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CHAPTER 1

What is Biology?
Worksheets

1.1 SCIENCE AND THE NATURAL WORLD
1.2 BioLoGY: THE STUDY OF LIFE

(Opening image copyright by Kirsty Pargeter, 2010. Used under license from Shutterstock.com.)

e Lesson 1.1: Science and the Natural World
¢ Lesson 1.2: Biology: The Study of Life
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- Science and the Natural World

Lesson 1.1: True or False

Name Class Date

Write true if the statement is true or false if the statement is false.
1. A hypothesis must be based on scientific knowledge.

. A scientific theory is a guess about how or why something happens.

. Scientists make predictions that tell what will happen under any and all conditions.

. The scientific method includes the steps involved in a scientific investigation.

. “Did life on Earth evolve over time?” This question can be answered scientifically.

. Experiments are performed under controlled conditions.

. Scientists can study all aspects of the natural world, including experimenting on an extinct animal.

. The dependent variable is always the opposite of the independent variable.

O 0 N N B~ W

. Communicating your results allows others to test your hypothesis.

10. Experimental evidence that agrees with your prediction supports your hypothesis.

11. The first step in a scientific investigation is always to develop a hypothesis.

12. Scientists gradually build an increasingly accurate and detailed understanding of the natural world.
___13. Newton discovered the law of gravity when an apple fell from a tree and hit him on the head.

14. Scientific evidence is any type of data that may either agree or disagree with a prediction.

15. Scientific theories are broad explanations that are widely accepted as true.

Lesson 1.1: Critical Reading

Name Class Date

Read these passages from the text and answer the questions that follow.
Nature Can Be Understood

Scientists think of nature as a single system controlled by natural laws. By discovering natural laws, scientists strive
to increase their understanding of the natural world. Laws of nature are expressed as scientific laws. A scientific law
is a statement that describes what always happens under certain conditions in nature.

An example of a scientific law is the law of gravity, which was discovered by Sir Isaac Newton. The law of gravity
states that objects always fall towards Earth because of the pull of gravity. Based on this law, Newton could explain
many natural events. He could explain not only why objects such as apples always fall to the ground, but he could
also explain why the moon orbits Earth. Isaac Newton discovered laws of motion as well as the law of gravity. His
laws of motion allowed him to explain why objects move as they do.

2
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Science Cannot Answer All Questions

Science rests on evidence and logic, so it deals only with things that can be observed. An observation is anything
that is detected either through human senses or with instruments and measuring devices that extend human senses.
Things that cannot be observed or measured by current means — such as supernatural beings or events — are outside
the bounds of science. Consider these two questions about life on Earth:

* Did life on Earth evolve over time?
* Was life on Earth created through another method?

The first question can be answered by science on the basis of scientific evidence and logic. The second question
could be a matter of belief. Therefore, it is outside the realm of science.

Questions

1. What is an observation?

2. What is a scientific law?

3. What scientific law explains why the moon orbits the Earth? What does the law state? Who developed this law?

4. Complete this sentence: Natural laws allow scientists to

5. Can science answer all questions? Justify your answer.
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Lesson 1.1: Multiple Choice

Name

Class Date

Circle the letter of the correct choice.

a. Assumptions scientists make include:

a.
b.
c.
d.

Nature can be understood through systematic study.
Scientific ideas never need to be revised.

Science can provide answers to all questions.

all of the above

b. A hypothesis

o oe

o

is the first step in a scientific investigation.
is based on what a scientist believes.

is a possible question to a scientific answer.
can be proved incorrect.

c. A scientific theory

o oe

o

is based on lots of evidence.

is a guess about how or why something happens.
can never be altered or changed.

none of the above

d. Which is the correct order in a scientific investigation?

/o o

ask a question, test the hypothesis, communicate results, draw conclusions
make observations, ask a question, form a hypothesis, test the hypothesis
draw conclusions, ask a question, form a hypothesis, test the hypothesis
ask a question, make observations, test the hypothesis, draw conclusions

e. To test a hypothesis,

o oe

o

a scientist first collects evidence.

a scientist first draws conclusions.
a scientist first makes a prediction.
a scientist first makes observations.

f. An experiment

/oo

is performed under controlled conditions.
generally tests how one variable is affected by another.

contributes important evidence that helps scientists better understand the natural world.

all of the above

WWW.C

.org
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g. Food chains are scientific models that

h. Sc

Lesso

Name

represent simple systems in nature.

make the scientific systems easier to understand.
are based on mathematical equations.

d. are based on a prediction.

o oe

ience cannot answer all questions.

a. The above statement is true because science cannot answer matters of belief.

b. The above statement is true because all science is based on logic.

c. The above statement is false because science can prove that life evolves over time.
d. The above statement is false because science is based on observations and evidence.

n 1.1: Vocabulary |

Class Date

Match the vocabulary word with the proper definition.

Definitions

1.

2.
3.
4.
5.
6.
7.
8.
9.

a statement that describes what always happens under certain conditions in nature

a possible answer to a scientific question

any type of data that may either agree or disagree with a prediction

a plan for asking questions and testing possible answers

a representation of part of the real world

a broad explanation for events that is widely accepted as true

detected either through human senses or with instruments and measuring devices that extend human senses
a special type of scientific investigation that is performed under controlled conditions

developed the laws of motion

10. a statement that tells what will happen under certain conditions

11. developed theory of relativity

12. a distinctive way of gaining knowledge about the natural world

Terms

a. Albert Einstein

b. evidence

c. experiment

d. hypothesis

e. Isaac Newton

f. model

g. observation

h. prediction

1. science
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j. scientific investigation
k. scientific law

L. scientific theory

Lesson 1.1: Vocabulary Il

Name Class Date

Fill in the blank with the appropriate term.

1. An is anything that is detected either through human senses or with instruments and measuring
devices that extend human senses.

2. An is a special type of scientific investigation that is performed under controlled conditions.

3. A scientific is a statement that describes what always happens under certain conditions in nature.
4. A model is a representation of part of the real

5. is any type of data that may either agree or disagree with a prediction.

6. Scientific investigation are done by following the scientific

7. The goal of is to understand the natural world.

8. A hypothesis is a possible answer to a scientific

9. Matters of are outside the realm of science.

10. A scientific is a broad explanation for events that is widely accepted as true.

11. The last step in a scientific investigation is what you have learned with others.

12. is a distinctive way of gaining knowledge about the natural world that starts with a question and

then tries to answer the question with evidence and logic

Lesson 1.1: Critical Writing

Name Class Date

Thoroughly answer the question below. Use appropriate academic vocabulary and clear and complete sentences.

Discuss why science is not able to answer all questions. Incorporate the steps of the scientific method into your
response.
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1.2 Biology: The Study of Life

Lesson 1.2: True or False

Name Class Date

Write true if the statement is true or false if the statement is false.
1. A cell is the basic unit of the structure and function of all living things

. An adaptation is a characteristic that helps a living thing survive and reproduce.

. Natural selection is a change in the characteristics of living things over time.

. A population consists of many different species.

. Charles Darwin developed the theory of evolution by natural selection.

. All living things must maintain homeostasis.

. The characteristics of all living things are controlled by genes.

. The four unifying principles of biology are the cell theory, the gene theory, homeostasis, and gravity.

O 0 N N B~ WD

. Deer sometimes eat the starlings (birds) that sit on them.

10. The cells of many different organisms are very similar.
11. Simple life forms, like bacteria, have simple chemistry.
12. Simple life forms, like bacteria, do not grow and develop.
__ 13, Every living thing begins life as a single cell.
_____14. The mole’s touch organ is an adaptation because it helps the mole survive in its dark.

15. There are at least 100 million different species live on Earth today.

Lesson 1.2: Critical Reading

Name Class Date

Read this passage from the text and answer the questions that follow.
Evolution of Life

The diversity of life on Earth today is the result of evolution. Life began on Earth at least 4 billion years ago, and it
has been evolving ever since. At first, all living things on Earth were simple, single-celled organisms. Much later,
the first multicellular organisms evolved, and after that, Earth’s biodiversity greatly increased.

Today, scientists accept the evolution of life on Earth as a fact. There is too much evidence supporting evolution to
doubt it. However, that wasn’t always the case.

Darwin and the Theory of Evolution

The idea of evolution has been around for centuries. In fact, it goes all the way back to the ancient Greek philosopher

7
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Aristotle. However, evolution is most often associated with Charles Darwin. Darwin published a book on evolution
in 1869 titled On the Origin of Species. In the book, Darwin stated the theory of evolution by natural selection.
He also presented a great deal of evidence that evolution occurs. Despite all the evidence Darwin presented, his
theory was not well received at first. Many people found it hard to accept the idea that humans had evolved from
an ape-like ancestor, and they saw evolution as a challenge to their religious beliefs. Darwin had actually expected
this type of reaction to his theory and had waited a long time before publishing his book for this reason. It was only
when another scientist, named Alfred Wallace, developed essentially the same theory of evolution that Darwin put
his book into print.

Although Darwin presented a great deal of evidence for evolution in his book, he was unable to explain how evolution
occurs. That’s because he knew nothing about genes. As a result, he didn’t know how characteristics are passed
from parents to offspring, let alone how they could change over time.

Evolutionary Theory After Darwin

Since Darwin’s time, scientists have gathered even more evidence to support the theory of evolution. Some of the
evidence comes from fossils, and some comes from studies that show how similar living things are to one another.
By the 1930s, scientists had also learned about genes. As a result, they could finally explain how characteristics of
organisms could pass from one generation to the next and change over time.

Using modern technology, scientists can now directly compare the genes of living species. The more genes dif-
ferent species share in common, the more closely related the species are presumed to be. Consider humans and
chimpanzees. They share about 98% of their genes. This means that they shared a common ancestor in the not-too-
distant past. This is just one of many pieces of evidence that show we are part of the evolution of life on Earth.

Questions

1. What were the first living things on Earth?

2. Who is most often associated with developing the theory of evolution?

3. What is the name of the process by which evolution occurs?
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4. What discovery allowed scientists to explain how characteristics are passed from parents to offspring?

5. Cite one piece of evidence that demonstrates we are evolutionarily closely related to chimpanzees.

Lesson 1.2: Multiple Choice

Name Class Date

Circle the letter of the correct choice.

a. The cell theory states that

all living things are made up of cells.

living cells may come from other living cells.
all living things remain single-celled.

all of the above

o oe

A

b. Levels of organization of an individual organism includes

the tissue.

the population.
the community.
all of the above

/oo
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¢. Which is the best definition of "biology"?

a. The science of living organisms.

b. The study of humans and animals.

c. The study of plants, humans, and animals.
d. The science of life.

d. Homeostasis is

the ability to give rise to offspring.

maintaining a stable internal environment.

the ability to detect and respond to changes in their environment.
the ability to grow and develop.

o oe

A

e. Evolution

is a change in characteristics of living things over time.

occurs by natural selection.

explains how modern organisms have descended from ancient life forms.
all of the above

o oe

o

f. An example of a symbiotic relationship in which one organism is harmed is

the relationship between a flock of starlings and a red deer stag.
the relationship between a lion and an antelope.

the relationship between hummingbirds and flowers.

the relationship between humans and their pet dogs.

o oe

o

g. Cells

are all unique; no two cells are similar.

come from other cells, except for the very first cell of a new organism.
are the basic unit of structure and function of all living things.

are all circular in shape.

/o o

h. To be classified as a living organism, an object must

maintain homeostasis.

have a complex chemistry.
be made of at least one cell.
all of the above

/o o

Lesson 1.2: Vocabulary |

Name Class Date

Match the vocabulary word with the proper definition.

Definitions

1. the basic unit of the structure and function of living things
. the process by which evolution occurs
. the same species that live in the same area

2
3
4. all of the populations that live in the same area
5. maintaining a stable internal environment

6

. a change in the characteristics of living things over time

.org
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___7.anindividual living thing

___ 8. the diversity of living things

9. all the living things in a given area, together with the nonliving environment

__10. a characteristic that helps a living thing survive and reproduce
11. a group of similar ecosystems

_12. the science of life

Terms

a. adaptation

b. biodiversity

c. biology

d. biome

e. cell

f. community

g. ecosystem

h. evolution

i. homeostasis

j. natural selection

k. organism

1. population

Lesson 1.2: Vocabulary Il

Name Class Date

Fill in the blank with the appropriate term.
developed the theory of evolution by natural selection.
. All living things grow and

. A cell is the basic unit of the structure and of living things.

. An adaptation is a characteristic that helps a living thing survive and in a given environment.

1
2
3
4
5. The process of maintaining a stable internal environment is
6. A is made of cells of the same kind.

7. An is an individual living thing.

8 is a relationship between living things that depend on the same resources.
9

. An ecosystem consists of all the living things in a given area, together with the nonliving

10. is a change in the characteristics of living things over time.
11. The is the part of Earth where all life exists.
12. is the process by which living things give rise to offspring.

11
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Lesson 1.2: Critical Writing

Name Class Date

Thoroughly answer the questions below. Use appropriate academic vocabulary and clear and complete sentences.

List and describe three characteristics necessary to define life.

12
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CHAPTER 2 ] ]
The Chemistry of Life

Worksheets

2.1 MATTER AND ORGANIC COMPOUNDS
2.2 BioCHEMICAL REACTIONS
2.3 WATER, ACIDS, AND BASES

(Opening image courtesy of David Iberri, http://en.wikipedia.org/wiki/File:CaMKII.png, and under the Creative
Commons license CC-BY-SA 3.0.)

* Lesson 2.1: Matter and Organic Compounds
¢ Lesson 2.2: Biochemical Reactions
e Lesson 2.3: Water, Acids, and Bases

13
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2 matter and Organic Compounds

Lesson 2.1: True or False

Name Class Date

Write true if the statement is true or false if the statement is false.
1. An atom is smaller than an element.
2. Organic compounds are found in living organisms.

3

Proteins are made out of amino acids.

Proteins speed up chemical reactions.

__ 4
5. The DNA code carries instructions for the correct sequence of nucleic acids in a protein
Sugars and phosphate groups form the middle of a nucleic acid chain.
7. DNA (and RNA) is made out of nucleotides.

A protein consists of one or more polypeptide chains.

6.
8.
__ 9. Lipids include fats, oils, and sugars.
10. Carbohydrates are the most common type of organic compound.
11. Peanut oil is an unsaturated fatty acid.
___12. Cytosine and adenine are complementary bases in DNA.
___13. A double helix is like a spiral staircase.
____14. Phospholipids form cell membranes.

