
BIOLOGY 111

 CHAPTER 2: The Chemistry of Life 



The Chemistry of Life :
Learning Outcomes

2.1) Describe the basic structure of atoms and how they participate in reactions essential to life. 
(Modules 2.1–2.3) 

2.2) Illustrate different types of chemical bonds that can form between atoms. (Module 2.4)

2.3) Explain the unique chemical properties of water molecules and how these properties are

essential to life. (Modules 2.5, 2.6)

2.4) Describe the significance of carbon in forming the basis of the four classes of biological 

macromolecules. (Module 2.7)

2.6) Describe in specific terms the forms and functions of the four classes of biological 

macromolecules. (Modules 2.7, 2.9–2.13)



2.1) All life is made of molecules, and molecules are made of atoms.

2.2) All matter consists of chemical elements.

2.3) Atoms are composed of subatomic particles.

2.4) Atoms are held together (in molecules) by chemical bonds.

2.5 The structure of water gives it unique properties.

2.6) pH is a measure of the acidity of a solution.

2.7) All life on Earth is based on carbon.

2.8) Most biological macromolecules are polymers.

2.9) Carbohydrates are composed of monosaccharides.

2.10) Lipids are a diverse group of hydrophobic molecules.

2.11) Your diet contains several different kinds of fats.

2.12) Proteins perform many of life’s functions.

2.13) Enzymes speed chemical reactions.

x.xx) Nucleic acids

The Chemistry of Life:
Outline ✓



All life is made of molecules, which are made of atoms:
Matter, Atoms, and Molecules

2.1) All life is made of molecules, which are made of atoms.

CORE IDEA: All matter consists of atoms, which are often bonded together into molecules. Individual 

elements combine to form compounds. Reactants are transformed into products through chemical 

reactions.

A. Matter, Atoms, and Molecules

B. Elements and Compounds



All life is made of molecules, which are made of atoms:
Matter, Atoms, and Molecules

A. Matter, Atoms, and Molecules

1. Every object is composed of matter.

a. Matter is anything that occupies space and has mass (substance).

b. Three phases of matter are gas, liquid, or solid. 



All life is made of molecules, which are made of atoms:
Matter, Atoms, and Molecules

A. Matter, Atoms, and Molecules

1. Every object is composed of matter.

a. Matter is anything that occupies space and has mass (substance).

b. Three phases of matter are gas, liquid, or solid. 

2. All matter consists of atoms.

a. Atoms are the smallest units that retain all the properties of their type of 

matter.

b. Atoms are usually bonded to each other as molecules.



All life is made of molecules, which are made of atoms:
Elements and Compounds

B. Elements and Compounds

1. All matter is composed of elements.

a. Elements are substances that cannot be broken down into other 

substances by chemical reactions.

i.  Elements consist of a single type of atom

ii. Examples of elements include hydrogen, carbon, uranium, and gold.

b. Compounds are substances with two or more elements (types of atoms) in 

a fixed ratio.

• Bronze is a compound made of copper and tin atoms (it is not an element)



All matter consists of chemical elements:
All living organisms are composed of matter, and all matter is 

composed of elements

2.2) All matter consists of chemical elements.

CORE IDEA: All matter is composed of elements. Of the 92 natural elements, only 25 are used in 

living cells. Of these, 4 make up the bulk of the cell, 7 are required in small amounts, and 14 are 

required only in tiny amounts.

A. All living organisms are composed of matter, and all matter is composed of 

elements. Elements consist of a single type of atom



All matter consists of chemical elements:
All living organisms are composed of matter, and all matter is 

composed of elements

A. All living organisms are composed of matter, and all matter is composed of 

elements.

1. Elements are substances that cannot be broken down into other substances 

by chemical reactions.

a. There are 92 naturally occurring elements.

b. Several elements are created artificially in labs.

▪ The substances are called elements and they are made up of atoms



All matter consists of chemical elements:
All living organisms are composed of matter, and all matter is 

composed of elements

2. Periodic table of the elements

▪ Elements are made up of the same type of atoms (only one type)

▪ Atoms are made up of 3 different parts 

called subatomic particles

➢ Protons

➢ Neutrons

➢ Electrons



All matter consists of chemical elements:
All living organisms are composed of matter, and all matter is 

composed of elements

2. Periodic table of the elements

a. Periodic table of the elements lists all of the chemical elements, ordered by 

atomic number.



