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What Is Life? 
 Characteristics of Living Things https://youtu.be/EmEAX66CJKA 
  All living things have cellular organization, contain similar chemicals, use energy, 
  respond to their surroundings, grow and develop, and reproduce. 

Cellular Organization 
The cell is the basic unit of structure and function in an organism. 

Unicellular organisms are single-celled. 
Multicellular organisms have many cells that are specialized. 

The Chemicals of Life 
The most abundant and important is water. 
The main energy source is carbohydrates. 
The main building materials are proteins and lipids. 
Genetic materials are nucleic acids. 

Energy Use 
An organism’s cells are always hard at work. 

Response to Surroundings 
Stimulus is a change in an organism’s surroundings. 
Response is a change in behavior; a reaction to stimulus. 

Growth and Development 
Growth is the process of becoming larger. 
Development is the process of change to produce a more complex   

 organism. 
Reproduction 

Reproduction is the process of producing offspring that are    
 similar to the parents. 
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Constructing a Concept Map of the Characteristics of Life 

I can work in a group to construct a concept map of the characteristics of life that 
demonstrates our knowledge of the attributes and criteria used by biologists to evaluate 
life. 

Brainstorming Phase: 

Identify facts, terms, and ideas that you think are in any way associated with the topic. 
Make a list of these items and enter them in small shapes on your Pages document - one 
per shape in very brief form (i. e. a single word or short phrase). 
This is a brain-storming process, so write down everything that anybody in your group 
thinks is important. Don't worry about redundancy, relative importance, or relationships 
at this point. 
Your objective here is to generate the largest possible list you can. Before your group 
completes this step, you may have more than 50 items. 
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Organizing Phase: 

View your concepts recorded in the shapes on your Pages document. 
Move your shapes within the document to create groups and sub-groups of related items. 
Place your CENTRAL THEME in the middle of the terms. For this project, the theme of 
the map is LIFE CHARACTERISTICS. 
Try to group items to emphasize relationships. Feel free to rearrange items and 
introduce new items that you omitted initially. 
Note that some concepts will fall into multiple groupings. 

Linking Phase: 

Use lines with arrows to connect and show the relationship between connected items. 
Arrows should only go one way. 
Write a word or short phrase by each arrow to specify the relationship. Each arrow 
should have a linking phrase attached to it. 
Many arrows can originate or terminate on particularly important concepts. 
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Example of a Concept Map 
On Concept Maps A Concept Map

Organize 
Information

Two Important 
Components

Vocabulary Ideas Linking words

Helps to 
integrate new 

words into 
prior 

knowledge

Show 
relationships 
between the 

ideas

Major Topics

Subtopics

Describe 
relationships 

between 
concepts

Can be used as
Contains

Such as Such as The other isOne is

ThatThat That branch toWhich
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Concept Map Grading Rubric

  Rarely (1) Sometimes (2) Frequently (3) Extensively (4)

Overall The concept map 
does not seem to 
have a focus. 

The purpose of the 
concept map is not clear. 
Few characteristics of life 
are represented. 

The concept map has a 
focus, though it is 
somewhat disjointed or 
difficult to decipher. 
Most characteristics of 
life are represented. 

The concept map clearly 
has a focus and a purpose. 
A casual viewer would 
understand what the map 
is trying to convey. All 
characteristics of life are 
represented as seen in 
your text or notes. 

Terms Very few relevant 
terms present.

Not enough terms are 
used to show clear 
relationships and purpose 
or many terms are 
irrelevant.

Extensive use of terms, 
a few obvious points 
missing, or irrelevant 
terms present.

An extensive use of terms 
and vocabulary used in the 
map. Terms are relevant.

Links Many links not 
clear and 
unlabeled. 
Failure to show 
relationships.

Some links not clear or 
unlabeled. Relationships 
between ideas poorly 
established.

Links show the 
relationships between 
concepts. A few terms 
have more than one 
link present.

Links clearly show the 
relationships between 
concepts. Most of the 
concepts have more than 
one link present.

Technical   Map somewhat difficult to 
follow. Organization poor 
or impossible to follow.

Map easy to read and to 
follow. Organization 
fair. 

Map easy to read and to 
follow. Organization good. 
No grammar or spelling 
errors. 



 Life Comes from Life 
  Living things arise from living things through reproduction. 