15. Carbohydrates are made out of monosaccharides.

Lesson 2.1: Critical Reading

Name Class Date

Read these passages from the text and answer the questions that follow.

The Significance of Carbon

A compound found mainly in living things is known as an organic compound. Organic compounds make up
the cells and other structures of organisms and carry out life processes. Carbon is the main element in organic
compounds, so carbon is essential to life on Earth. Without carbon, life as we know it could not exist. Why is
carbon so basic to life? The reason is carbon’s ability to form stable bonds with many elements, including itself.
This property allows carbon to form a huge variety of very large and complex molecules. In fact, there are nearly 10
million carbon-based compounds in living things! However, the millions of organic compounds can be grouped into
just four major types: carbohydrates, lipids, proteins, and nucleic acids. You can compare the four types in Table

2.1. Each type is also described below.
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Types of Organic Compounds

Type of Compound Examples Elements Functions
Carbohydrates sugars, starches carbon, hydrogen, oxygen provides energy to cells,
stores energy, forms body
structures
Lipids fats, oils carbon, hydrogen, oxygen stores energy, forms cell
membranes, carries mes-
sages
Proteins enzymes, antibodies carbon, hydrogen, oxy- helps cells keep their
gen, nitrogen, sulfur shape, makes up
muscles, speeds  up
chemical reactions,
carries messages and
materials
Nucleic Acids DNA, RNA carbon, hydrogen, oxy- contains instructions for
gen, nitrogen, phosphorus  proteins, passes instruc-
tions from parents to off-
spring, helps make pro-
teins
Carbohydrates

Carbohydrates are the most common type of organic compound. A carbohydrate is an organic compound such
as sugar or starch, and is used to store energy. Like most organic compounds, carbohydrates are built of small,
repeating units that form bonds with each other to make a larger molecule. In the case of carbohydrates, the small,
repeating units are called monosaccharides.

Lipids
A lipid is an organic compound such as fat or oil. Organisms use lipids to store energy, but lipids have other

important roles as well. Lipids consist of repeating units called fatty acids. There are two types of fatty acids:
saturated fatty acids and unsaturated fatty acids.

Proteins

A protein is an organic compound made up of small molecules called amino acids. There are 20 different amino
acids commonly found in the proteins of living things. Small proteins may contain just a few hundred amino acids,
whereas large proteins may contain thousands of amino acids.

Nucleic Acids

A nucleic acid is an organic compound, such as DNA or RNA, that is built of small units called nucleotides. Many
nucleotides bind together to form a chain called a polynucleotide. The nucleic acid DNA (deoxyribonucleic acid)
consists of two polynucleotide chains. The nucleic acid RNA (ribonucleic acid) consists of just one polynucleotide
chain.

Questions

1. List two functions of organic compounds.

15
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2. Which two categories of organic compounds store energy? Which of these organic compounds is more common?

3. What is a main difference between DNA and RNA?

4. Describe a difference between large and small proteins.

5. Why is carbon considered the essential element of life?

16
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Lesson 2.1: Multiple Choice

Name

Class Date

Circle the letter of the correct choice.

a. Water (H,O) is a(n)

a
b
c
d

b. Apr
a.
b.
c.

o

. element.

. atom.

. compound.

. carbohydrate.

ocess that changes some chemical substances into others is a

chemical bond.

chemical reaction.
chemical equation.
chemical formula.

c. The main difference between saturated and unsaturated fatty acids is

c o

o

the amount of energy found in the fatty acid.

saturated fatty acids are liquids.

unsaturated fatty acids can be packed together very tightly.
the number of hydrogen atoms bonded to the carbon atoms.

d. The function of proteins can include

o oe

d.

helping cells keep their shape.
helping to destroy foreign substances.
speeding up biochemical reactions.
all of the above

e. The characteristics of DNA includes which of the following?

The Chemistry of Life Worksheets

a. DNA is made of nucleotides consisting of a sugar, a phosphate group, and a carbon base.
b. DNA is made of a single polynucleotide chain, which winds into a double helix.
c. DNA is how inherited characteristics are passed from one generation to the next.

d.

all of the above

f. Which category of organic compound is the major component of cell membranes?

a.
b.
c.
d.

carbohydrate
lipid

protein
nucleic acid

g. The cell wall of plants is made out of

a.
b.
c.
d.

starch.
glycogen.
cellulose.
chitin.

h. The main element of organic compounds is

a.
b.
c.

d.

hydrogen.
oxygen.
nitrogen.
carbon.

17
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Lesson 2.1: Vocabulary |

Name Class Date

Match the vocabulary word with the proper definition.

Definitions

1. an organic compound that stores energy, forms cell membranes, carries messages

2. an organic compound that contains instructions for proteins
. an organic compound that provides energy to cells, stores energy, forms body structures
. an organic compound that helps cells keep their shape

. a pure substance, like carbon

3
4
5
6. may contain just a few simple sugars or thousands
7. subunit that make up proteins

8. subunit used to make nucleic acids

9. lipid in which carbon atoms are bonded to as many hydrogen atoms as possible
___10. lipid in which carbon atoms are bonded to groups of atoms other then hydrogen
___11. the major component of cell membranes

___12. anything that takes up space and has mass

Terms

a. amino acid

b. carbohydrate

c. DNA

d. element

e. lipid

f. matter

g. nucleotide

h. phospholipid

i. polysaccharide

J- protein

k. saturated fatty acid

1. unsaturated fatty acid

Lesson 2.1: Vocabulary Il

Name Class Date

Fill in the blank with the appropriate term.

1. A substance that consists of two or more elements is a

18
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2. The information in is passed from parents to offspring when organisms reproduce.

3. are proteins which bind to foreign substances such as bacteria and target them for destruction.

4. compounds make up the cells and other structures of organisms and carry out -
processes.

5. is the monosaccharide used for energy by the cells of most organisms.

6. are the most common type of organic compound.

7. is a protein that binds with oxygen molecules.

8. The shape of DNA is that of a

9. is used by plants to store energy.
10. is used by plants to form rigid walls around cells.
11. DNA contains instructions for proteins, and helps assemble the proteins.

12. Matter is anything that takes up space and has

Lesson 2.1: Critical Writing

Name Class Date

Thoroughly answer the question below. Use appropriate academic vocabulary and clear and complete sentences.

Describe the main functions of each of the four classes of organic compounds.
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- Biochemical Reactions

Lesson 2.2: True or False

Name Class Date

Write true if the statement is true or false if the statement is false.
1. A substance that forms as a result of a chemical reaction is called a reactant.

. Only some chemical reactions need energy to get started.

. Biochemical reactions take place inside the cells.

. A chemical reaction that releases heat is an exothermic reaction.

. Most biochemical reactions need help to get started.

. Anabolic reactions give off energy.

. Metabolism is the sum of all the biochemical reactions in an organism.

. In a chemical reaction, the quantity of an element may change.

O o0 N N B W

. During a chemical reaction, some bonds break and new bonds form.

10. Activation energy is the energy needed to start a chemical reaction.
11. An enzyme speeds up the reaction by lowering the activation energy.

12. In a chemical reaction, the number of atoms on one side of the arrow may differ from the number of
atoms on the other side.

13. Matter is always conserved.
14. Understanding chemistry is needed to understand fully the processes within the cell.

15. In a chemical reaction, the quantity of each element does not change.

Lesson 2.2: Critical Reading

Name Class Date

Read these passages from the text and answer the questions that follow.
Biochemical Reactions and Enzymes

Biochemical reactions are chemical reactions that take place inside the cells of living things. Biochemistry is a
relatively new field that emerged at the interface of biology and chemistry. Its emergence shows that knowledge of
chemistry as well as biology is needed to understand fully the life processes of organisms at the level of the cell.
The sum of all the biochemical reactions in an organism is called metabolism. It includes both exothermic and
endothermic reactions.

Types of Biochemical Reactions
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Exothermic reactions in organisms are called catabolic reactions. These reactions break down molecules into
smaller units and release energy. An example of a catabolic reaction is the breakdown of glucose, which releases
energy that cells need to carry out life processes. Endothermic reactions in organisms are called anabolic reactions.
These reactions build up bigger molecules from smaller ones. An example of an anabolic reaction is the joining of
amino acids to form a protein. Which type of reactions — catabolic or anabolic — do you think occur when your
body digests food?

Enzymes

Most biochemical reactions in organisms need help in order to take place. Why is this the case? For one thing,
temperatures are usually too low inside living things for biochemical reactions to occur quickly enough to maintain
life. The concentrations of reactants may also be too low for them to come together and react. Where do the
biochemical reactions get the help they need to proceed? The help comes from enzymes.

An enzyme is a protein that speeds up a biochemical reaction. An enzyme works by reducing the amount of
activation energy needed to start the reaction. Less activation energy is needed when the correct enzyme is present
than when it is not present.

Enzymes are involved in most biochemical reactions, and they do their job extremely well. A typical biochemical
reaction could take several days to occur without an enzyme. With the proper enzyme, the same reaction can occur
in just a split second! Without enzymes to speed up biochemical reactions, most organisms could not survive. The
activities of enzymes depend on the temperature, ionic conditions, and the pH of the surroundings. Some enzymes
work best at an acidic pH, while others work best in neutral environments.

Questions

1. What is an enzyme?

2. How are biochemistry and metabolism related?

3. Which type of reactions — catabolic or anabolic — do you think occur when your body digests food?
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4. How do enzymes work?

5. What is activation energy?

Lesson 2.2: Multiple Choice

Name Class

Date

Circle the letter of the correct choice.

a. Reactants in the burning of methane include

a. CHy and 20,.
b. CO; and 2H,O.
c. CH4 and CO,.
d. CO; and 20,.

b. Activities of enzymes depend on

pH.

temperature.
ionic conditions.
all of the above

/oo
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c. Anenzyme is a

o oe

o

carbohydrate
lipid

protein
nucleic acid

d. Reactions that take place inside cells are

o oe

d.

. What is the main difference between an endothermic reaction and an exothermic reaction?

o

a
b
c
d

cellular reactions.
enzyme reactions.
metabolic reactions.
biochemical reactions.

. An endothermic reaction gives off energy and an exothermic reaction absorbs energy.
. An exothermic reaction gives off energy and an endothermic reaction absorbs energy.

. An endothermic reaction does not need activation energy.
. Only endothermic reactions involve enzymes.

f. Another name for a “biological catalyst” could be a(n)

o oe

d.

oQ

a
b
c
d

enzyme.
reactant.
activator.
metabolism.

. The joining of amino acids to form a protein is a(n)

. anabolic reaction.

. catabolic reaction.

. amino acid reaction.
. polypeptide reaction.

h. The “push” needed to start a chemical reaction is the

a. enzymatic energy.
b. endothermic energy.

c
d

. activation energy.
. reactant energy.

Lesson 2.2: Vocabulary |

Name

Class Date

Match the vocabulary word with the proper definition.

Definitions

1. represents a chemical reaction

2. a protein that speeds up a biochemical reaction

. a substance that forms as a result of a chemical reaction

3

4. a substance that starts a chemical reaction

5. sum of all the biochemical reactions in an organism
6

. a process that changes some chemical substances into others
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____ 7. exothermic reactions in organisms
8. endothermic reactions in organisms
9. chemical reactions that take place inside the cells of living things
__10. achemical reaction that releases energy
____11. achemical reaction that absorbs energy
___12. the energy needed to start a chemical reaction
Terms
a. activation energy
b. anabolic reaction
c. biochemical reaction
d. catabolic reaction
e. chemical equation
f. chemical reaction
g. enzyme
h. endothermic
i. exothermic
j. metabolism
k. product

1. reactant

Lesson 2.2: Vocabulary Il

Name Class Date

Fill in the blank with the appropriate term.
. Biochemical reactions are chemical reactions that take place inside the of living things.
. During a chemical reaction, the are used up to create the products.
. All chemical reactions need to get started.

reactions in organisms are called catabolic reactions.

1
2
3
4
5. energy provides the push needed to start a chemical reaction.
6. Your includes both exothermic and endothermic reactions.

7. A chemical reaction involves the breaking and forming of

8. In a chemical reaction, all matter is

9. Energy can be released during a chemical reaction in the form of and light.

10. In a chemical reaction, there is the same amount of each in the products as there was in the
reactants.

11. An reaction builds up bigger molecules from smaller ones.
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12. An works by reducing the amount of activation energy needed to start the reaction.

Lesson 2.2: Critical Writing

Name Class Date

Thoroughly answer the question below. Use appropriate academic vocabulary and clear and complete sentences.

Describe the roles of enzymes in biochemical reactions. Use specifics in discussing how enzymes work. Provide an
example of a biochemical reaction involving an enzyme.
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2.3 Water, Acids, and Bases

Lesson 2.3: True or False

Name Class Date

Write true if the statement is true or false if the statement is false.
1. Water is a chemical.

2. The hydrogen atoms in a water molecule attract electrons more strongly than the oxygen atom does.

3

Hydrogen bonds are very strong bonds.
Water is a reactant in photosynthesis.

Enzymes in the small intestine need an acidic environment in order to work.

___ 4
___5
7. Lemon juice is a stronger acid than orange juice.

An ion is an electrically charged atom or molecule.

6. Pure water has a pH of 7.
8.
__ 9. The stomach is a very acidic environment.

10. Water is released during cellular respiration.

11. Soap is very acidic.
___12. Hydrogen bonds cause water to have a relatively high boiling point of 100°F.
__13. Acids have a pH lower than 7.
___14. Bases have a pH lower than 7.

15. A water molecule has positive and negative parts to it.

Lesson 2.3: Critical Reading

Name Class Date

Read these passages from the text and answer the questions that follow.
Acids and Bases

Water is the main ingredient of many solutions. A solution is a mixture of two or more substances that has the same
composition throughout. Some solutions are acids and some are bases. To understand acids and bases, you need to
know more about pure water. In pure water (such as distilled water), a tiny fraction of water molecules naturally
break down to form ions. An ion is an electrically charged atom or molecule. The breakdown of water is represented
by the chemical equation

2H,0 — H30" + OH™

The products of this reaction are a hydronium ion (H30™) and a hydroxide ion (OH ). The hydroxide ion, which has
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a negative charge, forms when a water molecule gives up a positively charged hydrogen ion (H'). The hydronium
ion, which has positive charge, forms when another water molecule accepts the hydrogen ion.

