
BIOLOGY 111

 CHAPTER 3: The Cell: The Fundamental Unit of Life



The Cell: The Fundamental Unit of Life
Learning Outcomes

3.1 Explain the similarities and differences between prokaryotic and eukaryotic cells including 

organelles and between plant and animal cells. (Modules 3.1–3.3)

3.2 Explain the source and significance of the hydrophobic and hydrophilic nature of the plasma

membrane and how the plasma membrane regulates the passage of materials. (Modules 3.3, 3.4) 

3.3 Describe the structure and function of the cell nucleus and its contents. (Module 3.5)

3.4 Summarize the major steps involved in protein synthesis, including the structures, locations of, 

and molecules involved in transcription, translation, and distribution. (Module 3.6) 

3.5 List the components of a cell that provide energy, structural strength, mobility, and connectivity to 

other cells. (Modules 3.7, 3.8)



3.1) Cells are the fundamental units of life.

3.2) Plant and animal cells have common and unique structures.

3.3) Membranes are made from two layers of lipids.

3.4) Membranes regulate the passage of materials.

3.5) The nucleus houses DNA packaged as chromosomes.

3.6) Several organelles participate in the production of proteins.

3.7) Chloroplasts and mitochondria provide energy to the cell.

3.8) Various cellular organelles provide storage, movement, and shape.

The Cell: The Fundamental Unit of Life:
Outline ✓



Cells are the fundamental units of life:
Cells are the fundamental units of life

3.1) Cells are the fundamental units of life.

CORE IDEA: All cells are either relatively small, simple, prokaryotic cells (bacteria and archaea) or 

larger, organelle-containing eukaryotic cells (found in animals, fungi, plants, and protists).

A. Cells are the fundamental units of life.

B. Prokaryotic cells

C. Eukaryotic cells



Cells are the fundamental units of life:
Cells are the fundamental units of life

A. Cells are the fundamental units of life.

1. Every living organism is composed of one or more cells.

2. Some organisms are unicellular, composed of just a single cell.

3. Other organisms are composed of trillions of cells (e.g., humans).

4. All cells can be classified as either prokaryotic or eukaryotic.



Cells are the fundamental units of life:
Prokaryotic cells

B. Prokaryotic cells

1. Two domains (bacteria and archaea) are prokaryotes or have prokaryotic 

cells.

a. All prokaryotes are relatively simple organisms consisting of a single cell.

b. Prokaryotes date back to at least 3.5 billion years ago.



Cells are the fundamental units of life:
Prokaryotic cells

2. Structure of an idealized bacterium

a. Not all prokaryotes have all the structures listed in the figure below

b. Structures found in all living cells: cytoplasm, plasma membrane, and 

ribosomes

c. Structures unique to bacteria: 

capsule, pilus (pili), nucleoid, cell 

wall* 

* Plants have a cell wall, but it is very 

different from that of bacteria



Cells are the fundamental units of life:
Eukaryotic cells

C. Eukaryotic cells

1. Eukaryotes have eukaryotic cells.

a. Plants, animals, fungi, and protists are eukaryotes.

b. Only eukaryotes have a nucleus and organelles.

2. Eukaryotic cells are larger and more complex than prokaryotic cells.

3. Eukaryotic cells contain organelles that are membrane-enclosed structures.

4. Eukaryotes evolved from prokaryotes around 2.1 billion years ago.



Plant and animal cells have common and unique structures:
All eukaryotic cells have the following:

3.2) Plant and animal cells have common and unique structures.

CORE IDEA: Animal and plant cells share many organelles, such as the nucleus, ribosomes, and 

mitochondria. Only animal cells have lysosomes, while only plant cells have chloroplasts, cell walls, 

and central vacuoles.

A. All eukaryotic cells have the following:

B. Idealized animal cell

C. Idealized plant cell



Plant and animal cells have common and unique structures:
All eukaryotic cells have the following:

A. All eukaryotic cells have the following:

1. Plasma membrane

a. This structure selectively separates the interior of a cell, from its 

surroundings

2. Nucleus (a large organelle)

a. This most prominent feature of a eukaryotic cell houses the DNA.