Redi’s Experiment 
Francesco Redi lived during the 1600’s and helped disprove the   

 theory of spontaneous generation. 
In covered jars, meat produced no maggots. 
In uncovered jars, maggots hatched on the meat. 
Rotting meat does not produce flies. Flies produce other flies. 

Pasteur’s Experiment 
Louis Pasteur lived during the 1800’s. 

He demonstrated that new bacteria appeared in broth only 
when they were produced by existing bacteria. Heated 
broth would not grow new bacteria. He helped develop the process  

 named after him, pasteurization. 

 7



 The Needs of Living Things 
  All living things must satisfy their basic needs for water, food, living space, and  
  stable internal conditions. 
   Water is used by organisms to obtain chemicals, break down food, grow,  
   move substances, and reproduce. 
   Food is needed by organisms as a source of energy to live. 
    Autotroph is a “self feeder”. Its energy source is the sun. 
    Heterotroph is an “other feeder”. It feeds on other organisms. Its   
    energy source is also the sun but in an indirect way. 
   Living Space is a place where an organism gets food and water and finds  
   shelter. 
   Stable Internal Conditions are called Homeostasis. 
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Being Alive Colors 

● - Black 
★ - Gray 
A - Tan 
B - Green 
C - Dark Brown 
D - Mahogany 
E - Red 
F - Blue 
G - Yellow 
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An Overview of Cells 
 Cells are the basic units of structure and function in living things. 
 Structures of living things are determined by the amazing variety of ways in which  
 cells are put together. http://askabiologist.asu.edu/explore/building-blocks-life 
 Functions of an organism are processes enabling it to stay alive and reproduce. 
 Many and Small 
 First Observations of Cells 

The invention of the microscope made it possible for people to discover and learn 
 about cells. 

Robert Hooke used his microscopes to observe the structure of a thin slice of  
 cork. He called the empty spaces cells, meaning “small rooms”. 

http://askabiologist.asu.edu/content/robert-hooke 
http://www.history-of-the-microscope.org/robert-hooke-microscope-history-

micrographia.php 
Anton van Leewenhoek developed his own microscopes and found a    

 variety of one-celled organisms. He called these moving organisms diertgens or  
 diertje, meaning “little animals”. 
 http://www.history-of-the-microscope.org/anton-van-leeuwenhoek-
microscope-history.php 

 Developing the Cell Theory 
 https://youtu.be/dscY_2QQbKU 
 https://youtu.be/4OpBylwH9DU 
  Schleiden concluded that all plants are made of cells. 
  Schwann concluded that all animals are also made up of cells. 
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  Thus, all living things are made up of cells. 
  Virchow proposed that new cells are formed only from cells that already exist.  
  “All cells come from cells.” 

  What the Cell Theory Says: 
♦ All living things are composed of cells. 
♦ Cells are the basic units of structure and function in living 

things. 
♦ All cells are produced from other cells. 

Looking Inside Cells 
http://askabiologist.asu.edu/content/cell-parts 
http://askabiologist.asu.edu/biology-bits/cell-parts-bits 
 Organelles are smaller structures inside a cell that carry out specific functions. 
  Cell Wall is a rigid layer of non-living material (cellulose) that helps protect  
  and support the cell. 
  Cell Membrane surrounds all cells. It controls what goes into and out of the  
  cell. 
  Nucleus directs all of the cell’s activities. 
   Nuclear Envelope is a membrane surrounding the nucleus; it controls  
   what materials pass in and out of nucleus through pores. 
   Chromatin is strands containing genetic material or instructions directing  
   the cell’s functions. 
   Nucleolus dark region in the nucleus where ribosomes are made. 

 11

http://askabiologist.asu.edu/content/cell-parts
http://askabiologist.asu.edu/biology-bits/cell-parts-bits


  Cytoplasm is that part of the cell between the cell membrane and the nuclear  
  envelope. It is the jelly-like substance in a cell that contains the  hyaloplasm,   
  organelles, and inclusions, but not including the nucleus. In cells that do not have 
  a well-defined nucleus, the cytoplasm is simply everything enclosed by the cell  
  membrane. 

Hyaloplasm (cytosol) is the clear, fluid portion of the cytoplasm. It   
 contains  water, minerals, ions, amino acids, sugars, etc. 