Acidity and pH The concentration of hydronium ions in a solution is known as acidity. In pure water, the concen-
tration of hydronium ions is very low; only about 1 in 10 million water molecules naturally breaks down to form a
hydronium ion. As a result, pure water is essentially neutral. Acidity is measured on a scale called pH, as shown in
the figure below. Pure water has a pH of 7, so the point of neutrality on the pH scale is 7.

14
BASIC
l 13 4= NaOH
\ 12
<+—— Ammonia Solution
11 G— Soap
10 <= Detergent
9 <+ Milk of Magnesia
8 <+ Eggs
== Blood
NEUTRAL 7 <+ Pure Water
. = Milk
6
5
<+ Tomato Juice
4
+—— QOrange Juice
3 4—— Soda Pop
<+ Vinegar
2 == Lemon Juice
A 1 = HC|
ACIDIC 0

pH Scale. The pH scale ranges from 0 to 14, with 7 being the point of neutrality. What is the pH of lemon juice? Of
milk? (Image courtesy of Edward Stevens, modified by CK-12 Foundation, and under the Creative Commons license
CC-BY-SA 3.0.)

Acids and Bases in Organisms

Acids and bases are important in living things because most enzymes can do their job only at a certain level of
acidity. Cells secrete acids and bases to maintain the proper pH for enzymes to work. For example, every time
you digest food, acids and bases are at work in your digestive system. Consider the enzyme pepsin, which helps
break down proteins in the stomach. Pepsin needs an acidic environment to do its job, and the stomach secretes a
strong acid that allows pepsin to work. However, when stomach contents enter the small intestine, the acid must be
neutralized. This is because enzymes in the small intestine need a basic environment in order to work. An organ
called the pancreas secretes a strong base into the small intestine, and this base neutralizes the acid.

Water and Life

The human body is about 70% water (not counting the water in body fat, which varies from person to person). The
body needs all this water to function normally. Just why is so much water required by human beings and other
organisms? Water can dissolve many substances that organisms need, and it is necessary for many biochemical
reactions. The examples below are among the most important biochemical processes that occur in living things, but
they are just two of many ways that water is involved in biochemical reactions.
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* Photosynthesis — In this process, cells use the energy in sunlight to change carbon dioxide and water to
glucose and oxygen. The reactions of photosynthesis can be represented by the chemical equation

6C02 + 6H20 + Energy — C6H1206 + 602

* Cellular respiration — In this process, cells break down glucose in the presence of oxygen and release carbon
dioxide, water, and energy. The reactions of cellular respiration can be represented by the chemical equation

CeH 1206 + 60, — 6CO; + 6H,0 + Energy

Water is involved in many other biochemical reactions. As a result, just about all life processes depend on water.
Clearly, life as we know it could not exist without water.

Questions

1. Describe the best environment for the enzyme pepsin.

2. Why is water so important for life?

3. Which is a stronger acid: lemon juice or soda pop? Why?

4. What is a hydronium ion? How does one form?
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5. In terms of water, what is one main difference between photosynthesis and cellular respiration?

Lesson 2.3: Multiple Choice

Name Class Date

Circle the letter of the correct choice.

a. Earth is sometimes called the

a. “water planet,” because almost 75% of its surface is covered with water.

b. “oxygen planet,” because oxygen is necessary for life.

c. “carbon planet,” because carbon is the central element in organic compounds.
d. all of the above.

b. The oxygen in a water molecule

a. attracts electrons more strongly than the hydrogen atoms.

b. has a slight negative charge.

c. binds to a hydrogen of another water molecule through a hydrogen bond.
d. all of the above

¢. Which of the following is an example of a solution?

a. apepperoni pizza

b. a box of Lucky Charms cereal
c. aglass of orange juice

d. ahot fudge sundae

d. Which is the strongest acid?

vinegar
soda pop
orange juice
lemon juice

oo
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e. A solution with a lower concentration of hydronium ions than pure water

o oe

d.

can have a pH of 6.5.
is a base.

can taste sweet.

all of the above

f. How do hydrogen bonds affect water’s properties?

a.
b.
c.

d.

Hydrogen bonds explain why water molecules stick together.
Hydrogen bonds cause water to have a relatively high boiling point.
Hydrogen bonds also cause water to expand when it freezes.

all of the above

g. Where is most of the freshwater found?

a.
b.
c.

d.

as ground water

in icecaps, glaciers and inland seas
in the oceans

in other areas

Lesson 2.3: Vocabulary |

Name

Class Date

Match the vocabulary word with the proper definition.

Definitions

1. for water, 212°F or 100°C

2
3

arange from 0 to 14

has a pH less than 7

4. has a pH more than 7

5

6

7

9

8

photosynthesis

OH~™

a measure of the acidity of a solution
has the same composition throughout

needs an acidic environment to work

10. an organ that secretes a strong base into the small intestine

11. a difference in electrical charge within the same molecule

12. holds water molecules together

Terms
a. acid

b. base

¢. boiling point

d. hydrogen bond

e. hydroxide ion
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f. pancreas

g.
h.

pepsin

pH

i. pH scale

j- polarity

k.

solution

1. 6C02 + 6H20 + Energy — C6H1206 + 602

Lesson 2.3: Vocabulary I

Name Class Date

Fill in the blank with the appropriate term.

1. Water’s gives it unique properties that help explain why it is vital to all living organisms.
2. In water, the atom attracts electrons more strongly than the atoms do.
3. Ice floats on water because ice has a density.

4. A mixture of two or more substances with the same composition throughout is a

5. pH is a measure of the of a solution.

6. A(n) has a pH lower than 7.

7. Water molecules are held together by bonds.

8. is a difference in electrical charge between different parts of the same molecule.
9. 100°C is water’s point.

10. Water is essentially neutral, with a pH of

11. is slightly basic with a pH just above 7.

12. In a water molecule, the hydrogen atoms have a charge.

Lesson 2.3: Critical Writing

Name Class Date

Thoroughly answer the question below. Use appropriate academic vocabulary and clear and complete sentences.

Using specifics in describing the structure of the water molecule, and discuss why water is referred to as a “polar
molecule.”
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3 Cellular Structure and
Function Worksheets

3.1 INTRODUCTION TO CELLS
3.2 CELL STRUCTURES
3.3 CELL TRANSPORT AND HOMEOSTASIS

(Opening image copyright by Sebastian Kaulitzki, 2010. Used under license from Shutterstock.com.)
* Lesson 3.1: Introduction to Cells

* Lesson 3.2: Cell Structures
* Lesson 3.3: Cell Transport and Homeostasis
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- Introduction to Cells

Lesson 3.1: True or False

Name Class Date

Write true if the statement is true or false if the statement is false.
1. All organisms are made of more than one cell.

2. Early microscopes created by Leeuwenhoek were almost as strong as modern light microscopes.

3

Proteins are made on ribosomes.

Prokaryotic cells have a nucleus.

The plasma membrane forms the physical boundary between the cell and its environment.

___ 4
___5
7. Compared to eukaryotic cells, prokaryotic cells are very complex.

Organelles are located within the cytoplasm.

6. For cells, a smaller size is more efficient.

8.

___ 9. Viruses are similar to prokaryotic cells.
10. All cells have a plasma membrane, cytoplasm, and ribosomes.

___11. DNA is located in the nucleus of prokaryotic cells.

12, Organelles allow eukaryotic cells to carry out more functions than prokaryotic cells.
13. Viruses are considered living organisms.

___14. Most cells are about the size of the period at the end of this sentence.

15. Observation of cork helped in the discovery of cells.

Lesson 3.1: Critical Reading

Name Class Date

Read these passages from the text and answer the questions that follow.
Two Types of Cells

There is another basic cell structure that is present in many but not all living cells: the nucleus. The nucleus of a cell
is a structure in the cytoplasm that is surrounded by a membrane (the nuclear membrane) and contains DNA. Based
on whether they have a nucleus, there are two basic types of cells: prokaryotic cells and eukaryotic cells.

Prokaryotic Cells

Prokaryotic cells are cells without a nucleus. The DNA in prokaryotic cells is in the cytoplasm rather than enclosed
within a nuclear membrane. Prokaryotic cells are found in single-celled organisms, such as bacteria. Organisms
with prokaryotic cells are called prokaryotes. They were the first type of organisms to evolve and are still the most

33


http://www.ck12.org

3.1. Introduction to Cells www.ck | 2.org

common organisms today.
Eukaryotic Cells

Eukaryotic cells are cells that contain a nucleus. Eukaryotic cells are usually larger than prokaryotic cells, and they
are found mainly in multicellular organisms. Organisms with eukaryotic cells are called eukaryotes, and they range
from fungi to people. Eukaryotic cells also contain other organelles besides the nucleus. An organelle is a structure
within the cytoplasm that performs a specific job in the cell. Organelles called mitochondria, for example, provide
energy to the cell, and organelles called vacuoles store substances in the cell. Organelles allow eukaryotic cells to
carry out more functions than prokaryotic cells can.

Viruses: Prokaryotes or Eukaryotes?

Viruses are tiny particles that may cause disease. Human diseases caused by viruses include the common cold and
flu. Do you think viruses are prokaryotes or eukaryotes? The answer may surprise you. Viruses are not cells at all,
so they are neither prokaryotes nor eukaryotes.

Viruses contain DNA but not much else. They lack the other parts shared by all cells, including a plasma membrane,
cytoplasm, and ribosomes. Therefore, viruses are not cells, but are they alive? All living things not only have cells;
they are also capable of reproduction. Viruses cannot reproduce by themselves. Instead, they infect living hosts, and
use the hosts’ cells to make copies of their own DNA. For these reasons, most scientists do not consider viruses to
be living things.

Questions

1. What is one main difference between prokaryotic and eukaryotic cells?

2. Give an example of a prokaryotic organism.

3. What is an organelle? Give three examples. (Hint: See the Eukaryotic Cell figure in the FlexBook.)
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4. Describe the nucleus. What can be found inside the nucleus?

5. Are viruses alive? Discuss why or why not.

Lesson 3.1: Multiple Choice

Name Class Date

Circle the letter of the correct choice.

a. Organelles in prokaryotic cells include the

a. mitochondria.

b. cytoskeleton.

c. Golgi complex.
d. none of the above

b. A major difference between prokaryotic and eukaryotic cells is that

a. prokaryotic cells have a flagellum.
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b. eukaryotic cells have a nucleus.
c. prokaryotic cells have cytoplasm.
d. eukaryotic cells have ribosomes.

c. Robert Hooke was the first person to observe cells. He observed these cells in

a. apiece of cork.

b. a slice of honeycomb.

¢. human blood.

d. plaque from his own teeth.

d. Cell size is limited by the

amount of cytoplasm.

cell’s ability to get rid of wastes.
the size of the nucleus.

d. the size of the plasma membrane.

o oe

e. The spikes on pollen grains probably

a. allow the pollen grain to stick to insects.

b. allow the pollen grain to fly through the air.
c. protect the pollen grain from being eaten.
d. allow insects to stick to the pollen grain.

f. All cells have the following:

a. plasma membrane, cytoplasm, and ribosomes.
b. plasma membrane, nucleus, and DNA.

c. DNA, ribosomes, and cell wall.

d. plasma membrane, cytoplasm, and nucleus.

g. The first microscopes were made around

a. 1965.
b. 1665.
c. 1950.
d. 1776.

h. The cell theory states that

all organisms are made of one or more cells.

all cells come from already existing cells.

all the life functions of organisms occur within cells.
all of the above

/o o

Lesson 3.1: Vocabulary |

Name Class Date

Match the vocabulary word with the proper definition.

Definitions

___ 1. organism that has cells containing a nucleus and other organelles
2. an organelle inside eukaryotic cells where the DNA is located

3. cell without a nucleus

4. a structure within the cytoplasm of a cell that is enclosed within a membrane and performs a specific job
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______ 5. phospholipid bilayer that surrounds and encloses a cell
______ 6. first person to use the word “cell”
______ 7. tiny, non-living particles that may cause disease
______ 8. the material inside the plasma membrane of a cell
___ 9. cell that contains a nucleus and other organelles
___10. organelle where proteins are made

11. discovered human blood cells

12. a single-celled organism that lacks a nucleus
Terms

. Anton van Leeuwenhoek

jov)

on

. cytoplasm

o

. eukaryote

o

. eukaryotic cell

. nucleus

[¢)

laz]

organelle

g. plasma membrane
h. prokaryote

1. prokaryotic cell

j- ribosome

k. Robert Hooke

1. virus

Lesson 3.1: Vocabulary Il

Name Class Date

Fill in the blanks with the appropriate term.

, and DNA.

1. All organisms are made up of one or more

2. All cells have certain parts in common, including a plasma membrane,

3. Proteins are made on the

4. A is a typical prokaryotic cell.

5. cells are usually larger than cells.

6. Leeuwenhoek discovered by looking at the plaque from his own teeth.
7 contain DNA, but do not contain cytoplasm or ribosomes.

8. In an eukaryotic cell, DNA is found in the

9 is the genetic instructions that cells need to make proteins.

10. The plasma membrane is a bilayer of that surrounds a cell.
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11. A cell’s shape is generally related to the cell’s

12. are cells without a nucleus.

Lesson 3.1: Critical Writing

Name Class Date

Thoroughly answer the question below. Use appropriate academic vocabulary and clear and complete sentences.

Compare and contrast eukaryotic cells with prokaryotic cells. Include at least 5 specific similarities and/or differ-

€nces.
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- Cell Structures

Lesson 3.2: True or False

Name Class Date

Write true if the statement is true or false if the statement is false.
1. The water-hating hydrophobic tails of the phospholipid bilayer face the outside of the cell membrane.
2. The cytoplasm essentially acts as a “skeleton” inside the cell.

3. Roundworms have organ system-level organization, in which groups of organs work together to do a
specific job.

4. Plant cells have special structures that are not found in animal cells, including a cell membrane, a large
central vacuole, and plastids.

______ 5. Centrioles help organize chromosomes before cell division.

_____ 6. Ribosomes can be found attached to the endoplasmic reticulum.

_____ 7. ATP is made in the mitochondria.

_____ 8. Many of the biochemical reactions of the cell occur in the cytoplasm.

9. Animal cells have chloroplasts, organelles that capture light energy from the sun and use it to make food.
___10. Small hydrophobic molecules can easily pass through the plasma membrane.

___11. In cell-level organization, different cells are specialized for different functions.

__12. The flagella on your lung cells sweep foreign particles and mucus toward the mouth and nose.

__ 13. Mitochondria contains its own DNA.

14. The plasma membrane is a single phospholipid layer that supports and protects a cell and controls what
enters and leaves it.