All matter consists of chemical elements:
All living organisms are composed of matter, and all matter is 

composed of elements

2. Periodic table of the elements

a. Periodic table of the elements lists all of the chemical elements, ordered by 

atomic number.

b. Atomic number—number of protons

c. Symbol—One- or two-letter designation 

for element

d. Atomic weight—number of protons plus 

neutrons



All matter consists of chemical elements:
All living organisms are composed of matter, and all matter is 

composed of elements

3. Elements essential to life

a. Six of the 92 naturally occurring elements make up the majority of matter 

in organisms.

i. Carbon, Hydrogen, Nitrogen, Oxygen, Phosphorus and Sulfur

They are commonly referred to as CHNOPS

b. Another five account for much of the remaining mass.

i. Calcium, Potassium, Sodium, Chlorine, and Magnesium



All matter consists of chemical elements:
All living organisms are composed of matter, and all matter is 

composed of elements

3. Elements essential to life

a. Fourteen trace elements are present in tiny amounts but cells cannot 

survive without them.

i. Boron, chromium, cobalt, copper, fluorine, iodine, iron, manganese, 

molybdenum, selenium, silicon, tin, vanadium, and zinc



Atoms are composed of subatomic particles:
All matter is composed of atoms. Atoms are composed of subatomic 

particles

2.3) Atoms are composed of subatomic particles.

CORE IDEA: All atoms are composed of protons, neutrons, and electrons. The number of protons 

determines the element, the number of neutrons determines the isotope, and the number of electrons 

determines the ion state and chemical reactivity.

A. All matter is composed of atoms. Atoms are composed of subatomic particles.

B. Atom of nitrogen

C. Nitrogen-15 isotope (or N-15 or 15N)

D. Nitrogen ion



Atoms are composed of subatomic particles:
All matter is composed of atoms. Atoms are composed of subatomic 

particles

A. All matter is composed of atoms. Atoms are composed of subatomic particles.

1. Protons

2. Neutrons

3. Electrons



Atoms are composed of subatomic particles:
All matter is composed of atoms. Atoms are composed of subatomic 

particles

A. All matter is composed of atoms. Atoms are composed of subatomic particles.

1. Protons—equal in mass to neutrons, 

located in nucleus, positive charge

a. The number of protons determines the 

chemical element.



Atoms are composed of subatomic particles:
All matter is composed of atoms. Atoms are composed of subatomic 

particles

A. All matter is composed of atoms. Atoms are composed of subatomic particles.

2. Neutrons—equal in mass to protons, 

located in nucleus, No electrical charge

a. Changing the number of neutrons will only 

change the mass of an atom, not the type

b. Atoms with different numbers of neutrons are 

called isotopes

N15 is a nitrogen isotope with 8 neutrons



Atoms are composed of subatomic particles:
All matter is composed of atoms. Atoms are composed of subatomic 

particles

A. All matter is composed of atoms. Atoms are composed of subatomic particles.

3. Electrons—very little mass, located in 

electron shells in electron cloud, negative 

charge

a. Determine chemical properties of atoms –

reactivity

(Responsible for the formation of chemical bonds)

b. One electron will neutralize the + charge of one 

proton



Atoms are composed of subatomic particles:
All matter is composed of atoms. Atoms are composed of subatomic 

particles

A. All matter is composed of atoms. Atoms are composed of subatomic particles.



Atoms are held together by chemical bonds:
During chemical reactions, atoms form chemical bonds by gaining, 

releasing, or sharing electrons with other atoms

2.4) Atoms are held together (in molecules) by chemical bonds.

CORE IDEA: Chemical bonds can be ionic (via electron transfer) or covalent (via electron sharing). 

Covalent bonds can be nonpolar (equal sharing) or polar (unequal sharing). Hydrogen bonds are 

important in the structure of water.

A. During chemical reactions, atoms form chemical bonds by either transferring or 

sharing electrons with other atoms.

B. Chemical bonds

C. Other Bonds



Atoms are held together by chemical bonds:
During chemical reactions, atoms form chemical bonds by gaining, 

releasing, or sharing electrons with other atoms

A. During chemical reactions, atoms form chemical bonds by transferring or sharing 

electrons with other atoms.

a. Atoms that are unstable will form chemical bonds (to make them stable)

i. Unstable atoms are called reactive atoms

b. Atoms become stable by exchanging or sharing electrons – it is this 

exchanging or sharing of electrons that forms chemical bonds

Atoms want pairs/sets of electrons… not single “lone” electrons!