   Mitochondria converts energy in food molecules to energy the cell can  
   use to carry out functions. 
   Endoplasmic Reticulum has passageways that carry proteins and   
   other materials from one part of the cell to another. 

Ribosomes function as factories to produce proteins. 
Golgi Apparatus receive proteins and other newly formed materials   

 from the endoplasmic reticulum , package them, and distribute them to   
 other parts of the cell. 

Chloroplasts capture energy from sunlight and use it to produce food   
 for the cell. 

Vacuoles are the storage areas of cells. 
Lysosomes are small, round structures containing chemicals that    

 break down certain materials in the cell. 
  Specialized Cells 
   In many-celled organisms, cells are often organized into tissues, organs, and  
   organ systems. Examples: nerve cells, blood cells. 
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Animal Cell Colors 

● - Black 
★ - Black 
A - Golden Yellow 
C - Brown 
D - Black 
E - Light Brown 
F - Do Not Color 
G - Violet 
H - Light Blue 
I - Aqua Green 
J - Yellow 
K - Orange 
L - Pink 
M - Yellow 
N - Do Not Color 
O - Blue 
P - Red Orange 
Q - Peach 
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Plant Cell Colors 

● - Black 
★ - Black 
A - Golden Yellow 
B - Light Green 
C - Light Green 
D – Orange 
E - Red Orange 
F - Green 
G - White 
H - Red 
I - Light Blue 
J - Blue 
K - Red Orange 
L - Violet 
M - Yellow 
N - Yellow 
O - Pink 
P - Yellow 
Q - Peach 
R - Tan 
S - Brown 
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Looking Inside Cells 
 
Identify each of the cell structures 
in the figure (right). 
1. ___________________ 

2. ___________________ 
3. ___________________ 

4. ___________________ 
5. ___________________ 

Fill in the blank to complete each 
statement below. 

6. _________________ are tiny cell structures that carry out specific functions within 
the cell. 

7. The rigid layer of nonliving material that surrounds the cells of plants and other 
organisms is called the _________________. 

8. In cells without cell walls, the _________________ forms the outside boundary that 
separates the cell from its environment. 
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9. The ________________ is a large, oval structure that directs all of the cell’s 
activities. 

10.___________________ produce most of the energy the cell needs to carry out its 
functions. 

11. A maze of passageways called the ________________________ carries proteins 
and other materials from one part of the cell to another. 

12.___________________ function as factories to produce proteins. 
13.___________________ receive proteins and other newly formed materials and 

distribute them to other parts of the cell. 
14.Organelles called _________________ capture energy from sunlight and use it to 

produce food for the cell. 
15.The storage area of the cell is called a(n) ___________________. 
16.__________________________ are small, round structures in cells that break 

down large food particles into smaller ones. 
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Cell Lab 

Question: Which cell parts can be observed in plant and animal cells? 

Hypothesis: Name four cell parts that you think are big enough to see with a compound 
light microscope. 

a) ______________________  b) ______________________ 

c) ______________________  d) ______________________ 

Methods: 
1. Get the two slides from your tray. 
2. Get two coverslips from your tray. 
3. Make wet mount slides according to these directions: 

Onion Cell: 
a) Peel the thin inner skin from an onion piece (use the forceps). 
b) Spread the onion skin in the center of the slide so that it lies flat. 
c) Instead of water, put two drops of methylene blue on the onion skin. 
d) Carefully place the coverslip on top of the onion skin. Do not push on it with your 

fingers. 
e) If the coverslip is floating and moving, hold a corner of paper towel to the liquid 

around the edge of the coverslip to soak it up. 
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Cheek Cell: 
a) Place two drops of methylene blue in the center of the slide. 
b) Gently rub the inside of your cheek with one end of a toothpick. 
c) Place the used end of the toothpick in the methylene blue and stir. 
d) Throw the toothpick into a trash. 
e) Carefully place the coverslip on the methylene blue. Do not push on it with your 

fingers. 
f) If the coverslip is floating and moving, hold a corner of paper towel to the liquid 

around the edge of the coverslip to soak it up. 

Data: 
1. Using a microscope, get the onion skin in focus under low power. Center it, and 

change to medium power. Use the fine adjustment to focus. 
2. Move the slide so that the tip of the pointer is in the middle of a blue cell (they look 

somewhat like little boxes). Change to high power and focus using the fine 
adjustment. 