15. The cytoskeleton is made from thread-like filaments and tubules.

Lesson 3.2: Critical Reading

Name Class Date

Read these passages from the text and answer the questions that follow.
Plasma Membrane

The plasma membrane forms a barrier between the cytoplasm inside the cell and the environment outside the cell.
It protects and supports the cell and also controls everything that enters and leaves the cell. It allows only certain
substances to pass through, while keeping others in or out. The ability to allow only certain molecules in or out
of the cell is referred to as selective permeability or semipermeability. To understand how the plasma membrane
controls what crosses into or out of the cell, you need to know its composition.
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Phospholipid Bilayer

The plasma membrane is composed mainly of phospholipids, which consist of fatty acids and alcohol. The phos-
pholipids in the plasma membrane are arranged in two layers, called a phospholipid bilayer. As shown in the figure
below, each phospholipid molecule has a head and two tails. The head “loves” water (hydrophilic) and the tails “hate”
water (hydrophobic). The water-hating tails are on the interior of the membrane, whereas the water-loving heads
point outwards, toward either the cytoplasm or the fluid that surrounds the cell. Molecules that are hydrophobic can
easily pass through the plasma membrane, if they are small enough, because they are water-hating like the interior
of the membrane. Molecules that are hydrophilic, on the other hand, cannot pass through the plasma membrane —
at least not without help — because they are water-loving like the exterior of the membrane.

Phospholipid bilayer Phospholipid molecule

BAECLLANED - ¢

The phospholipid bilayer consists of two layers of phospholipids (left), with a hydrophobic, or water-hating, interior
and a hydrophilic, or water-loving, exterior. A single phospholipid molecule is depicted on the right. (Image courtesy
of CK-12 Foundation and under the Creative Commons license CC-BY-NC-SA 3.0.)

Other Molecules in the Plasma Membrane

The plasma membrane also contains other molecules, primarily other lipids and proteins. The green molecules in
the figure above, for example, are the lipid cholesterol. Molecules of cholesterol help the plasma membrane keep its
shape. Many of the proteins in the plasma membrane assist other substances in crossing the membrane.

Extensions of the Plasma Membrane

The plasma membrane may have extensions, such as whip-like flagella or brush-like cilia. In single-celled organisms,
the membrane extensions may help the organisms move. In multicellular organisms, the extensions have other
functions. For example, the cilia on human lung cells sweep foreign particles and mucus toward the mouth and nose.

Questions

1. What is the plasma membrane?

2. What is the meaning of semipermeability?
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3. Discuss why the plasma membrane must be a bilayer.

4. What are some of the “other” molecules in the plasma membrane? Describe their function.

5. What are cilia and flagella?

Lesson 3.2: Multiple Choice

Name Class Date

Circle the letter of the correct choice.
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a. The “power plant” of the cell is the

nucleus.
ribosome.
chloroplast.
d. mitochondria.

o oe

WWW.C

.org

Which organelle ensures that after cell division each daughter cell has the correct number of chromosomes?

a. the nucleus

b. the endoplasmic reticulum
c. the centriole

d. the cytoskeleton

. Structures specific in plant cells but not in animal cells include

a large central vacuole.
the mitochondria.

the cell membrane.

d. the cytoplasts.

o oe

Having tissues that digest food, such as in the jellyfish, is an example of

a. cell-level organization.

b. tissue-level organization.

c. organ-level organization.

d. organ system-level organization.

. The plasma membrane contains which of the following?

phospholipids
cholesterol molecules
many proteins

d. all of the above

o oe

. Which of the following is true of the nucleus?

a. The nucleus is considered the control center of the cell.
b. The nucleus contains all the cell’s DNA.

c. All cells have a nucleus.

d. all of the above

. Which structure determines what molecules can enter and leave the cell?

the plasma membrane
the cell wall

the nucleus

d. all of the above

o oe

. Which organelle may have allowed early eukaryotes to make food and produce oxygen?

a. the Golgi apparatus
b. the central vacuole
c. the plastids
d. the cell wall

Lesson 3.2: Vocabulary |

Name Class Date
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Match the vocabulary word with the proper definition.
Definitions

1. the arrangement of phospholipids in the plasma membrane

. helps make and transport proteins and lipids

. stores and transports protein and lipid molecules

. layer that surrounds the plasma membrane of a plant cell

. help organize the chromosomes before cell division

. larger of the sac-like organelles that store and transport materials in the cell

O 0 N N B~ W

. describes the formation of eukaryotic cells

10. energy-carrying molecule
11. stores substances such as water, enzymes, and salts in plant cells

___ 12, “power plant” of the cell

Terms

a. ATP

b. cell wall

c. central vacuole

d. centriole

e. cytoskeleton

f. endoplasmic reticulum

g. endosymbiotic theory

h. Golgi apparatus

i. mitochondria

j- phospholipid bilayer

k. vacuole

1. vesicle

Lesson 3.2: Vocabulary Il

Name Class Date

Fill in the blank with the appropriate term.

1. The is often considered to be the cell’s control center.

2. The consists of everything inside the plasma membrane of the cell.

3. The plasma membrane forms a between the inside and outside of the cell.
4. The is essentially a “skeleton” inside the cell.

. helps the cell maintain its shape and holds cell organelles in place within the cytoplasm

. organelle that processes proteins and prepares them for use both inside and outside the cell
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5. The rough endoplasmic reticulum is covered with

6. Lysosomes use to break down foreign matter and dead cells.

7. cells specifically have a cell wall, a large central vacuole, and chloroplasts.

8. The endoplasmic reticulum is an organelle that helps make and transport and lipids.

9. Mitochondria are sometimes referred to as the of the cell

10. Human beings have -level organization, in which groups of organs work together to do a certain
job.

11. Centrioles help make sure each daughter cell has the correct number of after the cell divides.

12. Cilia and are extensions of the plasma membrane of many cells.

Lesson 3.2: Critical Writing

Name Class Date

Thoroughly answer the question below. Use appropriate academic vocabulary and clear and complete sentences.

Discuss the properties of the plasma membrane that allow it to act as a barrier around the cell. Include the specifics
of the phospholipid bilayer.
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33 cell Transport and Homeostasis

Lesson 3.3: True or False

Name Class Date

Write true if the statement is true or false if the statement is false.
1. Passive transport needs energy.

. Active transport needs energy.

. Carrier proteins change shape when they transport substances.

. Diffusion does not require any help from other molecules.

. Facilitated diffusion does not require any help from other molecules.

. Endocytosis removes large molecules from the cell.

O 0 N N B~ W

. In diffusion, substances move from an area of lower concentration to an area of higher concentration.

. The sodium-potassium pump is a type of channel protein.

. Ions can easily flow through a carrier protein.

10. Diffusion is the osmosis of water.
11. Endocytosis and exocytosis are types of vesicle transport.
12. Channel proteins form small “holes” in the plasma membrane.

13. Transport of substances across the cell membrane helps maintain homeostasis by keeping the cell’s
conditions within normal ranges.

14. Channel proteins and carrier proteins are both transport proteins.

15. The plasma membrane controls what enters and leaves the cell.

Lesson 3.3: Critical Reading

Name Class Date

Read these passages from the text and answer the questions that follow.
Passive Transport

Passive transport occurs when substances cross the plasma membrane without any input of energy from the cell.
No energy is needed because the substances are moving from an area where they have a higher concentration to an
area where they have a lower concentration. Concentration refers to the number of particles of a substance per unit
of volume. The more particles of a substance in a given volume, the higher the concentration. A substance always
moves from an area where it is more concentrated to an area where it is less concentrated. It’s a little like a ball
rolling down a hill. It goes by itself without any input of extra energy.

Simple Diffusion
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Diffusion is the movement of a substance across a membrane, due to a difference in concentration, without any help
from other molecules. The substance simply moves from the side of the membrane where it is more concentrated
to the side where it is less concentrated. Substances that can squeeze between the lipid molecules in the plasma
membrane by simple diffusion are generally very small, hydrophobic molecules, such as molecules of oxygen and
carbon dioxide.

Osmosis

Osmosis is a special type of diffusion — the diffusion of water molecules across a membrane. Like other molecules,
water moves from an area of higher concentration to an area of lower concentration. Water moves in or out of a cell
until its concentration is the same on both sides of the plasma membrane.

Facilitated Diffusion

Water and many other substances cannot simply diffuse across a membrane. Hydrophilic molecules, charged ions,
and relatively large molecules, such as glucose, all need help with diffusion. The help comes from special proteins
in the membrane known as transport proteins. Diffusion with the help of transport proteins is called facilitated
diffusion. There are several types of transport proteins, including channel proteins and carrier proteins.

* Channel proteins form pores, or tiny holes, in the membrane. This allows water molecules and small ions to
pass through the membrane without coming into contact with the hydrophobic tails of the lipid molecules in
the interior of the membrane.

* Carrier proteins bind with specific ions or molecules, and in doing so, they change shape. As carrier proteins
change shape, they carry the ions or molecules across the membrane.

Questions

1. Explain why passive transport does not require energy.

2. What is a main difference between diffusion and facilitated diffusion?

3. Describe how simple diffusion proceeds. What kind of molecules can move across the membrane by simple
diffusion?
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4. How is water transported across the membrane?

5. What are the two types of transport proteins? Describe how they function.

Lesson 3.3: Multiple Choice

Name Class Date

Circle the letter of the correct choice.

a. Controlling what enters and leaves the cell in an important function of the

nucleus.

vesicle.

plasma membrane.
d. Golgi apparatus.

o oe

b. During diffusion, substances move from an area of concentration to an area of -
_ concentration.

a. higher, lower
b. lower, higher
c¢. higher, equal
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d. lower, equal

A channel protein does which of the following?

o

a. Carries ions or molecules across the membrane.
b. Forms tiny holes in the membrane.

c. Changes shape as it transports molecules.

d. all of the above

d. The sodium-potassium pump

uses energy to move sodium ions out of the cell and potassium ions into the cell.
uses energy to move potassium ions out of the cell and sodium ions into the cell.
moves sodium ions out of the cell and potassium ions into the cell without using energy.
d. moves potassium ions out of the cell and sodium ions into the cell without using energy.

o oe

e. Osmosis

a. is the diffusion of water.

b. is the diffusion of water and other small molecules.
c. is the diffusion of water and small ions.

d. is the diffusion of small molecules and ions.

f. Types of passive transport include which of the following? (1) simple diffusion, (2) osmosis, (3) facilitated
diffusion, (4) active transport, and (5) vesicle transport.

a. land 2
b. 1,2,and 3
c. 4and 5
d. 1,2,3,4,and 5
g. Endocytosis and exocytosis
are both a type of vesicle transport.
move very large molecules either in or out of the cell.

are both a form of active transport.
d. all of the above

c oe

h. Which of the following needs energy? (1) passive transport, (2) active transport, (3) exocytosis, and (4)
0Smosis.

a. 1 only

b. 2 only

c. 2and 3

d. 2,3,and 4

Lesson 3.3: Vocabulary |

Name Class Date

Match the vocabulary word with the proper definition.
Definitions

1. transport across a membrane without any additional energy requirement
2. the diffusion of water

3. type of vesicle transport that moves a substance into the cell

4. type of vesicle transport that moves a substance out of the cell
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special proteins in the membrane that aid diffusion

membrane protein that forms a small hole that allows ions to pass through

diffusion with the help of transport proteins

5.
6.
7. an active transport protein
8.
9.

______ 9. the movement of a substance across a membrane without any help from other molecules
10. the transport of very large molecules, such as proteins
11. transport across a membrane in which energy is required
Terms

a. active transport

b. channel protein

c. diffusion

d. endocytosis

e. exocytosis

f. facilitated diffusion

g. 0Smosis

h. passive transport

i. sodium-potassium pump

J- transport protein

k. vesicle transport

Lesson 3.3: Vocabulary Il

Name Class Date

Fill in the blank with the appropriate term.

1. By moving substances into and out of cells, , the process of keeping stable conditions inside a
cell, is maintained.

LA protein changes shape as it carries ions or molecules across the membrane.
. Exocytosis is the type of transport that moves a substance out of the cell.

transport is movement across the plasma membrane that does not require an input of energy.

2
3
4
5. The sodium-potassium is involved in the active-transport of ions.
6. Facilitated diffusion needs the help of proteins

7 refers to the number of particles of a substance per unit of volume.
8 is the type of vesicle transport that moves a substance into the cell.
9. Energy for active transport is supplied by molecules of

10. is the diffusion of water.

11. During active transport, a substance is moving from an area of concentration to an area of
concentration.
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12. Moving molecules in and out of the cell is an important role of the

Lesson 3.3: Critical Writing

Name Class Date

Thoroughly answer the question below. Use appropriate academic vocabulary and clear and complete sentences.

Discuss passive and active transport. Describe the main differences between these two types of transport, and provide
examples of each type.

50


http://www.ck12.org

www.ck|2.org

CHAPTER 4

Chapter 4. Photosynthesis and Cellular Respiration Worksheets

Photosynthesis and
Cellular Respiration Worksheets

4.1
4.2
4.3
4.4

ENERGY FOR LIFE

PHOTOSYNTHESIS: SUGAR AS FOOD
POWERING THE CELL: CELLULAR RESPIRATION
ANAEROBIC RESPIRATION
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g

(Opening image copyright by Derek Ramsey, http://en.wikipedia.org/wiki/File:Monarch_Butterfly_Danaus_plexi
ppus_Feeding_Down_3008px.jpg, and under the GNU-FDL 1.2 license.)

* Lesson 4.1: Energy for Life

* Lesson 4.2: Photosynthesis: Sugar as Food

* Lesson 4.3: Powering the Cell: Cellular Respiration
* Lesson 4.4: Anaerobic Respiration
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4.1 Energy for Life

Lesson 4.1: True or False

Name Class Date

Write true if the statement is true or false if the statement is false.

1. All life needs energy.

__ 2.CgH306 + 60, — 6CO, + 6H,0 is the chemical reaction of photosynthesis.

___ 3. Glucose is a carbohydrate that stores chemical energy in a concentrated and stable form.
4. Many scientists consider photosynthesis to be the most important life process on Earth.

______ 5. Only autotrophs can perform photosynthesis.

6. Only four types of organisms — plants, algae, fungi and some bacteria — can make food through
photosynthesis.

7. ATP is the “energy currency” of the cell, so it makes sense that a molecule of ATP contains much more
chemical energy than a molecule of glucose.