Atoms are held together by chemical bonds:
During chemical reactions, atoms form chemical bonds by gaining, 

releasing, or sharing electrons with other atoms

B. When two atoms form chemical bonds, they are fighting over electrons to 

become more stable

a. If one atom ‘wins’ and pulls an electron from another (exchange) – that atom 

will become more negative, and the ‘losing’ atom will become more positive

b. If the two atoms are equally matched, no electrons will be exchanged and the 

atoms will actually share the electrons they are fighting over



Atoms are held together by chemical bonds:
During chemical reactions, atoms form chemical bonds by gaining, 

releasing, or sharing electrons with other atoms

B. When two atoms form chemical bonds, they are fighting over electrons to become 

more stable

How do you know which atom will ‘win’ the fight?



Atoms are held together by chemical bonds:
During chemical reactions, atoms form chemical bonds by gaining, 

releasing, or sharing electrons with other atoms

B. When two atoms form chemical bonds, they are fighting over electrons to become 

more stable

1. Electronegativity is how strongly an 

atom will pull on electrons

a. If two atoms have very different

electronegativities, they will 

exchange electrons

b. If they have similar or equal 

electronegativities, they will share

electrons



Atoms are held together by chemical bonds:
During chemical reactions, atoms form chemical bonds by gaining, 

releasing, or sharing electrons with other atoms

B. When two atoms form chemical bonds, they are fighting over electrons to become 

more stable

1. Electronegativity is how strongly an 

atom will pull on electrons

a. Atoms that exchange electrons will 

form ionic bonds

b. Atoms that share electrons will form 

covalent bonds



Atoms are held together by chemical bonds:
Chemical bonds

C. Chemical bonds

1. Ionic bonds involve the exchange of one or more electrons from one atom to 

another.

a. Atom receiving electron(s) becomes negatively charged = an ion.

b. Atom donating electron(s) becomes positively charged = an ion.

i. Ions are an atom or group of atoms that has acquired a charge by the 

gain or loss of electrons.

c. Ionic bonds are held together by the attraction of opposite charges. This 

attraction is weak when compared to covalent bonds



Atoms are held together by chemical bonds:
Chemical bonds

2. Covalent bonds involve the sharing of one or more electrons between atoms.

a. A covalent bond is a pair of shared electrons (one from each atom)

b. Covalent bonds hold most molecules together. (strong – don’t dissolve in water)

c. A single bond is a single pair of shared electrons.

i. Indicated by a solid line 

d. A double bond has two pairs of shared electrons.

i. Indicated by a pair of lines

ii. Hydrogen gas H2: H=H.

e. A triple bond is three pairs of shared electrons.

i. Relatively rare



Atoms are held together by chemical bonds:
Chemical bonds



Atoms are held together by chemical bonds:
Chemical bonds



Atoms are held together by chemical bonds:
Other Bonds

D. Other Bonds

1. Hydrogen bonds

a. Water molecules are polar – they have a (+) end and a (-) end.

b. Electrons are more attracted 

to oxygen atom than the 

hydrogen

i. So oxygen atoms carry a slight 

negative charge while 

hydrogen nuclei are slightly 

positive.



Atoms are held together by chemical bonds:
Other Bonds

D. Other Bonds

1. Hydrogen bonds

c. Hydrogen bonds form between slightly negative oxygen nucleus and a 

slightly positive hydrogen nucleus in a separate water molecule.

i. Hydrogen bond networks 

are responsible for many 

properties of water.

ii. Hydrogen bonds can also 

occur between other 

polar molecules.



Atoms are held together by chemical bonds:
Other Bonds

D. Other Bonds

1. Hydrogen bonds

c. Hydrogen bonds form between slightly negative oxygen nucleus and a 

slightly positive hydrogen nucleus in a separate water molecule.

i. Hydrogen bond networks 

are responsible for many 

properties of water.

ii. Hydrogen bonds can also 

occur between other 

polar molecules.



Atoms are held together by chemical bonds:
Other Bonds

D. Other Bonds

1. Hydrogen bonds

c. Hydrogen bonds form between slightly negative oxygen nucleus and a 

slightly positive hydrogen nucleus in a separate water molecule.

▪ Hydrogen bonds are 

different from other 

chemical bonds in that 

they do not transfer or 

share electrons



The structure of water gives it unique properties:
All life depends on water

2.5The structure of water gives it unique properties.

CORE IDEA: The polar nature of water molecules allows them to form networks of hydrogen bonds. 

This special ability endows water with many life-supporting properties.