3. Draw one onion cell in the circle. 
4. Write next to your drawing the total magnification you were 

using. 
5. Label these cell parts on your drawing: nucleus, nuclear 

membrane, hyaloplasm, cell membrane, cell wall. 
6. Clean off, dry, and return the slide and coverslip to the tray. 
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7. Using a microscope, get the cheek cells in focus under low power 
(they look like tiny blue dots). Center a clump of cells and 
change to medium power. Use the fine adjustment to focus. 

8. Move the slide so that the pointer is pointing to a single blue 
cell (each cell looks something like a blue fried egg). Change 
to high power and focus using the fine adjustment. 

9. Draw one cheek cell in the circle. 
10.Write next to your drawing the total magnification you were 

using. 
11. Label these cell parts on your drawing: nucleus, nuclear membrane, 

hyaloplasm, cell membrane. 
12.Clean off, dry, and return the slide and coverslip to the tray. 
13.Return all equipment and answer the conclusion questions. 
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Conclusion – Restate the questions and answer questions in 
complete sentences. 
1. Which cell parts that you named in your hypothesis were you actually able to see? 

____________________________________________________________
____________________________________________________________ 

2. What are the differences between the onion cell and the cheek cell? 
____________________________________________________________
____________________________________________________________
____________________________________________________________
____________________________________________________________
____________________________________________________________ 

3. Which cell (cheek or onion) is the animal cell?  How can you tell? 
____________________________________________________________
____________________________________________________________ 

4. Why couldn’t you see all the cell parts we learned about? 
____________________________________________________________
____________________________________________________________
____________________________________________________________ 

5. Why was it necessary to stain the cells with methylene blue? 
____________________________________________________________
____________________________________________________________ 
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Cell Processes and Energy 
Chemical Compounds in Cells 

Elements and Compounds 
http://askabiologist.asu.edu/content/ingredients-life 

Element is any substance that cannot be broken down into a simpler   
 substance. 

   Compound is made up of two or more elements combined chemically. 
   The Compound Called Water 
   A water molecule is made up of two hydrogen atoms and one oxygen atom.  
   Most chemical reactions within cells could not take place without water. 
    Helps cells keep size and shape. 
    Helps keep temperature of cells from changing rapidly. 
   Organic and Inorganic Compounds 
   Organic compounds contain carbon. Compounds that don’t contain   
   carbon are inorganic compounds. 
   Carbohydrates 
   Energy-rich organic compounds made of the elements carbon, hydrogen,  
   and oxygen. Sugars and starches are carbohydrates. Sugars are produced  
   in plants, examples are grains and potatoes. Sugar molecules can combine to  
   make larger molecules called starches (complex carbohydrates). Your body  
   breaks starch down into glucose (a sugar). Cells use glucose to produce   
   energy. Cellulose (carbohydrate) makes up cell walls. 
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Lipids 
Energy-rich organic compounds made of carbon, hydrogen, and oxygen.  

 Contain even more energy than carbohydrates. Cells store energy in lipids.  
 Fats, oils, and waxes are lipids. Cell membranes are made mainly of lipids. 

   Proteins 
   Large organic molecules made of carbon, hydrogen, oxygen, nitrogen, and, in 
   some cases, sulfur. Meat, eggs, fish, nuts, and beans contain proteins. 
    Structure of Proteins 
     Made up of smaller molecules called amino acids. There are 20 

common amino acids that combine in different ways to form 
thousands of different proteins. The kinds and order of 
amino acids determine the type of protein. 

    Functions of Protein 
     They make up many parts of cells. 
     Enzyme is a type of protein that speeds up a chemical 
     reaction in a living thing. Enzymes in saliva break down starches  
     into sugars in your mouth. 
   Nucleic Acids are very long organic molecules made of carbon, oxygen,  
    hydrogen, nitrogen, and phosphorus. They contain instructions to carry  
    out all functions of life. 
    Deoxyribonucleic Acid (DNA) is genetic material that carries   
    information about the organism, passed from parent to offspring. It  
    directs the cell’s functions. Chromatin in the nucleus. 
    Ribonucleic Acid (RNA) Codes the production of proteins in the   
    cytoplasm and nucleus. 
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Chemical Compounds in Cells 

Fill in the blanks in the table below. 

