besides increasing kinetic energy and altering the rate of reactions, 
what might this increase in temperature do to the body? 

Coupled Reactions

� Energy released from an exergonic reaction can provide energy 
for an endergonic one

Do you think this is a good system? Why?

Adenosine Triphosphate (ATP)

� Immediate source of energy for cells

Figure 2.23

Adenosine triphosphate (ATP)

Adenosine

Adenine

Ribose

Phosphate groups

High-energy phosphate

bonds can be hydrolyzed

to release energy.

Remember catabolic reactions are exergonic = energy releasing

Adenosine Triphosphate (ATP)

� Energy released from high energy bonds provides fuel for 
metabolic reactions requiring energy

� ATP is derived from cellular respiration
� Breakdown of large, energy rich molecules

� Occurs mostly in mitochondria

� Requires O2

C6H12O6 + 6O2 ���� 6CO2 + 6H2O +32ATP + heat
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Nucleic Acids
� Deoxyribonucleic acid

� Ribonucleic acid

What are 3 differences between DNA and RNA?

Nucleic Acids
� Deoxyribonucleic acid

� Deoxyribose sugar

� Double stranded

� Bases = A, C,  T, G

� Only in the nucleus

� One type

� Ribonucleic acid
� Ribose sugar

� Single stranded

� Bases = A, C, U, G

� In the nucleus & cytoplasm

� 3 major types

Chromatin

• Histones

• Proteins around which DNA coils

• Histone + DNA = Nucleosome

• Chromatin
• “Beads on a string”

• Beads are nucleosomes

Figure 3.30

Metaphase

chromosome

(at midpoint

of cell division)

Nucleosome

Histones

1 DNA double

helix

2 Chromatin

(“beads on a  

string”) structure

with nucleosomes 

Nucleotides

� Nucleic acids are polymers of nucleotides

� Pyrimidines
� Cytosine, thymine, uracil

� Purines
� Adenine, guanine

Figure 2.22

Deoxyribose

sugar

Phosphate

Sugar-phosphate

backbone

Adenine nucleotide
Hydrogen

bond

Thymine nucleotide

Phosphate

Sugar:

Deoxyribose PhosphateSugarThymine (T)
Base:

Adenine (A)

Adenine (A)

Thymine (T)

Cytosine (C)

Guanine (G)

(b) 

(a)

(c) Computer-generated image of a DNA molecule

DNA
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DNA

� Complementary base pairing
� Adenine pairs with thymine

� Guanine pairs with cytosine

DNA
� Contains information for all proteins produced in the body

� Information stored as a series of base pairs
� Provides instructions for directing protein synthesis

DNA
� Gene

� Specific sequence of DNA containing code for a single protein

� Humans have about 100,000 genes
� Only 3% of DNA codes for these genes, what about the other 97%?

Ribonucleic Acid (RNA)
� Ribose sugar

� Single stranded

� Thymine replaced with uracil

� DNA directs its synthesis

� Goes on to direct protein synthesis at the ribosome