8. Whereas photosynthesis occurs in only some organisms, cellular respiration occurs in the cells of all living
things.

__ 9. Like matter, energy is also recycled by living organisms.

____10. Heterotrophs cannot make their own food.

__11. Because you are able to cook your own food in the microwave oven, you are a producer.
12. As mushrooms are fungi, they are heterotrophs.

__ 13, A food chain shows how energy and matter flow from consumers to producers.

____14. Photosynthetic animals are autotrophs.

15. Autotrophs are producers.

Lesson 4.1: Critical Reading

Name Class Date

Read these passages from the text and answer the questions that follow.
Introduction

All living things need energy, which is defined as the ability to do work. You can often see energy at work in living
things — a bird flies through the air, a firefly glows in the dark, a dog wags its tail. These are obvious ways that
living things use energy, but living things constantly use energy in less obvious ways as well.

Why Living Things Need Energy
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Inside every cell of all living things, energy is needed to carry out life processes. Energy is required to break down
and build up molecules and to transport molecules across plasma membranes. All life’s work needs energy. A lot
of energy is also simply lost to the environment as heat. The story of life is a story of energy flow — its capture, its
change of form, its use for work, and its loss as heat. Energy, unlike matter, cannot be recycled, so organisms require
a constant input of energy. Life runs on chemical energy. Where do living organisms get this chemical energy?

How Organisms Get Energy: Autotrophs and Heterotrophs

The chemical energy that organisms need comes from food. Food consists of organic molecules that store energy
in their chemical bonds. In terms of obtaining food for energy, there are two types of organisms: autotrophs and
heterotrophs.

Autotrophs

Autotrophs are organisms that make their own food. Most autotrophs use the energy in sunlight to make food in a
process called photosynthesis. Only three types of organisms — plants, algae, and some bacteria — can make food
through photosynthesis.

Autotrophs are also called producers. They produce food not only for themselves but for all other living things as
well (which are known as consumers). This is why autotrophs form the basis of food chains.

Heterotrophs

Heterotrophs are living things that cannot make their own food. Instead, they get their food by consuming other
organisms, which is why they are also called consumers. They may consume autotrophs or other heterotrophs.
Heterotrophs include all animals and fungi and many single-celled organisms. What do you think would happen to
consumers if all producers were to vanish from Earth?

Questions

1. What is energy? Give an example of how energy is used in a living organism.

2. Distinguish between autotrophs and heterotrophs.

3. Determine if the following are autotrophs or heterotrophs: (a) a giant redwood tree, (b) a spider, (c) a rose bush,
(d) a mushroom, (e) a blue whale.
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4. How is energy used in a cell?

5. Why are autotrophs considered the basis of food chains?

Lesson 4.1: Multiple Choice

Name Class Date

Circle the letter of the correct choice.

a. Photosynthesis

uses the energy in sunlight to make food.
uses the glucose in sunlight to make food.
uses the energy in sunlight to make ATP.
d. breaks down glucose to form ATP.

o oe

b. Which of the following autotrophs is also a producer?

a. amaple tree

b. the blue-green bacteria known as cyanobacteria

¢. Laurencia, a marine genus of Red Algae from Hawaii.
d. All of the above are producers.
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c¢. In the food chain grass — grasshopper — snake — hawk, which organism(s) are the heterotrophs?

the grass

the grass and grasshopper

the hawk

d. the grasshopper, snake, and hawk

o oe

d. Which of the following statements is true about glucose and ATP? (1) Glucose is made during photosynthesis.
(2) The energy in sunlight is temporarily stored in glucose before it is transferred to ATP. (3) ATP is the
energy-carrying molecule that cells use for energy. (4) The processes that make ATP and glucose also recycle

oxygen in Earth’s atmosphere.

a. statement 1 only

b. statements 2 and 3 only

c. statements 1, 2, and 3 only
d. All 4 statements are correct.

e. Photosynthesis can be described as the process that

uses carbon dioxide and water, in the presence of sunlight, to produce food (glucose) and oxygen.

o oe

uses glucose and oxygen, in the presence of sunlight, to make ATP.
d. uses carbon dioxide and water, in the presence of sunlight, to produce ATP and oxygen.

f. Which statement best describes the relationship between a consumer and a producer?

a. A lion eating an antelope.

b. A caterpillar eating a leaf.

c. A snake eating a rat.

d. A flower absorbing sunlight.

g. Which of the following statements is true?

a. The products of photosynthesis are the reactants of cellular respiration.
b. The products of cellular respiration are the reactants of photosynthesis.
c. Both statements are true.
d. Neither statement is true.

h. The correct chemical formula for photosynthesis (in the presence of sunlight) is

a. 6C02 + 602 — C(,H1206 + 6H20.
b. 6C02 + 6H20 — C6H1206 + 602.
C. C(,H1206 + 602 — 6C02 + 6H20
d. C6H1206 + 6C02 — 602 + 6H20

Lesson 4.1: Vocabulary |

Name Class Date

Match the vocabulary word with the proper definition.

Definitions
1. the process in which glucose is broken down and ATP is made
2. organism at the end of a food chain
3. shows how energy and matter flow from producers to consumers

4. also known as autotrophs

uses glucose and oxygen to produce energy for the cell (ATP), releasing carbon dioxide and water.
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_____ 5. the ability to do work
_____ 6. stores chemical energy in a concentrated, stable form
______ 7. the energy-carrying molecule that cells use for energy
_____ 8. process that stores energy from sunlight in the chemical bonds of glucose
9. organisms that make their own food
___10. all animals and fungi and many single-celled organisms
11. organisms that must eat
12. organic molecules that store energy in their chemical bonds
Terms

a. ATP

on

. autotroph

o

. cellular respiration

d. consumer

[¢)

. decomposer

f. energy

g. food

h. food chain

1. glucose

j- heterotroph

k. photosynthesis

1. producer

Lesson 4.1: Vocabulary Il

Name Class Date

Fill in the blank with the appropriate term.
. Heterotrophs are living things that cannot make their own

and are the two types of molecules organisms use for chemical energy.

. Glucose and are the products of photosynthesis.

, water, and energy are the products of cellular respiration.

1
2
3
4
5. Photosynthesis is the process in which energy from is transferred to glucose.
6 is the process in which energy from glucose is transferred to ATP.

7. Without photosynthesis, there would be no in the atmosphere.

8. All organisms burn glucose to form during cellular respiration.

9. The chemical formula of glucose is

10. Photosynthesis occurs in the , and cellular respiration occurs in the

56


http://www.ck12.org

WWW.C .01g

11. make their own food, whereas

12. Living organisms get their from food.
Lesson 4.1: Critical Writing

Name Class Date

Chapter 4.

Photosynthesis and Cellular Respiration Worksheets

get food by eating other living things.

Thoroughly answer the question below. Use appropriate academic vocabulary and clear and complete sentences.

Draw a five level food chain, identifying autotrophs, heterotrophs, producers, and consumers.
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4.2 Photosynthesis: Sugar as Food

Lesson 4.2: True or False

Name Class Date

Write true if the statement is true or false if the statement is false.

1. Photosynthesis provides almost all of the energy used by living things on Earth.

2. Earth’s oxygen comes from photosynthesis.
3.

In photosynthesis, the Calvin cycle comes before the light reactions.

ATP and NADPH are the reactants of the light reactions.

Electron transport occurs in the thylakoid membranes.

6. All cells have chloroplasts.

During the Calvin cycle, NADPH and ATP are used to make glucose.

8. Photons of sunlight can excite and energize electrons.

4.
5.
7.
9. A chemiosmotic gradient causes hydrogen ions to flow across the thylakoid membrane into the stroma.
10. Like photosynthesis, chemosynthesis also relies on sunlight.

11. Two turns of the Calvin cycle produce two molecules of glucose.

12. The Calvin cycle takes place in the stroma surrounding the thylakoid membranes of the chloroplast.
13. During the light reactions, water molecules are made.

14. Light is absorbed by photosystems in the thylakoid membranes of chloroplasts.
15. Both stages of photosynthesis need sunlight to proceed.

Lesson 4.2: Critical Reading

Name Class Date

Read these passages from the text and answer the questions that follow.
Photosynthesis Stage I: The Light Reactions

The first stage of photosynthesis is called the light reactions. During this stage, light is absorbed and transformed to
chemical energy in the bonds of NADPH and ATP. You can read about this process below.

Steps of the Light Reactions

The light reactions occur in several steps, all of which take place in the thylakoid membrane.

» Step 1: Units of sunlight, called photons, strike a molecule of chlorophyll in photosystem II of the thylakoid
membrane. The light energy is absorbed by two electrons (2 ™) in the chlorophyll molecule, giving them
enough energy to leave the molecule.

58


http://www.ck12.org

www.ck|Z.org Chapter 4. Photosynthesis and Cellular Respiration Worksheets

» Step 2: At the same time, enzymes in the thylakoid membrane use light energy to split apart a water molecule.
This produces:

— two electrons (2e7). These electrons replace the two electrons that were lost from the chlorophyll
molecule in Step 1.

— an atom of oxygen (O). This atom combines with another oxygen atom to produce a molecule of oxygen
gas (O,), which is released as a waste product.

— two hydrogen ions (2H"). The hydrogen ions, which are positively charged, are released inside the
membrane in the thylakoid interior space.

» Step 3: The two excited electrons from Step 1 contain a great deal of energy, so, like hot potatoes, they need
something to carry them. They are carried by a series of electron-transport molecules, which make up an
electron transport chain. The two electrons are passed from molecule to molecule down the chain. As this
happens, their energy is captured and used to pump more hydrogen ions into the thylakoid interior space.

» Step 4: When the two electrons reach photosystem I, they are no longer excited. Their energy has been
captured and used, and they need more energy. They get energy from light, which is absorbed by chlorophyll
in photosystem 1. Then, the two re-energized electrons pass down another electron transport chain.

* Step 5: Enzymes in the thylakoid membrane transfer the newly re-energized electrons to a compound called
NADP*. Along with a hydrogen ion, this produces the energy-carrying molecule NADPH. This molecule is
needed to make glucose in the Calvin cycle.

» Step 6: By now, there is a greater concentration of hydrogen ions — and positive charge — in the thylakoid
interior space. This difference in concentration and charge creates what is called a chemiosmotic gradient. It
causes hydrogen ions to flow back across the thylakoid membrane to the stroma, where their concentration
is lower. Like water flowing through a hole in a dam, the hydrogen ions have energy as they flow down
the chemiosmotic gradient. The enzyme ATP synthase acts as a channel protein and helps the ions cross
the membrane. ATP synthase also uses their energy to add a phosphate group (Pi) to a molecule of ADP,
producing a molecule of ATP. The energy in ATP is needed for the Calvin cycle.

Questions

1. In one sentence, describe what happens during the light reactions.

2. In which step(s) of the light reactions is sunlight absorbed?

3. Why is water “split” during the light reactions?
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4. What is an electron transport chain? What is its role during these light reactions?

5. How is ATP made during the light reactions?

Lesson 4.2: Multiple Choice

Name Class Date

Circle the letter of the correct choice.

a. Most autotrophs make “food” through the process of

a. cellular respiration.
b. chemosynthesis.
c. homeostasis.

d. photosynthesis.

b. The correct sequence of events in the light reactions is

absorption of sunlight, electrons flow down the electron transport chain, ATP is made, NADPH is made.
absorption of sunlight, splitting of water, electrons flow down the electron transport chain, ATP is made.
electrons flow down the electron transport chain, NADPH is made, ATP is made, water is split.

absorption of sunlight, electrons flow down the electron transport chain, NADPH is made, water is split.

oo

60


http://www.ck12.org

www.ck|Z.org Chapter 4. Photosynthesis and Cellular Respiration Worksheets

c. The Calvin cycle occurs

a. in the granum of the thylakoid membranes of the chloroplast.

b. in the stroma surrounding the inner membrane of the chloroplast.

c¢. in the stroma surrounding the thylakoid membranes of the chloroplast.
d. in the granum inside the inner membrane of the chloroplast.

d. By the end of the light reactions, energy from sunlight

a. has been stored in chemical bonds of NADPH and ATP.
b. has been transferred to glucose.

c. has entered the Calvin cycle.

d. is ready for use in the cell.

e. ATP synthase is

a. both an enzyme that makes ATP and a channel protein, and helps hydrogen ions cross the thylakoid
membrane.

b. both an enzyme that makes ATP and a channel protein, and helps hydrogen ions cross the chloroplast
inner membrane.

c. both an enzyme that makes ATP and a carrier protein, and helps hydrogen ions cross the thylakoid
membrane.

d. both an enzyme that makes ATP and a carrier protein, and helps hydrogen ions cross the chloroplast
inner membrane.

f. Essentially, the oxygen we breathe is

necessary for the light reactions to proceed.

a waste product of photosynthesis.

a reactant of the Calvin cycle.

d. essential for the homeostasis of the plant cell.

o oe

g. The Calvin cycle

a. starts with the molecule RuBP.

b. uses the energy in ATP and NADPH from the light reactions.
c. turns twice to produce one molecule of glucose.

d. all of the above

h. How do bacteria that live deep below the ocean’s surface make food?

a. by photosynthesis

b. by chemosynthesis

c. by cellular respiration

d. They eat other organisms.

Lesson 4.2: Vocabulary |

Name Class Date

Match the vocabulary word with the proper definition.
Definitions

1. a green pigment

2. main product of photosynthesis

3. process in which chemical energy, instead of sunlight, is used to make “food”
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. process in which sunlight is used to make “food”

4

5. sac-like membranes that make up the grana within the chloroplast

6. organelle of photosynthesis

7. space outside the thylakoid membranes within the chloroplast

8. energy carrying molecule

___ 9. series of electron-transport molecules, which pass electrons from molecule to molecule
10. groups of molecules where sunlight is absorbed during the light reactions

___11. stage of photosynthesis in which the energy from sunlight is stored in ATP and NADPH
12. stage of photosynthesis in which glucose is made

Terms

a. Calvin cycle

b. chemosynthesis

c. chlorophyll
d. chloroplast

o

. electron transport chain

lmz)

glucose

g. light reactions
h. NADPH

i. photosynthesis
j- photosystem
k. stroma

1. thylakoid membrane

Lesson 4.2: Vocabulary Il

Name Class Date

Fill in the blank with the appropriate term.

1. are the organelles where photosynthesis takes place.