Organic Compounds

Type of 
Compound Example Major Roles in Living Things

Carbohydrates 1.  _________ Help form cell walls and membranes; provide 
energy

2.  __________ Fats Help form cell membranes; 
3.  ______________________

4.  __________ Enzymes Help form cell membranes and organelles; 
speed up chemical reactions

5.  __________ DNA Direct all the cell’s functions; 
6.  ______________________
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Match each term with its definition by writing the letter of the correct 
definition in the blank beside the term. 

7. element  ____ 

8. compound  ____ 
9. carbohydrate  ____ 

10. proteins  ____ 
11. amino acids  ____ 

12. enzyme  ____ 
13. lipid  ____ 

14. nucleic acids  ____ 
15. DNA  ____ 

16. RNA  ____ 

a. Type of nucleic acid that plays an important role in 
the production of proteins 

b. Type of nucleic acid that passes from parent to 
offspring and directs all the cell’s functions 

c. Very large organic molecules made of carbon, 
oxygen, hydrogen, nitrogen, and phosphorus 

d. Large organic molecules made of carbon, hydrogen, 
oxygen, nitrogen, and in some cases, sulfur 

e. Small molecules that make up proteins 
f. The chemical combination of two or more elements 
g. Type of protein that speeds up chemical reactions in 

living things 
h. Any substance that cannot be broken down into 

simpler substances 
i. An energy-rich organic compound such as sugar 
j. An energy-rich organic compound such as fat 
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The Cell in Its Environment 
  The cell membrane is selectively permeable – some substances can pass  
  through while others cannot. 
  Passive Transport does not require the cell’s energy to move materials through 
  cell membrane. Passive transport includes diffusion and osmosis. 

 Diffusion takes place when small molecules move across a cell membrane  
  from high concentration to low concentration. 

 What Causes Diffusion? Molecules are always moving; they bump  
 into one another. 
 Diffusion of Oxygen 
 One-celled organisms get the oxygen they need from the water around  
 them by diffusion. 

   Osmosis is the diffusion of water molecules through a selectively   
   permeable membrane. Many cellular processes depend on osmosis. Water  
   molecules move through the membrane from high concentration to low   
   concentration. Osmosis can cause even our red blood cells to shrink or swell  
   if concentration of water changes. 
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  Active Transport is the moving of materials through a cell membrane using  
  cellular energy. 
   Transport Proteins 
    Transport proteins in a cell membrane “pick up” molecules and 

carry them into or out of the cell, using energy. Calcium, potassium,  
 sodium. 

   Transport by Engulfing 
    Cell membrane surrounds and engulfs particle. Particle forms a 

vacuole within the cell. Energy used in this process. 
  Why Cells Are Small 
   Molecules are carried by a stream of moving cytoplasm (cytoplasmic   
   streaming). In a large cell the stream must travel farther. It would take too  
   long to move needed materials to parts of the cell and for wastes to be   
   removed. If a cell becomes too large, the cell could not function well enough  
   to survive. 
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Diffusion, Osmosis, and Active Transport 

1. The cell membrane is __________  __________________, which means that 
some substances can pass through it while others cannot. 

2. List two ways that substances can move into and out of a cell. 
- ______________________________ 
- ______________________________ 

3. In ______________, molecules move from an area of ___________ 

concentration to an area of ___________ concentration. 
4. Draw molecules on Part B of the diagram below to show how the molecules are 

distributed inside and outside the cell after diffusion has occurred. 
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5. In ___________________, water molecules diffuse through a selectively 

permeable membrane. 
6. Moving materials through a cell membrane without using energy is _____________ 

transport. 
7. List two ways that the moves things through its membrane using energy. 