3. Organelles

a. Membrane-enclosed structures in cells that perform specific functions

4. Cytoplasm

a. Watery - fluid filled interior portion of a cell)



Plant and animal cells have common and unique structures:
Idealized animal cell:

B. Idealized animal cell

1. All living cells have a plasma 

membrane, cytoplasm, 

ribosomes, and DNA.

2. All eukaryotic cells also have a 

nucleus, nuclear envelope, 

endoplasmic reticulum, 

mitochondria, Golgi apparatus

and a cytoskeleton

3. Only animal cells have 

lysosomes.



Plant and animal cells have common and unique structures:
Idealized plant cell:

C. Idealized plant cell

1. All living cells have a plasma 

membrane, cytoplasm, 

ribosomes, and DNA.

2. All eukaryotic cells have a 

nucleus, nuclear envelope, 

endoplasmic reticulum, 

mitochondrion (mitochondria), 

Golgi apparatus and cytoskeleton

3. Only plant cells have 

chloroplasts, cell wall, and central 

vacuole



Membranes are made from two layers of lipids:
Every cell uses a plasma membrane to maintain a relatively constant 

internal environment:

3.3) Membranes are made from two layers of lipids.

CORE IDEA: Every cell is surrounded by a plasma membrane made from two layers of phospholipids

and integrated proteins. Membranes perform important functions such as regulating the passage of 

materials into and out of the cell.

A. All cells use a plasma membrane to maintain a relatively constant internal environment.

B. Structure of a plasma membrane

C. Phospholipids

D. Extracellular fluid

E. Cytoplasm (cell interior)

F. Membrane proteins



Membranes are made from two layers of lipids:
Every cell uses a plasma membrane to maintain a relatively constant 

internal environment:

A. Every cell uses a plasma membrane to maintain a 

relatively constant internal environment.

1. Relatively simple structure

2. Regulates passage of materials into and out of 

the cell

a. Some materials pass freely, others only under certain 

conditions, and some not at all.



Membranes are made from two layers of lipids:
Structure of a plasma membrane:

B. Structure of a plasma membrane

1. Composition: phospholipids and proteins

2. Phospholipid bilayer: two layers of 

phospholipids

3. Fluid mosaic:

a. The membrane is fluid because molecules move 

freely past one another.

b. The membrane is a mosaic because of the diversity 

of proteins.



Membranes are made from two layers of lipids:
Phospholipids:

C. Phospholipids

1. Each has a phosphate (PO4–) “head” and two fatty acid “tails.”

2. Heads are hydrophilic (“water loving”), while tails are hydrophobic (“water 

fearing”).



Membranes are made from two layers of lipids:
Phospholipids:

C. Phospholipids

1. Each has a phosphate (PO4–) “head” and two fatty acid “tails.”

2. Heads are hydrophilic (“water loving”), while tails are hydrophobic (“water 

fearing”).

3. Phospholipids spontaneously organize into 

two-layered membrane.

a. Heads face out into watery environment 

inside or outside cell.

b. Tails face inside the membrane.



Membranes are made from two layers of lipids:
Extracellular fluid:

D. Extracellular fluid

1. Liquid environment outside the cell.

a. Complex liquid and protein environment



Membranes are made from two layers of lipids:
Extracellular fluid:

D. Extracellular fluid

1. Liquid environment outside the cell.

a. Complex liquid and protein environment



Membranes are made from two layers of lipids:
Cytoplasm (cell interior):

E. Cytoplasm (cell interior)

1. Inside cell / outside of nucleus

2. Consists primarily of watery 

liquid (cytosol), various 

organelles, and dissolved 

molecules



Membranes are made from two layers of lipids:
Cytoplasm (cell interior):

E. Cytoplasm (cell interior)

1. Inside cell / outside of nucleus

2. Consists primarily of watery 

liquid (cytosol), various 

organelles, and dissolved 

molecules



Membranes are made from two layers of lipids:
Membrane proteins):

F. Membrane proteins

1. Most membranes have membrane proteins embedded in them.

2. Functions include regulating 

passage of materials, enzymatic

reactions, or anchoring the cell 

or its components.

3. Some proteins are fixed in place, 

while others float about within 

the phospholipid bilayer.