2. Stage I of photosynthesis is called the

3. Stage II of photosynthesis is called the

4. During the first stage of photosynthesis, a molecule of gas is released.

5. Making food with chemical energy instead of sunlight is called

6. Chloroplasts contain , which are made out of sac-like membranes, known as
membranes.

7. Most make food using photosynthesis.

8. The green pigment, , absorbs light to start photosynthesis.
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9. During the first stage of photosynthesis, two are passed from molecule to molecule down the
electron-transport chain.

10. turns of the Calvin cycle produce one molecule of
11. During the light reactions, and are produced.
12. During the Calvin cycle, is produced.

Lesson 4.2: Critical Writing

Name Class Date

Thoroughly answer the question below. Use appropriate academic vocabulary and clear and complete sentences.

What are the two stages of photosynthesis? Discuss these two stages and how they are related.
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4.3 Powering the Cell: Cellular Respiration

Lesson 4.3: True or False

Name Class Date

Write true if the statement is true or false if the statement is false.
1. Like photosynthesis, cellular respiration begins with an electron transport chain.
2. Cellular respiration that proceeds in the presence of oxygen is called aerobic respiration.

3. Oxygen is the final electron acceptor during anaerobic respiration.
____ 4. Cellular respiration occurs in the mitochondria.
_____ 5. Mitochondria posses their own DNA and ribosomes.
____ 6
7. The Krebs cycle comes after glycolysis, during cellular respiration.

Cellular respiration begins with the absorption of sunlight by the mitochondria photosystems.

. Just like the chloroplast, the stroma separates the inner and outer membranes of the mitochondria.

8

___ 9. ATP synthase pumps, by active transport, hydrogen ions back into the mitochondria matrix.
10. The first reaction of the Krebs cycle produces citric acid.

__11. One molecule of glucose holds enough energy to produce up to 38 ATP.

___12. The Krebs cycle produces four ATP.

___13. Whereas plants perform photosynthesis, plants and animals perform cellular respiration.

___14. Aerobic respiration evolved prior to anaerobic respiration.

15. Two NADPH are made during glycolysis.

Lesson 4.3: Critical Reading

Name Class Date

Read these passages from the text and answer the questions that follow.

Cellular Respiration Stage III: Electron Transport

Electron transport is the final stage of aerobic respiration. In this stage, energy from NADH and FADH,, which
result from the Krebs cycle, is transferred to ATP. Can you predict how this happens? (Hint: How does electron

transport occur in photosynthesis?)

Transporting Electrons

High-energy electrons are released from NADH and FADH,, and they move along electron transport chains, like
those used in photosynthesis. The electron transport chains are on the inner membrane of the mitochondrion. As
the high-energy electrons are transported along the chains, some of their energy is captured. This energy is used to
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pump hydrogen ions (from NADH and FADH;) across the inner membrane, from the matrix into the intermembrane
space.

Making ATP

The pumping of hydrogen ions across the inner membrane creates a greater concentration of the ions in the inter-
membrane space than in the matrix. This chemiosmotic gradient causes the ions to flow back across the membrane
into the matrix, where their concentration is lower. ATP synthase acts as a channel protein, helping the hydrogen
ions cross the membrane. It also acts as an enzyme, forming ATP from ADP and inorganic phosphate. After passing
through the electron-transport chain, the “spent” electrons combine with oxygen to form water. This is why oxygen
is needed; in the absence of oxygen, this process cannot occur.

How Much ATP?

You have seen how the three stages of aerobic respiration use the energy in glucose to make ATP. How much ATP is
produced in all three stages? Glycolysis produces 2 ATP molecules, and the Krebs cycle produces 2 more. Electron
transport begins with several molecules of NADH and FADH, from the Krebs cycle and transfers their energy into as
many as 34 more ATP molecules. All told, then, up to 38 molecules of ATP can be produced from just one molecule
of glucose in the process of aerobic respiration.

Questions

1. In photosynthesis, electron transport comes at the beginning of the process. Where does electron transport occur
during cellular respiration?

2. What is the role of the electron transport chain in cellular respiration?

3. Why is the role of oxygen in cellular respiration?
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4. Describe ATP synthase and its role.

5. Summarize how up to 38 molecules of ATP are produced for each glucose molecule.

Lesson 4.3: Multiple Choice

Name Class Date

Circle the letter of the correct choice.

a. Glycolysis

a. uses 2 ATPs and makes 2 ATPs, 2 NADHSs, and 2 pyruvates.
b. uses 2 ATPs and makes 4 ATPs, 2 NADHs, and 2 pyruvates.
c. uses 4 ATPs and makes 2 ATPs, 2 NADHs, and 2 pyruvates.
d. uses 2 ATPs and makes 4 ATPs, 4 NADHs, and 2 pyruvates.

b. Cellular respiration in the presence of oxygen is called
a. anaerobic respiration.
b. glycolysis.
c. aerobic respiration.
d. oxygen respiration.

c. The correct order of stages of cellular respiration is

a. glycolysis - the Calvin cycle - electron transport.
b. the light reactions - glycolysis - the Krebs cycle.
c. glycolysis - the Krebs cycle - electron transport.
d. electron transport - glycolysis - the Krebs cycle.

d. Where are the electron transport chains of cellular respiration located?

a. in the inner membrane of the mitochondrion
b. in the matrix of the mitochondrion
c¢. in the intermembrane space of the mitochondrion
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d. in the outer membrane of the mitochondrion
e. The final electron acceptor at the end of cellular respiration is

hydrogen.
oxygen.
water.

d. ATP synthase.

o oe

f. The chemical formula of cellular respiration is

a. 6C02 + 6H20 — C6H1206 + 602.
b. C6H1206 + O, — CO, + HyO.
C. C02 + HQO — C6H1206 + 02.
d. C6H1206 + 602 — 6C02 + 6H20.

g. The chemiosmotic gradient of cellular respiration is an

a. ion gradient made by the pumping of hydrogen ions across the inner membrane using the energy of
electrons as they are transported down the electron transport chain.

b. ion gradient made by the pumping of hydrogen ions across the outer membrane using the energy of
electrons as they are transported down the electron transport chain.

c. ion gradient made by the pumping of oxygen ions across the inner membrane using the energy of
electrons as they are transported down the electron transport chain.

d. ion gradient made by the diffusion of hydrogen ions across the inner membrane using the energy of
electrons as they are transported down the electron transport chain.

h. In the presence of oxygen, one glucose molecule has the energy to make up to

a. 4 FADH,.

b. 12 NADH.

c. 38 ATP.

d. all of the above

Lesson 4.3: Vocabulary |

Name Class Date

Match the vocabulary word with the proper definition.
Definitions

1. channel protein and enzyme that makes ATP
_____ 2. also known as the Krebs cycle

3. energy-carrying compound produced during the Krebs cycle

end product of glycolysis

cellular respiration in the absence of oxygen

a greater concentration of hydrogen ions in the intermembrane space than in the mitochondrial matrix

stage II of cellular respiration

4,
5.
6. energy-carrying compound involved in stage I and stage II of cellular respiration
7.
8.
9.

“folds” created by the mitochondria inner membrane

10. glucose splitting
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___11. involved in stage III of cellular respiration
12. cellular respiration in the presence of oxygen
Terms
a. aerobic respiration
b. anaerobic respiration
. ATP synthase

c
d. chemiosmotic gradient

o

. citric acid cycle

=

cristae

g. electron transport chain
h. FADH,»

i. glycolysis

J- Krebs cycle

k. NADH

1. pyruvate

Lesson 4.3: Vocabulary Il

Name Class Date

Fill in the blank with the appropriate term.

1. The reactions of cellular respiration can be grouped into three stages: , the cycle,
and electron transport.

2. Cellular respiration in the absence of oxygen is called respiration.

3. The last two stages of cellular respiration occur in the

4. Most of the ATP is produced in stage of cellular respiration.

5. is the final electron acceptor at the end of the electron transport chain, when water is formed.

6. During glycolysis, enzymes split a molecule of glucose into two molecules of

7 releases the energy in glucose to make ATP.

8. During the Krebs cycle, energy is captured in molecules of , , and FADH,.

9 is the molecule that enters the Krebs cycle.

10. During glycolysis, molecules of ATP are used, and molecules of ATP are made.
11. is the enzyme that produces ATP during the final stage of cellular respiration.

12. In all three stages of aerobic respiration, up to molecules of ATP may be produced from a single

molecule of glucose.

68


http://www.ck12.org

www.ck|Z.org Chapter 4. Photosynthesis and Cellular Respiration Worksheets

Lesson 4.3: Critical Writing

Name Class Date

Thoroughly answer the question below. Use appropriate academic vocabulary and clear and complete sentences.

Discuss why photosynthesis and cellular respiration can be described as a cycle.
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44 Anaerobic Respiration

Lesson 4.4: True or False

Name Class Date

Write true if the statement is true or false if the statement is false.

1. Fermentation is the process of making ATP in the presence of oxygen.

2. Aerobic respiration evolved after oxygen was added to Earth’s atmosphere.

3

Anaerobic respiration lets organisms live in places where there is little or no oxygen.
Alcoholic fermentation explains why bread dough rises.

Fermentation recycles NADP™.

_ 4
5
7

Some plants and fungi and many bacteria do not need oxygen.

Some organisms may not be able to survive in the presence of oxygen.

6. Anaerobic respiration is a very slow process.

8.

9. Alcoholic fermentation explains why your muscles are sore after intense exercise.
10. There are three types of fermentation: anaerobic, aerobic, and cellular.
11. Some organisms can use both aerobic and anaerobic respiration.

__12. Most living things use glucose to make ATP from oxygen.

___13. Bread rises because of alcoholic fermentation.

___14. Fermentation allows glycolysis to continue in the absence of oxygen.

15. Anaerobic respiration produces much more ATP than aerobic respiration.

Lesson 4.4: Critical Reading

Name Class Date

Read these passages from the text and answer the questions that follow.

Fermentation

An important way of making ATP without oxygen is called fermentation. It involves glycolysis but not the other
two stages of aerobic respiration. Many bacteria and yeasts carry out fermentation. People use these organisms
to make yogurt, bread, wine, and biofuels. Human muscle cells also use fermentation. This occurs when muscle
cells cannot get oxygen fast enough to meet their energy needs through aerobic respiration. There are two types of

fermentation: lactic acid fermentation and alcoholic fermentation. Both types of are described below.

Lactic Acid Fermentation

In lactic acid fermentation, pyruvic acid from glycolysis changes to lactic acid. In the process, NAD™ forms
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from NADH. NAD™, in turn, lets glycolysis continue. This results in additional molecules of ATP. This type of
fermentation is carried out by the bacteria in yogurt. It is also used by your own muscle cells when you work them
hard and fast.

Did you ever run a race and notice that your muscles feel tired and sore afterward? This is because your muscle cells
used lactic acid fermentation for energy. This causes lactic acid to build up in the muscles. It is the buildup of lactic
acid that makes the muscles feel tired and sore.

Alcoholic Fermentation

In alcoholic fermentation, pyruvic acid changes to alcohol and carbon dioxide. NAD™ also forms from NADH,
allowing glycolysis to continue making ATP. This type of fermentation is carried out by yeasts and some bacteria. It
is used to make bread, wine, and biofuels.

@ 2co,
57

2 Pyruvic Acid 2 NADH 2 NAD* 2 Ethanol

Alcoholic fermentation produces ethanol and NAD ™. The NAD™ allows glycolysis to continue making ATP. (Image
courtesy of CK-12 Foundation and under the Creative Commons license CC-BY-NC-SA 3.0.)

Have your parents ever put corn in the gas tank of their car? They did if they used gas containing ethanol. Ethanol
is produced by alcoholic fermentation of the glucose in corn or other plants. This type of fermentation also explains
why bread dough rises. Yeasts in bread dough use alcoholic fermentation and produce carbon dioxide gas. The gas
forms bubbles in the dough, which cause the dough to expand. The bubbles also leave small holes in the bread after
it bakes, making the bread light and fluffy.

Questions

1. What is fermentation?

2. Why is NAD" so important in fermentation?
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3. Both lactic acid fermentation and alcoholic fermentation begin with the same molecule. What is that molecule

and where did it come from?

4. Why is bread light and fluffy?

5. Why do your muscles get sore after intense activity?

Lesson 4.4: Multiple Choice

Name Class Date

Circle the letter of the correct choice.
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a. Complete this sentence: Most living things use to make from glucose.

a. oxygen, ATP
b. ATP, oxygen
c. NADH, NAD*
d. oxygen, NAD™

b. Which of the following organisms can perform alcoholic fermentation? (1) yeast, (2) humans, (3) bacteria.

a. 1 only
b. 1and?2
c. land 3
d. 1,2,and 3

c. Which of the following is true about anaerobic respiration?

a. Itis a very fast process.

b. It allows organisms to live in places where there is little or no oxygen.
c. It evolved before aerobic respiration.

d. All of the above are true.

d. In alcoholic fermentation

a. carbon dioxide is released.
b. NADH is recycled.

c. lactic acid is produced.

d. all of the above

e. Fermentation involves which stages of cellular respiration? (1) glycolysis, (2) the Krebs cycle, (3) electron
transport.

a. 1 only
b. 1 and 2
c. 2and 3
d. all three stages

f. In lactic acid fermentation

a. carbon dioxide is released.
b. NADH is recycled.

c. lactic acid is produced.

d. all of the above

g. After intense activity, your muscles feel sore because of

the accumulation of NAD™.

the accumulation of lactic acid.

the accumulation of ATP.

d. the accumulation of carbon dioxide.

o oe

h. Both alcoholic fermentation and lactic acid fermentation

a. start with pyruvic acid.

b. recycle NAD' from NADH.
c. allow glycolysis to continue.
d. all of the above

Lesson 4.4: Vocabulary |

Name Class Date
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Match the vocabulary word with the proper definition.
Definitions

1. an important way of making ATP without oxygen

. respiration in the absence of oxygen

. makes your muscles feel tired and sore after intense exercise

. recycles during fermentation

. perform cellular respiration in the presence of oxygen

. can use lactic acid fermentation for energy

. can use alcoholic fermentation for energy

. stage of cellular respiration that occurs with or without oxygen

O 0 N N B~ W

. product of glycolysis

__10. energy in the cell
11. fermentation in which pyruvic acid from glycolysis changes to lactic acid
12. fermentation in which pyruvic acid changes to alcohol and carbon dioxide

Terms

a. aerobic organisms

b. alcoholic fermentation

. anaerobic respiration

d. ATP

e. fermentation

f. glycolysis

g. lactic acid

h. lactic acid fermentation

i. muscle cells

j. NAD"

k. pyruvic acid

L. yeast

Lesson 4.4: Vocabulary Il

Name Class Date

Fill in the blank with the appropriate term.
1. A way of making without oxygen is called fermentation.