- ______________________________________________________ 
- ______________________________________________________ 

8. Is the following sentence true or false? As a cell gets larger, it takes longer for a 
molecule that has entered the cell to reach the middle of the cell. Explain why you gave 

this answer. 
____________________________________________________________ 

____________________________________________________________
____________________________________________________________

____________________________________________________________
____________________________________________________________ 
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Osmosis Demonstration 
Hypothesis 
1. Hypothesis 1: What will happen to potato soaked in salt water overnight? 
2. Hypothesis 2: What will happen to potato soaked in water overnight? 
Day 1 Salt Water: 
1. Measure 5mL of salt using a 25mL graduated cylinder.  Pour salt into the beaker 

marked “salt water”. 
2. Measure 65mL of water using the 100mL graduated cylinder and pour it into the 

beaker.  Swirl the beaker to mix the salt and water. 
3. In the chart marked Potato in Salt Water: Day 1, write the width of the four sides of the 

potato cube to the nearest 0.1 cm. 
4. Record in your chart the potato’s mass to the nearest 0.1 g. 
5. Place the potato cube in the salt water. 
Day 1 Plain Water: 
1. Measure 65mL of water using the 100mL graduated cylinder and pour it into the 

beaker. 
2. In the chart marked Potato in Plain Water: Day 1, write the width of the four sides of 

the potato cube to the nearest 0.1 cm. 
3. Record in your chart the potato’s mass to the nearest 0.1 g. 
4. Potato cube placed in the water in the baby food jar. 
5. We will measure the potato cube again tomorrow. 

Take the same measurements of the potato cubes again tomorrow. 
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Conclusion 
What happened to the potato’s cells in the salt water? 
______________________________________________________________ 
What happened to the potato’s cells in the plain water? 
______________________________________________________________ 

Hypothesis 1

Hypothesis 2

Salt Water Side 1 Side 2 Side 3 Side 4 Mass

Day 1
Day 2

Plain Water Side 1 Side 2 Side 3 Side 4 Mass

Day 1
Day 2
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Photosynthesis 
 Greek photo means “light”, and synthesis means “putting together”. Nearly all living  
 things obtain energy either directly or indirectly from the energy of sunlight captured  
 during photosynthesis. 
   Autotroph is an organism that makes its own food. 
   Heterotroph is an organism that obtains food by eating other organisms.  
 Two Stages of Photosynthesis 
 During photosynthesis, plants and some other organisms use energy from    
 the sun to convert carbon dioxide and water into oxygen and sugars. 
  Stage 1: Capturing the Sun’s Energy 
   In plants it occurs mostly in leaves. 
   Pigment is a colored chemical compound that absorbs light. 
   Chlorophyll is the main photosynthetic pigment in chloroplasts. Captures  
   light energy and uses it to power the second stage. 
  Stage 2: Using Energy to Make Food 
   The cell needs two raw materials: water (H2O) and carbon dioxide (CO2).  
   Roots absorb water; it travels up the stems to leaves. Carbon dioxide enters  
   through small openings on underside of leaves called stomata (stoma,   
   singular). Inside chloroplasts, water and carbon dioxide undergo a complex  
   series of chemical reactions powered by energy from stage 1. One product of  
   reactions is sugars (C6H12O6) other product is oxygen (O2) which exits   
   through stomata. Oxygen in Earth’s atmosphere produced by living things  
   through photosynthesis. 
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The Photosynthesis Equation 

              Light Energy 
    6 CO2  +  6 H2O                              C6H12O6  +  6 O2 
                       (yields) 

   Plant cells use some of the sugar for food; some converted to compounds  
   such as cellulose; some stored for later use. We eat plant’s stored energy. 

Respiration is the process by which cells obtain energy from glucose. Cells break down 
simple sugar molecules and release energy they contain. 
 Storing and Releasing Energy 
  Plants save energy in sugar and starch molecules. Our cells save it     
  in fat molecules. When energy is needed, cells break these       
  molecules down in the process of respiration. 
 Breathing and Respiration 
  Respiration can mean “breathing”. Cellular Respiration is the      
  combining of oxygen and food molecules to break them down and     
  release energy. 
 The Two Stages of Respiration 
  Stage 1: Takes place in the cytoplasm. Glucose is broken down. There is some  
  energy release, and no oxygen is involved. 
  Stage 2: Takes place in the mitochondria. The smaller parts of glucose    
   are broken down to even smaller parts. Oxygen is required for these   
   chemical reactions. A great deal of energy is released. 
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    The Respiration Equation 
 
    C6H12O6  +  6 O2                              6 CO2  +  6  H2O  +  energy 
    sugar     oxygen         carbon dioxide       water 

 Comparing Photosynthesis and Respiration 
  The respiration equation is just the opposite of the photosynthesis equation.   
  Together these two processes form a cycle. 