A. All life depends on water.

Properties – due to Hydrogen bonds

B. Ice floating

C. Water as a solvent

D. Temperature regulation

E. Cohesion and Adhesion



The structure of water gives it unique properties:
All life depends on water

A. All life depends on water.

1. Life first appeared in water and evolved there for billions of years before 

moving onto land.

2. Nearly all cells are, by weight, mostly water.

3. Water has special properties that are a result of its unique chemical structure.



pH is a measure of the acidity of a solution:
Most of the chemical reactions of life occur in water

2.6) pH is a measure of the acidity of a solution.

CORE IDEA: The concentration of H+ ions in an aqueous solution determines the pH, from acidic (0 

to 7) to basic (7 to 14). Buffers can help reduce changes in pH. pH changes in the environment can 

affect the health of ecosystems.

A. Most of the chemical reactions of life occur in water.

B. pH scale



pH is a measure of the acidity of a solution:
Most of the chemical reactions of life occur in water

A. Most of the chemical reactions of life occur in water.

1. An aqueous solution is one that contains a substance dissolved in water.

2. Within the aqueous solution, a small percentage of the water molecules break 

apart into hydrogen ions (H+) and hydroxide ions (OH–).

H2O  H+ + OH-

3. Additionally, substances dissolved in water may also add or remove H+ ions 

from the Solution.

4. The concentration of H+ ions determines its pH.



pH is a measure of the acidity of a solution:
Most of the chemical reactions of life occur in water

A. Most of the chemical reactions of life occur in water.

1. An aqueous solution is one that contains a substance dissolved in water.

2. Within the aqueous solution, a small percentage of the water molecules break 

apart into hydrogen ions (H+) and hydroxide ions (OH–).

H2O  H+ + OH-

• If H+ and OH- are balanced then water is said to be Neutral

• If there is an excess of H+ then it is said to be Acidic

• If there is a lower amount of H+, then it is said to be Basic



pH is a measure of the acidity of a solution:
Most of the chemical reactions of life occur in water

A. Most of the chemical reactions of life occur in water.

5. The pH scale runs from 0 (most acidic) to 14 (most basic) with 7 as neutral.

a. Each number in the pH scale represents a tenfold change in H+ ion

concentration.



pH is a measure of the acidity of a solution:
Most of the chemical reactions of life occur in water

A. Most of the chemical reactions of life occur in water.

Changes in pH can change the shape of important proteins and, therefore, can 

be quite damaging

Maintaining a pH balance is important to sustain life processes



pH is a measure of the acidity of a solution:
pH scale

B. pH scale

1. Acids  (low pH)

a. An acid is a chemical that, when dissolved in water, 

releases H+ ions.

b. Acid solutions have a pH between 0 and <7.

c. Raises H+ ions

2. Bases  (high pH)

a. A base is a chemical that, when dissolved in water, 

removes H+ ions from a solution.

b. Basic solutions have a pH between >7 and 14.

c. Lowers H+ ions



All life on Earth is based on carbon:
All organisms on Earth are “carbon-based life-forms.”

2.7) All life on Earth is based on carbon.

CORE IDEA: All organisms have an abundance of organic compounds, consisting of carbon skeletons 

that may have functional groups attached. There are four classes of large organic compounds that are 

particularly important to life: carbohydrates, lipids, proteins, and nucleic acids.

A. All organisms on Earth are “carbon-based life-forms.”

B. Carbon skeletons

C. Functional groups

D. Biologically important organic compounds



All life on Earth is based on carbon:
All organisms on Earth are “carbon-based life-forms.”

A. All organisms on Earth are “carbon-based life-forms.”

1. Organic compounds contain carbon, bonded to other atoms

2. Carbon always forms 4 bonds and can bond to many different atoms

a. This makes carbon a very good atom to build complex molecules



All life on Earth is based on carbon:
All organisms on Earth are “carbon-based life-forms.”

A. All organisms on Earth are “carbon-based life-forms.”

2. Carbon is able to form large, highly branched, diverse chains that can serve 

as the basic skeleton for a wide variety of chemical compounds.

i. This means carbon can form a nearly unlimited number of shapes and 

molecules

ii. If there are many different shapes, then there can be many different

functions



All life on Earth is based on carbon:
Carbon skeletons

B. Carbon skeletons

1. Each carbon atom forms four bonds to other atoms.

2. Carbon skeletons vary in length and branching pattern, and some fuse to form 

rings.