Membranes regulate the passage of materials:
Membranes and transport:

3.4) Membranes regulate the passage of materials.

CORE IDEA: Membranes regulate the movement of substances. Passive transport requires no energy 

as substances move along the concentration gradient, while active transport requires energy to move 

substances against the gradient.

A. Membranes and transport

B. Passive transport

C. Active transport

D. Movement of large quantities of material



Membranes regulate the passage of materials:
Membranes and transport:

A. Membranes and transport

1. Every living cell has a plasma membrane.

2. In eukaryotes, organelles are 

surrounded by membranes. 

a. Some organelles even have internal 

membranes.

3. Membranes are selectively 

permeable phospholipid bilayers

• This means that what is allowed either in or 

out of the cell is highly regulated



Membranes regulate the passage of materials:
Membranes and transport:

A. Membranes and transport

1. Every living cell has a plasma membrane.

2. In eukaryotes, organelles are 

surrounded by membranes. 

a. Some organelles even have internal 

membranes.

3. Membranes are selectively 

permeable phospholipid bilayers

• This means that what is allowed either in or 

out of the cell is highly regulated



DIFFUSION, GRADIENTS, AND OSMOSIS

 From Concentrated to Dispersed:

Constant movement and 

collisions between 

molecules cause them to 

gradually move away from 

each other.

Molecules that are very 

close together will have 

more collisions and will 

move more quickly away 

from each other than 

those that are further 

apart.



DIFFUSION, GRADIENTS, AND OSMOSIS

 From Concentrated to Dispersed:

Molecules that are 

concentrated have more 

energy than molecules 

that are dispersed!

THERE IS ENERGY IN A 

CONCENTRATION 

GRADIENT!

These 
molecules 
have 
more 
energy!

These 
molecules 
have less 
energy!



Membranes regulate the passage of materials:
Passive transport:

B. Passive transport

1. Substances move across a membrane from an area of higher concentration to 

an area of lower concentration.

a. Called “along” or “with” a concentration gradient

2. Requires no additional energy



Membranes regulate the passage of materials:
Passive transport:

B. Passive transport

1. Substances move across a membrane from an area of higher concentration to 

an area of lower concentration.

a. Called “along” or “with” a concentration gradient

2. Requires no additional energy

3. Types of passive diffusion

a. Simple Diffusion: movement of molecules along their 

concentration gradient (simple diffusion)

b. Osmosis: movement of water along its concentration 

gradient

c. Facilitated diffusion: transport of molecules through a 

transport protein



Membranes regulate the passage of materials:
Passive transport:

B. Passive transport

1. Substances move across a membrane from an area of higher concentration to 

an area of lower concentration.

a. Called “along” or “with” a concentration gradient

2. Requires no additional energy

3. Types of passive diffusion

a. Simple Diffusion: movement of molecules along their 

concentration gradient (simple diffusion)

b. Osmosis: movement of water along its concentration 

gradient

c. Facilitated diffusion: transport of molecules through a 

transport protein



Membranes regulate the passage of materials:
Passive transport:

B. Passive transport

1. Substances move across a membrane from an area of higher concentration to 

an area of lower concentration.

a. Called “along” or “with” a concentration gradient

2. Requires no additional energy

3. Types of passive diffusion

a. Simple Diffusion: movement of molecules along their 

concentration gradient (simple diffusion)

b. Osmosis: movement of water along its concentration 

gradient

c. Facilitated diffusion: transport of molecules through a 

transport protein



Membranes regulate the passage of materials:
Passive transport:

Comparing Different Concentrations

4. There are names for the conditions that describe how the inside of a cell 

relates to the outside of a cell

a. Concentration “in” and “out”  are the same = Isotonic

b. If one concentration is higher, that side is called = Hypertonic

c. If one concertation is lower, that side is called = Hypotonic

Conditions outside a cell →

Osmosis will always cause water to flow towards a 

hypertonic solution.  That is why saltwater will dehydrate 

and kill many types of animal cells



Membranes regulate the passage of materials:
Active transport:

C. Active transport

1. Substances move against a gradient from a less concentrated area to a more 

concentrated area.