2. During lactic acid fermentation, NAD™ cycles back to allow to continue.

3. Fermentation involves , but not the other two stages of cellular respiration.

4. Aerobic respiration evolved after was added to Earth’s atmosphere.
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5. In fermentation, pyruvic acid changes to alcohol and carbon dioxide.
6. Organisms that can make ATP without oxygen include some plants and and also of many bacteria.
7. In fermentation, pyruvic acid from glycolysis changes to lactic acid.

8. The small holes in bread are formed by bubbles of gas, which is produced by alcoholic fermenta-
tion in yeast.

9. Without oxygen, organisms can just split glucose into molecules of pyruvate.
10. in bread dough use alcoholic fermentation and produce carbon dioxide gas.
11. Aerobic respiration produces much more than anaerobic respiration.

12. Most organisms use oxygen to make from glucose.

Lesson 4.4: Critical Writing

Name Class Date

Thoroughly answer the question below. Use appropriate academic vocabulary and clear and complete sentences.

Compare aerobic and anaerobic respiration, and discuss the advantages of each.
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CHAPTER 5 _ _
The Cell Cycle, Mitosis, and
Meiosis Worksheets
5.1 CELL DIVISION AND THE CELL CYCLE

5.2 CHROMOSOMES AND MiTOSIS
5.3 REPRODUCTION AND MEIOSIS

(Opening image courtesy of Conly Rieder and the National Institutes of Health, http://commons.wikimedia.org/wik
i/File:Mitosis-fluorescent.jpg, and under the public domain.)

* Lesson 5.1: Cell Division and the Cell Cycle

e Lesson 5.2: Chromosomes and Mitosis
* Lesson 5.3: Reproduction and Meiosis
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5411 Cell Division and the Cell Cycle

Lesson 5.1: True or False

Name Class Date

Write true if the statement is true or false if the statement is false.

1. Cell division is basically the same in prokaryotic and eukaryotic cells.
. Cytokinesis is the division of the cytoplasm.
. Mitosis is the process in which the nucleus of the cell divides.

. DNA replication results in identical chromosomes.

2
3
4
5. A cell spends most of its life in growth phase 1 of the cell cycle.
6. The S checkpoint, just before entry into S phase, makes the key decision of whether the cell should divide.
7. The correct order of phases of the cell cycle is G1 - S — G2 — M.

8. Interphase consists of mitosis and cytokinesis.

9. In prokaryotic cells, all organelles, such as the Golgi apparatus and endoplasmic reticulum, divide prior to
cell division.

10. Bacteria divide cells by binary fusion.
11. A mass of abnormal cells is called a tumor.

__ 12. Organelles are made during growth phase 2.

___ 13. In eukaryotic cells, DNA is replicated during the S phase of the cell cycle.
14. If the cell cycle is not regulated, cancer may develop.

15. Mitosis occurs in both prokaryotic and eukaryotic cells.

Lesson 5.1: Critical Reading

Name Class Date

Read these passages from the text and answer the questions that follow.
The Cell Cycle

Cell division is just one of several stages that a cell goes through during its lifetime. The cell cycle is a repeating
series of events, including growth, DNA synthesis, and cell division. The cell cycle in prokaryotes is quite simple:
the cell grows, its DNA replicates, and the cell divides. In eukaryotes, the cell cycle is more complicated.

Eukaryotic Cell Cycle

The diagram in the figure below represents the cell cycle of a eukaryotic cell. As you can see, the eukaryotic cell
cycle has several phases. The mitosis phase (M) actually includes both mitosis and cytokinesis. This is when the
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nucleus and then the cytoplasm divide. The other three phases (G1, S, and G2) are generally grouped together as
interphase. During interphase, the cell grows, performs routine life processes, and prepares to divide. These phases
are discussed below.

(Mitotic phase) O

GO

Resting

I

(Interphase)

Eukaryotic Cell Cycle. This diagram represents the cell cycle in eukaryotes. The G1, S, and G2 phases make up
interphase (I). The M phase includes mitosis and cytokinesis. After the M phase, two cells result. (Image courtesy
of CK-12 Foundation and under the Creative Commons license CC-BY-NC-SA 3.0.)

Interphase

Interphase of the eukaryotic cell cycle can be subdivided into the following three phases, which are represented in
the figure above:

* Growth Phase 1 (G1): During this phase, the cell grows rapidly, while performing routine metabolic pro-
cesses. It also makes proteins needed for DNA replication and copies some of its organelles in preparation for
cell division. A cell typically spends most of its life in this phase.

* Synthesis Phase (S): During this phase, the cell’s DNA is copied in the process of DNA replication.

* Growth Phase 2 (G2): During this phase, the cell makes final preparations to divide. For example, it makes
additional proteins and organelles.

Cancer and the Cell Cycle

Cancer is a disease that occurs when the cell cycle is no longer regulated. This may happen because a cell’s
DNA becomes damaged. Damage can occur because of exposure to hazards such as radiation or toxic chemicals.
Cancerous cells generally divide much faster than normal cells. They may form a mass of abnormal cells called a
tumor. The rapidly dividing cells take up nutrients and space that normal cells need. This can damage tissues and
organs and eventually lead to death.

Questions

1. What is the cell cycle?
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2. What are the phases of the eukaryotic cell cycle?

3. In which phase does a cell spend most of its life? What happens during this phase?

4. What is cancer? What may cause cancer to occur?

5. What is the S phase? What happens during this phase?
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Lesson 5.1: Multiple Choice

Name Class Date

Circle the letter of the correct choice.

a. Which cells undergo cell division?

prokaryotic cells only

eukaryotic cells only

cancer cells only

d. both prokaryotic and eukaryotic cells

o oe

b. Cell division in eukaryotic cells is a complex process because of

the multiple chromosomes.
the nucleus.

the many organelles.

d. all of the above

o oe

c. Most routine metabolic processes occur during which phase of the cell cycle?

a. growth phase 1
b. the S phase

c. growth phase 2
d. the M phase

d. The correct order of the eukaryotic cell cycle is

a. G1 - G2—-S — M.
b. S— Gl - G2 - M.
c. M— Gl - S — G2
d G1-S—>G2—>M.

e. The correct order of prokaryotic cell division is

a. cytokinesis — DNA replication — chromosome segregation.
b. DNA replication — chromosome segregation — cytokinesis.
c. growth — DNA replication — mitosis.

d. DNA replication— mitosis — cytokinesis.

f. Which cell cycle checkpoint determines whether the DNA has been replicated correctly?

a. the cell growth checkpoint

b. the DNA synthesis checkpoint
c. the mitosis checkpoint

d. the G2 checkpoint

g. What happens during mitosis?

a. The nucleus of the cell divides.

b. The cytoplasm of the cell divides.
c. The cell divides.

d. The DNA replicates.

h. Cell division in prokaryotic cells is called

binary fission.
binary fusion.
mitosis.
cytokinesis.

oo
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Lesson 5.1: Vocabulary |

Name Class

Date

Match the vocabulary word with the proper definition.

Definitions

1. the process in which one cell divides to form two daughter cells

. the process by which bacterial cells divide

2. the process in which all of the nuclear DNA is copied
. arepeating series of events that describes the life of a cell

. phase of the cell cycle that includes the G1, S, and G2 phases

. occurs when the cell cycle is no longer regulated

3
4
5
6. phase of the cell cycle in which the cell’s DNA is copied
7
8. phase of the cell cycle in which the cell grows rapidly and performs many metabolic processes
9

. phase of the cell cycle in which the cell makes final preparations to divide.

10. division of the cytoplasm, resulting in two daughter cells

11. an abnormal mass of cells

12. the process in which the nucleus of the cell divides

Terms

a. binary fission
b. cancer

c. cell cycle

d. cell division

e. cytokinesis

f. DNA replication
g. growth Phase 1
h. growth phase 2
i. interphase

J- mitosis

k. synthesis phase

1. tumor

Lesson 5.1: Vocabulary Il

Name Class

Date

Fill in the blank with the appropriate term.

1. Cancer is a disease that occurs when the

is no longer regulated.

Chapter 5. The Cell Cycle, Mitosis, and Meiosis Worksheets
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2. During , the nucleus of the cell divides.

3. consists of the G1, S, and G2 phases of the cell cycle.

4. During the phase, the cell’s DNA is copied in the process of DNA replication.

5. Cell division in occurs by binary fission.

6. During mitosis, the are sorted and separated to ensure that each daughter cell receives a complete
set.

7. During cytokinesis, the divides.

8. in the cell cycle ensure that the cell is ready to proceed before it moves on to the next phase of the
cycle.

9. After cell division, the new cells are referred to as cells.

10. Chromosome refers to the two chromosomes separating and moving to opposite ends of the cell.
11. In eukaryotes, the first step in cell division is , and the second step is cytokinesis.

12. The cell cycle is controlled by regulatory at three key checkpoints.

Lesson 5.1: Critical Writing

Name Class Date

Thoroughly answer the question below. Use appropriate academic vocabulary and clear and complete sentences.

Describe the eukaryotic cell cycle, listing and discussing the main events of each phase.
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- Chromosomes and Mitosis

Lesson 5.2: True or False

Name Class Date

Write true if the statement is true or false if the statement is false.
1. A chromatid is made of two identical chromosomes.

2. There may be thousands of genes on a single chromosome.

3

Prophase is the first phase of mitosis.

Female human cells have 23 pairs of homologous chromosomes.

Mitosis occurs in the following order: prophase - metaphase - telophase - anaphase.

4
5
7. During mitosis, DNA exists as chromatin.

A gene contains the instructions to make a protein.

6. The process in which the cell divides is called mitosis.
8.
9. Chromosomes form during metaphase.

10. Mitosis is the phase of the eukaryotic cell cycle that occurs between DNA replication and the second
growth phase.

_11. Sister chromatids are identical.
12. Chromatids separate during anaphase.
13. Chromosomes are coiled structures made of DNA and proteins.
14. Human cells have 64 chromosomes.

15. Cytokinesis is the final stage of cell division.

Lesson 5.2: Critical Reading

Name Class Date

Read these passages from the text and answer the questions that follow.
Chromosomes

Chromosomes are coiled structures made of DNA and proteins. Chromosomes are the form of the genetic material
of a cell during cell division. During other phases of the cell cycle, DNA is not coiled into chromosomes. Instead, it
exists as a grainy material called chromatin.

Chromatids and the Centromere

DNA condenses and coils into the familiar X-shaped form of a chromosome only after it has replicated, as seen in
the figure below. Because DNA has already replicated, each chromosome actually consists of two identical copies.
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The two copies are called sister chromatids. They are attached to one another at a region called the centromere.

Chromosome

Centromere

i

//Chromatid

Chromosome. After DNA replicates, it forms chromosomes like the one shown here. (Image copyright Cre8tive
Images, 2010. Used under license from Shutterstock.com. Text added by CK-12 Foundation.)

Chromosomes and Genes

The DNA of a chromosome is encoded with genetic instructions for making proteins. These instructions are
organized into units called genes. Most genes contain the instructions for a single protein. There may be hundreds
or even thousands of genes on a single chromosome.

Human Chromosomes

Human cells normally have two sets of chromosomes, one set inherited from each parent. There are 23 chromosomes
in each set, for a total of 46 chromosomes per cell. Each chromosome in one set is matched by a chromosome of the
same type in the other set, so there are actually 23 pairs of chromosomes per cell. Each pair consists of chromosomes
of the same size and shape that also contain the same genes. The chromosomes in a pair are known as homologous
chromosomes.

Questions

1. What is a chromosome? What is it made out of?

2. What are homologous chromosomes? How many homologous pairs are in a human cell?
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3. What is the main difference between chromatin and chromosomes?

4. Why do chromosomes look like an “X”?

5. What is a gene?

Lesson 5.2: Multiple Choice

Name Class Date

Circle the letter of the correct choice.

a. Why is it necessary for the DNA to replicate prior to cell division?

so that each daughter cell will have 23 chromosomes

so that each daughter cell will have a complete copy of the genetic material
so that each daughter cell will have 46 homologous chromosomes

d. so that each daughter cell will have 2 sister chromatids

o oe

b. Why do chromosomes have an X-shape?

a. because they are made of two sister chromatins
b. because they are made of two sister centromeres
c. because they are made of two sister chromosomes
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d. because they are made of two sister chromatids
c. Chromosomes form during what part of the cell cycle?

a. prophase of mitosis

b. the end of the G2 phase

c. right after S phase and DNA replication
d. during cytokinesis

d. The correct order of phases during mitosis is

a. telophase—prophase—metaphase—anaphase
b. prophase—anaphase—metaphase—telophase
c. prophase—metaphase—telophase—anaphase
d. prophase—metaphase—anaphase—telophase

e. How many chromosomes are in a normal human cell?

a. 23
b. 32
c. 46
d. 64

f. When do the sister chromatids line up at the equator of the cell?

a. metaphase
b. anaphase
c. prophase
d. telophase

g. Which of the following statements concerning cytokinesis is correct? (1) cytokinesis occurs in both prokary-
otes and eukaryotes, (2) cytokinesis is when the cytoplasm splits in two, (3) in plant cells, cytokinesis involves
the formation of a cell plate.

a. 1 only

b. 2 only

c. land2

d. 1,2,and 3

h. During which phase of mitosis do the sister chromatids separate?

prophase
telophase
anaphase
metaphase

/o o

Lesson 5.2: Vocabulary |

Name Class Date

Match the vocabulary word with the proper definition.
Definitions
1. division of the nucleus
2. region of the chromosome where sister chromatids are attached
___ 3. division of the cytoplasm

4. phase of mitosis in which spindle fibers attach to the centromere of each pair of sister chromatids
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coiled structures made of DNA and proteins

phase of mitosis in which sister chromatids separate and the centromeres divide

two copies of replicated DNA that make a chromosome

5.
6.
7. a segment of DNA with the genetic instructions to make a protein
8.
9.