All life on Earth is based on carbon:
Functional groups

C. Functional groups

1. Functional groups are sets of atoms attached to the carbon skeleton.

2. Functional groups participate in chemical reactions with other compounds.

3. Functional groups often determine the overall properties of an organic 

compound.

a. Some biologically important functional groups include hydroxyl group, amino group, and 

phosphate group.



All life on Earth is based on carbon:
Functional groups

C. Functional groups

1. Different groups, give different properties to molecules

i. Hydroxyl groups make molecules more soluble in water

ii. Amino groups make molecules more ‘basic’ (not acidic)

iii. Phosphate groups often allow molecules to transfer energy



All life on Earth is based on carbon:
Biologically important organic compounds

D. Biologically important organic compounds

1. Carbohydrates—cellulose, glucose and glycogen

2. Lipids—coconut oil, cholesterol

3. Proteins—hexokinase, keratin

4. Nucleic acids—DNA, RNA



All life on Earth is based on carbon:
Biologically important organic compounds

D. Biologically important organic compounds

1. Carbohydrates—cellulose, glucose and glycogen

2. Lipids—coconut oil, cholesterol

3. Proteins—hexokinase, keratin

4. Nucleic acids—DNA, RNA



All life on Earth is based on carbon:
Biologically important organic compounds

D. Biologically important organic compounds

1. Carbohydrates—cellulose, glucose and glycogen

2. Lipids—coconut oil, cholesterol

3. Proteins—hexokinase, keratin

4. Nucleic acids—DNA, RNA



All life on Earth is based on carbon:
Biologically important organic compounds

D. Biologically important organic compounds

1. Carbohydrates—cellulose, glucose and glycogen

2. Lipids—coconut oil, cholesterol

3. Proteins—hemoglobin, hexokinase, keratin

4. Nucleic acids—DNA, RNA



All life on Earth is based on carbon:
Biologically important organic compounds

D. Biologically important organic compounds

1. Carbohydrates—cellulose, glucose and glycogen

2. Lipids—coconut oil, cholesterol

3. Proteins—hexokinase, keratin

4. Nucleic acids—DNA, RNA



Most biological macromolecules are polymers:
Macromolecules

2.8) Most biological macromolecules are polymers.

CORE IDEA: Macromolecules (large molecules) are often polymers made by joining together 

monomers. Polymers can be broken down into individual monomers.

A. Monomers and Polymers



Most biological macromolecules are polymers:
Macromolecules

A. Macromolecules

1. Macromolecules are large molecules that can have complex structures.

2. Most macromolecules are made up of ‘parts’ or monomers.  

3. Chains of monomers are called polymers



Most biological macromolecules are polymers:
Metabolism

Metabolism

1. Metabolism is the sum of all the chemical reactions taking place in your body.

2. These reactions include breaking down or building up polymers.

3. Your digestive system breaks down meat (protein) into amino acids (monomers). 

4. Your cells use these amino acids to build up new proteins (polymers)



Carbohydrates are composed of monosaccharides:
Carbohydrates

2.9) Carbohydrates are composed of monosaccharides.

CORE IDEA: Carbohydrates consist of one or more monosaccharides joined together. Simple sugars 

(monosaccharides) include glucose and fructose; disaccharides include sucrose; and polysaccharides

include starch and cellulose.

A. Carbohydrates

B. Monosaccharides

C. Disaccharides

D. Polysaccharides



Carbohydrates are composed of monosaccharides:
Carbohydrates

A. Carbohydrates

1. All carbohydrates are molecules constructed from one or more 

monosaccharides (simple carbohydrates).



Carbohydrates are composed of monosaccharides:
Carbohydrates

A. Carbohydrates

1. All carbohydrates are molecules constructed from one or more 

monosaccharides

✓ Structures of one or two monosaccharides are called simple carbohydrates

• Simple carbohydrates are a primary source of energy for cells

✓ Chains of more than two monosaccharides form polymers called complex

carbohydrates

• Complex carbohydrates are used either for energy storage or for structural purposes



Carbohydrates are composed of monosaccharides:
Carbohydrates

A. Carbohydrates

1. All carbohydrates are molecules constructed from one or more 

monosaccharides

2. Carbohydrates are a common source of dietary energy for plants and animals 

and a structural component of  most plants



Carbohydrates are composed of monosaccharides:
Simple Carbohydrates

B. Monosaccharides

1. Monosaccharides are the building blocks (monomers) of carbohydrates.

2. Glucose and fructose are isomers and have the same numbers and kinds of 

atoms but differ in arrangement of atoms.