2. Active transport always requires expenditure of energy (ATP).

3. The sodium-potassium (Na+/K+) pump is an example of active transport.

• This pump requires energy to 

pump Sodium (Na+) out of the cell 

and Potassium (K+) into the cell

• Both go against their 

concentration gradient – so they 

require an input of energy (ATP)



The nucleus houses DNA packaged as chromosomes:
The nucleus:

3.5) The nucleus houses DNA packaged as chromosomes.

CORE IDEA: The nucleus, surrounded by a nuclear envelope and containing DNA organized into 

chromosomes, directs the activities of the cell. Materials, such as RNA, can pass out of the nucleus 

via protein-lined pores.

A. The nucleus

B. Nuclear envelope 

C. Chromosomes



The nucleus houses DNA packaged as chromosomes:
The nucleus:

A. The nucleus

1. The most important difference between 

prokaryotic and eukaryotic cells is that eukaryotic 

cells contain organelles surrounded by 

membranes.

2. The most prominent membrane-enclosed 

organelle is the nucleus.

3. The nucleus houses most of the cell’s DNA as 

chromosomes.



The nucleus houses DNA packaged as chromosomes:
The nucleus:

A. The nucleus

1. The most important difference between 

prokaryotic and eukaryotic cells is that eukaryotic 

cells contain organelles surrounded by 

membranes.

2. The most prominent membrane-enclosed 

organelle is the nucleus.

3. The nucleus houses most of the cell’s DNA as 

chromosomes.



The nucleus houses DNA packaged as chromosomes:
Nuclear envelope:

B. Nuclear envelope 

1. The envelope is a double membrane.

2. The envelope consists of a phospholipid bilayer and associated proteins.



The nucleus houses DNA packaged as chromosomes:
Nuclear envelope:

B. Nuclear envelope 

1. The envelope is a double membrane.

2. The envelope consists of a phospholipid bilayer and associated proteins.

3. Nuclear pores control passage in and out of 

the nucleus.



The nucleus houses DNA packaged as chromosomes:
Nuclear envelope:

B. Nuclear envelope 

1. The envelope is a double membrane.

2. The envelope consists of a phospholipid bilayer and associated proteins.

3. Nuclear pores control passage in and out of 

the nucleus.

This is how mRNA (copy of a gene) can 

get out of the nucleus to guide protein 

synthesis



The nucleus houses DNA packaged as chromosomes:
Chromosomes:

C. Chromosomes (DNA inside the nucleus)

• Your DNA is made of 3 billion nucleotides (monomers) that are linked together

• A single DNA strand this long would be unmanageable

➢ Therefore, they are broken into smaller pieces called chromosomes



➢ What are the monomers that make up DNA?

➢ Nucleotides!  - There are 4 (G, A, T, C)

▪ DNA is a double helix

G pairs with C

A pairs with T



➢ What are the monomers that make up DNA?

➢ DNA is the blueprint to make proteins!



The nucleus houses DNA packaged as chromosomes:
Chromosomes:

C. Chromosomes (DNA inside the nucleus)

1. Chromatin is DNA and proteins.

2. A chromosome is compacted chromatin.

3. Each cell in the human body has 46 chromosomes. (2 x 23)

One set of 23 chromosomes 

come from your father, and 

another set of 23 come from 

your mother



The nucleus houses DNA packaged as chromosomes:
Chromosomes:

C. Chromosomes (DNA inside the nucleus)

1. A gene is a section of a chromosome that codes for a specific protein

• Genes carry information to assemble amino acids into protein



Several organelles participate in the production of proteins:
Overview of protein production:

3.6) Several organelles participate in the production of proteins.

CORE IDEA: DNA directs a cell’s activities through the production of proteins. RNA is made in the 

nucleus by transcription. RNA then travels to the ER and the ribosomes, where it is translated into 

proteins, which may be modified by the Golgi and transported in vesicles.