Fermentation is an energy releasing process that does not require oxygen. The 
amount of energy released from sugar during fermentation   is much lower 
than during respiration. 

  Alcoholic Fermentation 
   Yeast and other single-celled organisms break down sugars. 
   Alcohol is one of the products, also carbon dioxide and small amounts of  
   energy. Important to bakers and brewers. 
  Lactic Acid Fermentation 
   Takes place inside your body. Muscle cells use up oxygen faster    
   than it can be replaced. Fermentation supplies your cells with     
   energy. The product is lactic acid; this makes muscles feel weak and   
   sore. 
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Cellular Respiration 

Fill in the blanks in the table below. Then answer the questions that follow in the spaces 
provided. 

6. Where in the cell does the first stage of respiration take place? 
____________________________________________________________
____________________________________________________________ 

7. Where in the cell does the second stage of respiration take place? 
____________________________________________________________
____________________________________________________________ 

8. How does fermentation differ from respiration? 
____________________________________________________________
____________________________________________________________
____________________________________________________________ 

Cellular Respiration

Raw Materials Products
1. 3.

2. 4.

5.
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9. Which type of fermentation occurs in yeast? 
____________________________________________________________
____________________________________________________________ 

10. Which type of fermentation sometimes occurs in human muscle cells? 
____________________________________________________________
____________________________________________________________ 

If the statement is true, write true.  If it is false, change the underlined word to make it 
true. 
____________ 11. The process by which cells “withdraw” energy from glucose is called 
photosynthesis. 
______________________________________________________________
______________________________________________________________ 

____________ 12. Respiration provides energy for cells without using oxygen. 
______________________________________________________________
______________________________________________________________ 
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History of Fermentation 
 People have known about and used fermentation for thousands of years.  However, it 
has been only in the past two hundred years that scientists have come to understand this 
important process.  In 1854, the French chemist Louis Pasteur determined that 
fermentation is caused by yeast.  His work was influenced by the earlier work of Theodor 
Schwann, the German scientist who helped develop the cell theory.  Around 1840, 
Schwann concluded that fermentation is the result of processes that occur in living things.  
In 1907, a German chemist named Eduard Buchner received the Nobel Prize for showing 
that enzymes in yeast cells cause fermentation.  About two decades later, two other 
scientists determined exactly how enzymes cause fermentation.  Their names are Arthur 
Harden and Hans Euler-Chelpin, and they won the Nobel Prize for their work in 1929.  By 
the 1940s, technology was developed to use fermentation to produce antibiotics. 
 Why is understanding fermentation so important that it has led to the awarding of 
Nobel Prizes?  Fermentation is a very useful process.  Today it is used to produce 
industrial chemicals, medicines such as antibiotics, and alcoholic beverages, as well as to 
make bread rise and to preserve many types of food.  Some of these uses have been known 
for thousands of years.  For example, the Chinese used fermented soybean curd to treat 
skin infections 3,000 years ago, and they started using fermented tea to treat a variety of 
illnesses as early as 220 B. C.  The use of fermentation to make bread rise and to produce 
alcoholic beverages is as old as the development of agriculture itself, which most scholars 
date to about 8,000 B.C. 
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1. Use the information provided in the passage above to make a timeline of the history of 
fermentation. 

2. What contribution did Louis Pasteur make to the understanding of the process of 
fermentation? 

____________________________________________________________
____________________________________________________________
____________________________________________________________ 

3. What are two of the oldest uses of fermentation? 
____________________________________________________________
____________________________________________________________ 

4. How is fermentation used in medicine today? 
____________________________________________________________
____________________________________________________________
____________________________________________________________ 
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Cell Division 
http://askabiologist.asu.edu/content/cell-division 
https://youtu.be/ofjyw7ARP1c 
 Stage 1: Interphase 
  The cell grows, makes a copy of its DNA, and prepares to divide into two cells. 
  Growing 
  The cell makes new ribosomes, produces enzymes, makes copies     
  mitochondria and chloroplasts. 
  Copying DNA 
  Replication, making an exact copy of the DNA takes place in the nucleus. 
  Preparing for Division 
  The cell produces structures that it will use to divide into two new cells. 
 Stage 2: Mitosis 
  During mitosis, one copy of the DNA is distributed into each of the two    
  daughter cells. 
  Scientists divide mitosis into four parts: 
  Prophase 
  The threadlike chromatin condenses to form double-rod structures called   
  chromosomes. Each identical rod is called a chromatid. They are held together by 
  a centromere. 
  Metaphase 
  The chromosomes line up across the center of the cell. Each chromosome   
  attaches to a spindle fiber at its centromere. 
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  Anaphase 
  The centromeres split. Two chromatids separate. One chromatid is drawn by its  
  spindle fiber to one end of the cell. The other chromatid is drawn to the opposite  
  end. The cell stretches out. 
  Telophase 
  The chromosomes begin to stretch out and lose their rod-like appearance. A new  
  nuclear envelope forms around each region of chromosomes. 