3. The slightly different structures also mean 

slightly different functions



Carbohydrates are composed of monosaccharides:
Simple Carbohydrates

C. Disaccharides

1. A disaccharide is a double sugar formed by joining two monosaccharides.

2. Sucrose is composed of a glucose joined to a fructose.



Carbohydrates are composed of monosaccharides:
Simple Carbohydrates

C. Disaccharides

1. A disaccharide is a double sugar formed by joining two monosaccharides.

2. Sucrose is composed of a glucose joined to a fructose.



Carbohydrates are composed of monosaccharides:
Simple Carbohydrates

C. Disaccharides

1. A disaccharide is a double sugar formed by joining two monosaccharides.

2. Sucrose is composed of a glucose joined to a fructose.

3. Other common disaccharides include lactose and maltose.

4. Most sugars have names ending in “-ose.”



Carbohydrates are composed of monosaccharides:
Simple Carbohydrates

Monosaccharaides and Disaccharides are known as Simple Carbohydrates

1. A disaccharide is a double sugar formed by joining two monosaccharides.

• Simple carbohydrates tend to function as primary sources of energy



Carbohydrates are composed of monosaccharides:
Complex Carbohydrates

D. Polysaccharides

1. Polysaccharides are complex carbohydrates made by joining many 

monosaccharides into a long chain.

2. Starch is an energy storage molecule for plants.



Carbohydrates are composed of monosaccharides:
Complex Carbohydrates

D. Polysaccharides

1. Polysaccharides are complex carbohydrates made by joining many 

monosaccharides into a long chain.

2. Starch is a storage molecule for plants.

3. Cellulose is a structural component of plants.



Carbohydrates are composed of monosaccharides:
Complex Carbohydrates

D. Polysaccharides

1. Polysaccharides are complex carbohydrates made by joining many 

monosaccharides into a long chain.

2. Starch is a storage molecule for plants.

3. Cellulose is a structural component of plants.

4. Glycogen is stored energy (by animals) in muscle and liver cells.



Carbohydrates are composed of monosaccharides:
Complex Carbohydrates

Structures with more than 2 monosaccharides are known as Complex Carbohydrates

1. Complex carbohydrates have different functions than simple carbohydrates

• Complex carbohydrates tend to function as molecules to store energy or 

serve a structural role



Carbohydrates are composed of monosaccharides:
Complex Carbohydrates

The story of Blood Sugar and Insulin: 

(monosaccharides being stored as polysaccharides)

• Blood sugar (glucose) can be either too high or too low (either can be deadly)

• As glucose levels increase, your pancreas produces insulin

• Insulin signals your liver to make glycogen polymers (this lowers blood glucose)

• Blood glucose is lower because it is now stored as glycogen (polymer)

• When blood sugar drops – your body breaks down glycogen polymers to get 

glucose monomers



Lipids are a diverse group of hydrophobic molecules:
Lipids

2.10) Lipids are a diverse group of hydrophobic molecules.

CORE IDEA: Lipids are a diverse group of hydrophobic organic compounds. Lipids include 

phospholipids, cholesterol, triglycerides, and steroid hormones.

A. Lipids

B. Phospholipids

C. Cholesterol

D. Triglycerides



Lipids are a diverse group of hydrophobic molecules:
Lipids

A. Lipids

1. They are a very diverse group of organic compounds.

2. All lipids are hydrophobic, meaning they do not mix with water.

3. Lipids have molecular parts but are not considered polymers



Lipids are a diverse group of hydrophobic molecules:
Phospholipids

B. Phospholipids

1. Every living cell is surrounded by a membrane.

2. These membranes are phospholipid bilayers.

a. They are composed of two layers of phospholipids.

3. A phospholipid contains a phosphate group in its 

hydrophilic head and two long hydrophobic tails.



Lipids are a diverse group of hydrophobic molecules:
Phospholipids

B. Phospholipids

1. Hydrophilic molecules are polar and mix with water

2. Hydrophobic molecules are nonpolar and do not mix 

with water



Lipids are a diverse group of hydrophobic molecules:
Cholesterol

C. Cholesterol

1. It is found in animal cell membranes.

a. It helps maintain fluidity in cell membranes

2. Animal cells use cholesterol to synthesize several important lipid hormones.

3. Cholesterol is found in animal-derived foods

• Our bodies make most (80%) of 

the cholesterol that we need to be 

healthy.  Only about 20% should 

come from diet



Lipids are a diverse group of hydrophobic molecules:
Cholesterol

C. Cholesterol

4. Different versions of cholesterol

a. LDL—low-density lipoprotein (“bad cholesterol”)—levels can be increased 

through poor diet

b. HDL—high-density lipoprotein (“good cholesterol”)—levels can be 

increased through exercise



Lipids are a diverse group of hydrophobic molecules:
Cholesterol

C. Cholesterol

4. Different versions of cholesterol

a. LDL—low-density lipoprotein (“bad cholesterol”)—levels can be increased 

through poor diet

b. HDL—high-density lipoprotein (“good cholesterol”)—levels can be 

increased through exercise

LDL is a protein that carries cholesterol to your arteries (NOT GOOD!)