A. Overview of protein production

B. Endoplasmic reticulum (ER)

C. Ribosomes

D. Golgi apparatus

E. Vesicles



Several organelles participate in the production of proteins:
Overview of protein production:

A. Overview of protein production

1. DNA acts as the executive director controlling the functions of the cell.

2. Two steps:

a. Transcription is in the nucleus; results in production of RNA (mRNA).

i. Information in DNA is copied into RNA



Several organelles participate in the production of proteins:
Overview of protein production:

A. Overview of protein production

1. DNA acts as the executive director controlling the functions of the cell.

2. Two steps:

a. Transcription is in the nucleus; results in production of RNA.

i. Information in DNA is copied into mRNA

b. Translation is in the 

cytoplasm; mRNA is used by  

the ribosome to make 

proteins.

i. Information in mRNA is used to 

build a chain of amino acids



Several organelles participate in the production of proteins:
Overview of protein production:

A. Overview of protein production

a. Transcription: Information in DNA (gene) is copied into mRNA

b. Translation: Information in mRNA is converted into Amino Acids (protein)



Several organelles participate in the production of proteins:
Overview of protein production:

A. Overview of protein production

▪ DNA (genes) are inside the cell nucleus and can never leave

• DNA information is needed outside the nucleus to make proteins!

• There needs to be a 

way to get the DNA 

information to 

Ribosomes in the 

Cytoplasm



Several organelles participate in the production of proteins:
Overview of protein production:

A. Overview of protein production

1. Genes are copied (Transcription)



Several organelles participate in the production of proteins:
Overview of protein production:

A. Overview of protein production

2. mRNA (copy of a gene) is made in the nucleus



Several organelles participate in the production of proteins:
Overview of protein production:

A. Overview of protein production

3. mRNA leaves the nucleus and goes to the cytoplasm

4. Ribosomes in cytoplasm attach to mRNA

5. Ribosomes decode

mRNA to assemble 

proteins (translation)

6. Assembling proteins 

happens in the 

Rough Endoplasmic 

Reticulum



Several organelles participate in the production of proteins:
Overview of protein production:

A. Overview of protein production

7. Proteins travel to Golgi inside Transport Vesicles (guided by the cytoskeleton)

8. Golgi makes final modifications to proteins

9. Completed proteins 

travel to Plasma 

membrane in 

Transport Vesicles

10. Mature proteins are 

released from the cell



Several organelles participate in the production of proteins:
Endoplasmic reticulum (ER):

B. Endoplasmic reticulum (ER)

1. Network of membrane-enclosed passageways and sacs that touch the 

outside of the nuclear envelope and extend deep into the cytoplasm

2. Two kinds of ER:

a. Smooth ER contains enzymes that produce 

lipids.

b. Rough ER contains ribosomes that produce 

many kinds of proteins.



Several organelles participate in the production of proteins:
Endoplasmic reticulum (ER):

B. Endoplasmic reticulum (ER)

1. Network of membrane-enclosed passageways and sacs that touch the 

outside of the nuclear envelope and extend deep into the cytoplasm

2. Two kinds of ER:

a. Smooth ER contains enzymes that produce 

lipids.

b. Rough ER contains ribosomes that produce 

many kinds of proteins.

The Rough ER is the location where ribosomes 

assemble proteins to be exported from a cell



Several organelles participate in the production of proteins:
Ribosomes:

C. Ribosomes

1. These structures are what make proteins!

i. Ribosomes assemble amino acids to make proteins

2. Some are bound to rough ER, while others float free in the cytoplasm.



Several organelles participate in the production of proteins:
Ribosomes:

i. Free floating ribosomes make proteins for 

the cell to use.  These proteins are not

transported out of the cell

C. Ribosomes

1. These structures are what make proteins!

i. Ribosomes assemble amino acids to make proteins

2. Some are bound to rough ER, while others float free in the cytoplasm.



Several organelles participate in the production of proteins:
Golgi apparatus:

D. Golgi Complex

1. After a protein is made at a ribosome, some travel to the Golgi Complex.

2. Golgi complex modifies and tags them for shipping to other types of cells

3. One side receives vesicle of proteins, while the other side ships refined 

products out.



Several organelles participate in the production of proteins:
Vesicles:

E. Vesicles

1. These are small bubbles made of membrane.

2. They are used to transport materials through the cell.

3. Lysosomes are a type of vesicle containing digestive enzymes.

✓ Lysosomes break large 

molecules (polymers) into smaller 

molecules (monomers)

✓ Lysosomes are like recycling 

centers in a cell!