Stage 3: Cytokinesis 
 During cytokinesis, the cytoplasm divides. The organelles are distributed into  
 each of the two new cells. Cytokinesis begins about the same time as telophase.  
 The two new cells have the same number of chromosomes as the parent cell. The  
 two new cells enter interphase; the cycle begins again. 
 Cytokinesis in Animal Cells 
 The cell membrane squeezes together around the middle of the cell. Each   
 daughter cell gets about half of the organelles. 
 Cytokinesis in Plant Cells 

The rigid cell wall cannot squeeze together in the same way that the cell    
membrane can. A cell plate forms across the middle of the cell and develops   
into new cell membranes between the daughter cells. The new cell walls form  
around the new cell membranes. 
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Cell Division Colors 

● - Black 
★ - Light Blue 
A - Pink 
B - Peach 
C - Green 
D - Yellow 
E - Orange 
F - White 
G - Blue 
H - Black 
I - Gray 
J - Red 
K - Violet 
L - Aqua Green 
Arrows - Golden Yellow 
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Mitosis Exercise 

Part 1:  Cut out the cells at the bottom of the page and paste them into the 
places where they belong. 

A. Match the diagrams below to the names of the stages. 
 

Interphase           Prophase             Metaphase           Anaphase            Telophase 
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B. Match the diagrams to the events taking place. 

Chromosomes split. Chromatids separate. 

 

New nuclear envelopes form. 

 

Double-rod structures form. 

 

Replication. DNA is copied. 

 

Chromosomes line up across the center of the cell. 
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Part 2:  Use these terms to complete the sentences: 
anaphase, centriole, chromosomes, daughter cells, metaphase, parent cell, centromere, 
prophase, telophase, cytokinesis. 

11. New cell membranes and cell walls form during ________________. 

12. New nuclear envelopes form during ________________. 
13. The cell that divides is called a ________________. 

14. Threadlike chromatin condenses to form double-rod structures called 
________________. 

15. Replication takes place during ________________. 
16. The chromosomes line up across the center of the cell during ________________. 

17. A tiny round structure found just outside the nucleus is called a 
________________. 

18. Cells that form during cell division are called ________________. 
19. A pair of chromatids is held together by a ________________. 

20.Chromatids separate and move to opposite sides during ________________. 
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Structure and Replication of DNA 
 In 1952, Rosalind Franklin photographed DNA molecules using x-ray method. In  
 1953, James Watson and Francis Crick used these photographs to figure out the  
 structure of DNA. The structure of DNA looks like a twisted ladder or spiral   
 staircase. The two sides are made up of molecules of sugar called deoxyribose,  
 alternating with molecules known as phosphates. Each rung is made up of a pair  
 of molecules called nitrogen bases. They contain the element nitrogen and other  
 elements. DNA has four kinds of nitrogen bases: adenine, thymine, guanine, and  
 cytosine (A, T, G, C). Bases on one side pair with bases on the other side. 

Adenine only with Thymine 
Guanine only with Cytosine 

The Replication Process 
Two sides of the DNA molecule unwind and separate, like a zipper. They  

 separate between nitrogen bases. Nitrogen bases floating in the nucleus 
pair up with the bases on each half of the DNA molecule. Matching of 
bases in each new DNA molecule exactly matches the order in the 
original DNA molecule. 
https://youtu.be/nMEyeKQClqI 
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DNA Replication Colors 

● - Black 
★ - Light Blue 
D - Pink 
P - Light Green 
A - Red 
T - Yellow 
C - Orange 
G - Aqua Green 
H - Blue 
B - Light Brown 
E - Violet 
F - Green 
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