HDL is a protein that carries cholesterol away from arteries (GOOD!)



Lipids are a diverse group of hydrophobic molecules:
Triglycerides

D. Triglycerides

1. A triglyceride is a typical dietary fat.

2. A triglyceride consists of one molecule of glycerol joined to three fatty acid

molecules.



Lipids are a diverse group of hydrophobic molecules:
Triglycerides

D. Triglycerides

3. The carbon/hydrogen chains in the fatty acid tails store a lot of energy.

a. Fatty foods, therefore, have a lot of calories.

4. Excess calories in the body are stored by adding triglycerides to adipose tissue.

5. This energy is stored, and can be broken down to produce ATP (cellular energy) 

when it is needed



Your diet contains several different kinds of fats:
Dietary lipids

2.11) Your diet contains several different kinds of fats.

CORE IDEA: Lipids include dietary fats: saturated fats and unsaturated fats (including trans fats and 

omega-3 fats). Unsaturated fats tend to be healthier than saturated fats, but trans unsaturated fats are 

particularly unhealthy.

A. Dietary lipids

B. Saturated fats

C. Unsaturated fats



Your diet contains several different kinds of fats:
Dietary lipids

A. Dietary lipids

1. Most of the lipids you consume in your diet are triglycerides.

2. Each triglyceride molecule contains three long, fatty acid chains connected to 

one glycerol.



Your diet contains several different kinds of fats:
Dietary lipids

B. Saturated Fats

C. Unsaturated Fats

1. Monounsaturated

2. Polyunsaturated



Your diet contains several different kinds of fats:
Saturated fats

B. Saturated fats

1. Saturated fats have the maximum number of 

hydrogens along the fatty acid tail.

a. All (C-C bonds) are single chemical bonds.

b. As a result, the fatty acid tails are straight.

2. Saturated fats tend to be solid at room temperature.

3. They are found in highest quantities (but not 

exclusively) in animal products.

4. They generally are less healthy.



Your diet contains several different kinds of fats:
Unsaturated fats

C. Unsaturated fats

1. Unsaturated fats have one or more double bonds in 

the fatty acid tail.

a. The double bonds reduce the number of 

hydrogens in fatty acids and also cause a “kink”

b. As a result, the fatty acid tails are bent.

Therefore, unsaturated fats tend to be liquid at room 

temperature   (“kinks” prevent close packing)

2. They are found in highest quantities (but not 

exclusively) in vegetable and fish oils.

3. They generally are healthier.



Your diet contains several different kinds of fats:
Unsaturated fats

5. Types of unsaturated fats

a. Trans fat

i. Hydrogenation is a manufacturing process that renders unsaturated fat 

solid. 

ii. Hydrogenation produces trans fats.

iii. Trans fats are very unhealthy and must be listed explicitly on food 

labels.

b. Healthy unsaturated fats

i. Omega-3 fatty acids are known to reduce the risk of heart disease.

ii. Fish, chicken, eggs, peanuts, and beans are high in omega-3 fatty 

acids



Proteins perform many of life’s functions:
Proteins

2.12) Proteins perform many of life’s functions.

CORE IDEA: Proteins are a diverse set of molecules made from amino acids joined by peptide bonds. 

Proteins perform most of the tasks required of life. Each kind of protein has a unique shape that 

determines its functions.

A. Proteins

B. Protein structure

C. Functions of proteins

D. Protein form and function



Proteins perform many of life’s functions:
Proteins

A. Proteins

1. Each kind of protein has a unique structure and shape that allows it to perform 

a specific function.



Proteins perform many of life’s functions:
Protein structure

B. Protein structure

1. All proteins are made by joining amino acid monomers together.

a. Peptide bonds are formed when amino acids are linked into polymers

2. Amino acids

a. Every amino acid contains a central carbon atom, an amino group, and a carboxylic acid 

group.

b. Each of the 20 kinds of amino acids contains a different side group that gives it unique 

chemical properties.