Chloroplasts and mitochondria provide energy to the cell:
Chloroplasts:

3.7) Chloroplasts and mitochondria provide energy to the cell.

CORE IDEA: Chloroplasts use CO2 and water to capture the energy of sunlight and store it as 

chemical energy in molecules of sugar. Mitochondria use oxygen to convert the chemical energy 

stored in molecules of sugar to ATP.

A. Chloroplasts

B. Mitochondria (mitochondrion)



Chloroplasts and mitochondria provide energy to the cell:
Chloroplasts:

A. Chloroplasts

1. Only plants and some algae contain chloroplasts.

2. Chloroplasts are organelles responsible for photosynthesis.



Chloroplasts and mitochondria provide energy to the cell:
Chloroplasts:

A. Chloroplasts

1. Only plants and some algae contain chloroplasts.

2. Chloroplasts are organelles responsible for photosynthesis.



Chloroplasts and mitochondria provide energy to the cell:
Chloroplasts:

A. Chloroplasts

3. In photosynthesis, the energy of sunlight is captured and used to create 

sugars

a. CO2 + H2O + sunlight → sugar + O2

4. This requires a supply of water (H2O) 

and carbon dioxide (CO2).



Chloroplasts and mitochondria provide energy to the cell:
Chloroplasts:

A. Chloroplasts

5. Photosynthesis releases oxygen gas (O2) as a waste product.



Chloroplasts and mitochondria provide energy to the cell:
Mitochondria (mitochondrion):

B. Mitochondria (mitochondrion)

1. These are found in nearly all eukaryotic cells (plants and animals).

2. A series of enzymes perform cellular respiration.

a. Sugar + O2 → CO2 + H2O + ATP

Mitochondria are like a power plant inside cells!

They convert energy in sugar into usable 

energy (ATP) in the cell



Chloroplasts and mitochondria provide energy to the cell:
Mitochondria (mitochondrion):

B. Mitochondria (mitochondrion)

1. These are found in nearly all eukaryotic cells (plants and animals).

2. A series of enzymes perform cellular respiration.

a. Sugar + O2 → CO2 + H2O + ATP



Chloroplasts and mitochondria provide energy to the cell:
Mitochondria (mitochondrion):

B. Mitochondria (mitochondrion)

1. These are found in nearly all eukaryotic cells (plants and animals).

2. A series of enzymes perform cellular respiration.

a. Sugar + O2 → CO2 + H2O + ATP

3. Cellular respiration uses oxygen to harvest 

chemical energy from sugar.

4. Harvested energy is stored as ATP.



Various cellular structures provide storage, movement, and 

shape:

3.8) Various cellular organelles provide storage, movement, and shape.

CORE IDEA: Various structures within and outside of cells provide storage, movement, and shape.

C. Cell walls

D. Cytoskeleton



Various cellular structures provide storage, movement, and 

shape:
Cell walls:

C. Cell walls

1. These are found in plants, fungi, and 

some protists.

2. In plants, cellulose makes up the cell 

wall.

3. The cell wall provides protection, 

maintains the shape of the cell, and 

provides stiffness to leaves.



➢ What kind of molecule is cellulose?

➢ Cellulose is a Complex Carbohydrate

▪ Cellulose provides structural support for plants



Various cellular structures provide storage, movement, and 

shape:
Cytoskeleton:

D. Cytoskeleton

1. It is found in animal cells.

2. It is a network of protein fibers that provide mechanical support, anchorage, 

and reinforcement.

3. It also provides a track for vesicles to move along.

• Transport vesicles travel from the Rough 

Endoplasmic Reticulum to the Golgi by 

following ‘tracks’ of cytoskeleton!



Various cellular structures provide storage, movement, and 

shape:
Cytoskeleton:

D. Cytoskeleton

1. It is found in animal cells.

2. It is a network of protein fibers that provide mechanical support, anchorage, 

and reinforcement.

3. It also provides a track for vesicles to move along.

• Transport vesicles travel from the Rough 

Endoplasmic Reticulum to the Golgi by 

following ‘tracks’ of cytoskeleton!