Proteins perform many of life’s functions:
Protein structure

3. The specific order of amino acids determines the overall structure of that 

protein.

a. A polypeptide is a long chain of amino acids. (amino acids are the monomers)
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a. A polypeptide is a long chain of amino acids.

b. Every polypeptide twists and folds 

into a unique, three-dimensional 

shape.



Proteins perform many of life’s functions:
Protein structure

3. The specific order of amino acids determines the overall structure of that 

protein.

a. A polypeptide is a long chain of amino acids.

b. Every polypeptide twists and folds 

into a unique, three-dimensional 

shape.

• Some proteins contain multiple

polypeptide chains joined to form a large 

complex.

i. Hemoglobin is made of four folded 

polypeptide chains.



Proteins perform many of life’s functions:
Protein structure

C. Functions of proteins

1. If something is getting done in your body, chances are there is a protein doing 

it.

2. Note that each protein has a 

unique shape that enables it to 

perform its unique function.

3. Examples include transport, 

defense, structure, enzymes, and 

movement.
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C. Functions of proteins

1. If something is getting done in your body, chances are there is a protein doing 

it.

2. Note that each protein has a 

unique shape that enables it to 

perform its unique function.

3. Examples include transport, 

defense, structure, enzymes, and 

movement.



Proteins perform many of life’s functions:
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D. Protein form and function

1. The precise amino acid sequence of a protein determines its overall shape 

and its function.

 Changes in the amino acid sequence may alter the protein’s ability to perform 

its normal task.



Proteins perform many of life’s functions:
Protein form and function

3. Changing one amino acid in one of the 146 amino acids making up one of the 

polypeptides in hemoglobin causes the protein to misfold.

a. Sickle-cell disease results from a mutation



Nucleic Acids Inform Protein Synthesis:
Nucleic Acids are polymers

6.3 – 6.4) Nucleic Acids Inform the Process of Building Proteins

A. Nucleic acids are polymers called DNA and RNA.  Both DNA and RNA direct how 

proteins are made.  Nucleic acids are made up of monomers called nucleotides



Nucleotides

1. Each molecule of DNA is made of individual monomers called nucleotides.

2. Each nucleotide is composed of the following:

a. A five-carbon sugar (deoxyribose in DNA)

i. Identical in all organisms

b. A negatively charged phosphate group

i. Identical in all organisms

c. A base

i. Varies—adenine (A), guanine (G), thymine (T), and cytosine (C)

ii. All genetic information is encoded in this four-letter alphabet.

DNA is a polymer of nucleotides:
Nucleotides



Nucleotides

1. Each molecule of DNA is made of individual subunits called nucleotides.

2. Each nucleotide is composed of the following:

a. A five-carbon sugar (deoxyribose in DNA)

i. Identical in all organisms

b. A negatively charged phosphate group

i. Identical in all organisms

c. A base

i. Varies—adenine (A), guanine (G), thymine (T), and cytosine (C)

ii. All genetic information is encoded in this four-letter alphabet.

DNA is a polymer of nucleotides:
Nucleotides



3. Overall structure of DNA is a double helix.

a. Two nucleotide strands wrap around each other.

b. Hydrogen bonds between bases hold the two 

strands together.

4. The precise chemical structure of DNA is common to 

all life on Earth.

DNA is a polymer of nucleotides:
The double helix



5. Base pairs

a. Each nucleotide contains one of four bases.

i. Adenine (A), guanine (G), thymine (T), and cytosine (C)

DNA is a polymer of nucleotides:
Nucleotides



5. Base pairs

a. Each nucleotide contains one of four bases.

i. Adenine (A), guanine (G), thymine (T), and cytosine (C)

b. Each kind of base can form hydrogen bonds with only one other kind of 

base.

i. A with T

ii. G with C

c. The hydrogen bonds within base pairs hold the two strands of the double 

helix together.

• Due to the base-pairing rules, the sequence of one strand dictates the identity of the 

nucleotides on the other strand

DNA is a polymer of nucleotides:
Nucleotides



5. Base pairs

a. Hydrogen bonds form between the 

bases of the two strands

b. These hydrogen bonds hold double 

helix together

• Because hydrogen bonds are not very 

strong individually, they can be separated 

(like Velcro™)

• This is important when copying DNA or 

expressing genes (making mRNA)

DNA is a polymer of nucleotides:
Nucleotides