9. the first and longest phase of mitosis
___10. uncoiled DNA
11. a pair of the same chromosome
12. phase of mitosis in which the chromosomes begin to uncoil and form chromatin
Terms
a. anaphase
b. centromere
c. chromatid
d. chromatin
e. chromosome
f. cytokinesis
g. gene
h. homologous chromosomes
1. metaphase
j- mitosis
k. prophase
L. telophase

Lesson 5.2: Vocabulary Il

Name Class Date

Fill in the blank with the appropriate term.
. Chromosomes are coiled structures made of and proteins.
is the division of the nucleus.
. During , sister chromatids line up at the equator, or center, of the cell.

is the division of the cytoplasm.

A contains genetic the instructions for making proteins.
. During anaphase, sister separate and the centromeres divide.

. The four phases of mitosis, in order, are

1
2
3
4
5. There may be hundreds or even thousands of genes on a single
6
7
8
9

. Human cells normally have chromosomes.

10. A new nuclear membrane forms during
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11. The fibers ensure that sister chromatids will separate when the cell divides.

12. When a chromosome first forms, it actually consists of two sister

Lesson 5.2: Critical Writing

Name Class Date

Thoroughly answer the question below. Use appropriate academic vocabulary and clear and complete sentences.

Describe the structure of a chromosome, using proper vocabulary. Discuss when and why a chromosome forms.
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53 Reproduction and Meiosis

Lesson 5.3: True or False

Name Class Date

Write true if the statement is true or false if the statement is false.
1. The basic types of reproduction are asexual reproduction, binary reproduction and sexual reproduction.

2. Sexual reproduction always involves two parents.

3

Asexual reproduction always involves two parents.
Meiosis starts with one cell and ends with four.

“Crossing-over” can occur in meiosis I but not meiosis II.

___ 4
5
7. A zygote is the first cell of a new organism.

Meiosis I and mitosis are very similar.

6. Prokaryotes go through meiosis I and eukaryotes go through meiosis II.
8.
__ 9. In humans, a gamete will have 23 chromosomes.

10. In binary fission, parent and offspring are identical.

11. In sexual reproduction, parents and offspring are never identical.
12, Gametes are diploid, a zygote is haploid.
__13. Egg and sperm are diploid gametes.
___14. Meiosis is involved in the production of gametes.

15. Starfish can reproduce by fragmentation - that is, a whole new fish can grow from just a single arm.

Lesson 5.3: Critical Reading

Name Class Date

Read these passages from the text and answer the questions that follow.
Meiosis

The process that produces haploid gametes is meiosis. Meiosis is a type of cell division in which the number
of chromosomes is reduced by half. It occurs only in certain special cells of the organisms. During meiosis,
homologous chromosomes separate, and the haploid cells that form have only one chromosome from each pair.
Two cell divisions occur during meiosis, and a total of four haploid cells are produced. The two cell divisions are
called meiosis I and meiosis II.

Phases of Meiosis

Meiosis I begins after DNA replicates during interphase. In both meiosis I and meiosis II, cells go through the same
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four phases as mitosis. However, there are important differences between meiosis I and mitosis.

Meiosis I

a. Prophase I: The nuclear envelope begins to break down, and the chromosomes condense. Centrioles start

moving to opposite poles of the cell, and a spindle begins to form. Importantly, homologous chromosomes
pair up, which is unique to prophase I. In prophase of mitosis and meiosis II, homologous chromosomes do
not form pairs in this way.

. Metaphase I: Spindle fibers attach to the paired homologous chromosomes. The paired chromosomes line up

along the equator of the cell. This occurs only in metaphase I. In metaphase of mitosis and meiosis II, it is
sister chromatids that line up along the equator of the cell.

. Anaphase I: Spindle fibers shorten, and the chromosomes of each homologous pair start to separate from each

other. One chromosome of each pair moves toward one pole of the cell, and the other chromosome moves
toward the opposite pole.

. Telophase I and Cytokinesis: The spindle breaks down, and new nuclear membranes form. The cytoplasm of

the cell divides, and two haploid daughter cells result. The daughter cells each have a random assortment of
chromosomes, with one from each homologous pair. Both daughter cells go on to meiosis II.

Meiosis 11

o

. Prophase II: The nuclear envelope breaks down and the spindle begins to form in each haploid daughter cell

from meiosis 1. The centrioles also start to separate.

b. Metaphase II: Spindle fibers line up the sister chromatids of each chromosome along the equator of the cell.

Anaphase II: Sister chromatids separate and move to opposite poles.

. Telophase II and Cytokinesis: The spindle breaks down, and new nuclear membranes form. The cytoplasm of

each cell divides, and four haploid cells result. Each cell has a unique combination of chromosomes.

Questions

1. Define meiosis.

2. Is the DNA replicated after meiosis I? Why or why not?

3. Describe the main difference between metaphase I and metaphase II.
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4. State the phase where each of the following processes occurs: (a) sister chromatids separate, (b) homologous
chromosomes form pairs, (c) two haploid cells form.

5. What is final product of meiosis?

Lesson 5.3: Multiple Choice

Name Class Date

Circle the letter of the correct choice.

a. After meiosis there are

a. two haploid cells.
b. two haploid gametes.
c. four haploid cells.
d. four haploid gametes.

b. Which of the following is a form of asexual reproduction?

a. fragmentation
b. meiosis
c. binary fusion
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d. bubbling

¢. Which of the following is true about a zygote? (1) A zygote is the first cell of a new organism. (2) A human
zygote has 23 pairs of chromosomes. (3) A zygote is produced through fertilization.

a. 1only

b. 1and 3

c. 2and 3

d. 1,2,and 3

d. Differences between meiosis I and meiosis II include:

a. how the chromosomes line up at the equator of the cell during meiosis I or meiosis II.
b. the pairing of chromosomes in meiosis I but not meiosis II.

c. the amount of DNA in a cell at the end of meiosis I or meiosis II.

d. all of the above

e. Because of when the chromosomes pair up during meiosis, crossing-over must occur during

prophase 1II.
metaphase II.
prophase L.
anaphase 1.

o oe

A

f. Homologous chromosomes separate during

metaphase 1.
anaphase 1.

anaphase II.
telophase II.

oo

g A

Ju—

ife cycle in which organisms switch back and forth between diploid and haploid stages

a. is a haploid life cycle.

b. is a diploid life cycle.

c. is an alternation of generations life cycle.
d. does not exist.

h. The random distribution of homologous chromosomes during cell division is known as

meiosis.

independent assortment.
genetic variation.
crossing-over.

oo

Lesson 5.3: Vocabulary |

Name Class Date

Match the vocabulary word with the proper definition.

Definitions
1. the process in which two gametes unite

_____ 2. the swapping of genetic material during meiosis
3. a type of cell division in which the number of chromosomes is reduced by half
4. series of life stages and events of a sexually reproducing organism

5. involves a single parent
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______ 6. involves two parents
_____7. having half the number of chromosomes
8. having twice the number of chromosomes
_____ 9. adiploid cell
___10. ahaploid cell
____11. the development of haploid cells into gametes
12. reproductive cells that unite to form an offspring
Terms
a. asexual reproduction
b. crossing-over
c. diploid
d. egg

. fertilization

[¢)

]

gametes

g. gametogenesis

h. haploid

i. life cycle

J- meiosis

k. sexual reproduction

L. zygote

Lesson 5.3: Vocabulary Il

Name Class Date

Fill in the blank with the appropriate term.

1. When cells divide during meiosis, homologous chromosomes are randomly distributed to daughter cells, and
different chromosomes segregate of each other.

. Crossing-over is the exchange of material between homologous chromosomes.
. A human egg cell has chromosomes.

. Binary fission, fragmentation, and are types of asexual reproduction.

2
3
4
5. Meiosis is a type of cell division in which the number of chromosomes is reduced by
6. A human zygote has chromosomes.

7. The life cycle is the simplest life cycle.

8. Meiosis begins with one cell, and ends with cells.

9. Male gametes are called , and female gametes are a(n) cell.

10. During , spindle fibers attach to the paired homologous chromosomes.
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11. Organisms that have a life cycle with generations switch back and forth between diploid and
haploid stages.

12. Sexual reproduction involves parents.

Lesson 5.3: Critical Writing

Name Class Date

Thoroughly answer the question below. Use appropriate academic vocabulary and clear and complete sentences.

List three significant differences between meiosis I and meiosis II.
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CHAPTER 6
Gregor Mendel and

Genetics Worksheets

6.1 MENDEL'S INVESTIGATIONS
6.2 MENDELIAN INHERITANCE

(Opening image courtesy of Rasbak, http://commons.wikimedia.org/wiki/File:Blauwschokker_Kapucijner_rijserwt
_bloem_Pisum_sativum.jpg, and under the license of GNU-FDL 1.2.)

* Lesson 6.1: Mendel’s Investigations
* Lesson 6.2: Mendelian Inheritance
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651 Mendel’s Investigations

Lesson 6.1: True or False

Name Class Date

Write true if the statement is true or false if the statement is false.
1. A homozygous individual could have a Bb genotype.

. In Mendel’s experiments, purple flowers are dominant over white flowers.

. Heredity is the science of genetics.

. In Mendel’s initial experiments, white flowers disappeared after the first parental crosses.

. It was his knowledge of genes that allowed Mendel to interpret his data correctly.

. Having naturally light or dark skin is part of your phenotype.

. Different alleles account for much of the variation in the characteristics of organisms.

. Mendel showed that factors controlling different characteristics are inherited independently.

O o0 N N B W

. Mendel came up with the idea that two factors control a characteristic, such as pod color.

10. Mendel developed three laws of inheritance.

11. The expression of an organism’s phenotype produces its genotype.
___12. After he published his work, Mendel achieved great fame among scientists.

13. Through his experiments, Mendel was able to prove some aspects of the blending theory of inheritance.
__14. A Dd genotype has two different alleles.

15. Flowers are the reproductive organs of plants.

Lesson 6.1: Critical Reading

Name Class Date

Read these passages from the text and answer the questions that follow.
Mendel’s First Set of Experiments

At first, Mendel experimented with just one characteristic at a time. He began with flower color. As shown in the
figure below, Mendel cross-pollinated purple- and white-flowered parent plants. The parent plants in the experiments
are referred to as the P (for parent) generation.
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Parental Generation (P)

>;?

First Generation of Offspring (F;)

This diagram shows Mendel’s first experiment with pea plants. The F1 generation results from cross-pollination
of two parent (P) plants. The F2 generation results from self-pollination of F1 plants. (Image courtesy of CK-12
Foundation and under the Creative Commons license CC-BY-NC-SA 3.0.)

F1 and F2 Generations

The offspring of the P generation are called the F1 (for filial, or “offspring”) generation. As you can see from the
figure above, all of the plants in the F1 generation had purple flowers. None of them had white flowers. Mendel
wondered what had happened to the white-flower characteristic. He assumed some type of inherited factor produces
white flowers and some other inherited factor produces purple flowers. Did the white-flower factor just disappear
in the F1 generation? If so, then the offspring of the F1 generation — called the F2 generation — should all have
purple flowers like their parents. To test this prediction, Mendel allowed the F1 generation plants to self-pollinate.
He was surprised by the results. Some of the F2 generation plants had white flowers. He studied hundreds of F2
generation plants, and for every three purple-flowered plants, there was an average of one white-flowered plant.

Law of Segregation

Mendel did the same experiment for all seven characteristics. In each case, one value of the characteristic disappeared
in the F1 plants and then showed up again in the F2 plants. And in each case, 75 percent of F2 plants had one value
of the characteristic and 25 percent had the other value. Based on these observations, Mendel formulated his first
law of inheritance. This law is called the law of segregation. It states that there are two factors controlling a given
characteristic, one of which dominates the other, and these factors separate and go to different gametes when a parent
reproduces.

Questions

1. What did Mendel do in his first experiment?
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2. What was the outcome of the F1 generation in Mendel’s first experiment?

3. What was the outcome of the F2 generation in Mendel’s first experiment?

4. Did Mendel repeat his initial experiment with other characteristics? What were his results?

5. Explain the law of segregation. Discuss the reasoning Mendel used to develop this law.
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Lesson 6.1: Multiple Choice

Name Class Date

Circle the letter of the correct choice.

a. Why did Mendel choose to work with the garden pea plant?

a. Because the pea plant is easy to work with.

b. Because pea plants are fast growing.

c. Because the pea plant has a number of characteristics, each with only two forms.
d. all of the above

b. In Mendel’s first experiment

a. the F1 displayed all purple-flowered plants.

b. the F1 displayed all white-flowered plants.

c. the F2 displayed all purple-flowered plants.

d. the F2 displayed half purple-flowered and half white-flowered plants.

c. The law of independent assortment states that

a. two factors of the same characteristic separate into different gametes.

b. there are dominant and recessive factors.

c. factors controlling different characteristics are inherited independently of each other.
d. there are two factors that control inheritance.

d. Looking at your dog will give information concerning

the dog’s genotype.

the dog’s phenotype.

the dog’s recessive alleles.

d. the dog’s heterozygous alleles.

o oe

e. Which sentence is correct?

a. Different alleles of the same gene are located at the same locus on different homologous chromosomes.
b. Different alleles of the same gene are located at different loci on different homologous chromosomes.
c. Different genes of the same alleles are located at the same locus on different homologous chromosomes.
d. Different alleles of the same gene are located at different loci on the same chromosome.

f. An Aa individual

a. has a homozygous genotype.
b. has a heterozygous phenotype.
c. has a heterozygous genotype.
d. has a homozygous phenotype.

g. In Mendel’s initial experiments, an example of the F2 generation would be

a. 75 round seed plants to 25 wrinkled seed plants

b. 75 green seed plants to 25 yellow seed plants

c. 75 white-flowered plants to 25 purple-flowered plants
d. all of the above

h. Which of the following is part of the law of segregation? (1) there are two factors controlling a given
characteristic, (2) one factor is dominant over the other factor, (3) the two factors separate into different
gametes.

a. land?2
b. 1and 3
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c. 2and 3
d. 1,2,and 3

Lesson 6.1: Vocabulary |

Name Class Date

Match the vocabulary word with the proper definition.
Definitions

1. the science of heredity
_____ 2. an organism with two alleles of the same type
_____ 3. an organism with two different alleles
___ 4. different version of a gene

5. states that there are two factors controlling a given characteristic, one of which dominates the other, and
these factors separate and go to different gametes

______ 6. states that factors controlling different characteristics are inherited independently of each other
7. expressed allele in a heterozygote

____ 8. allele that is not expressed in a heterozygote

__ 9. the offspring of cross-pollination
10. fertilization process in the sexual reproduction of plants

__11. the alleles an individual inherits

__12. the expression of an organism’s genotype

Terms

a. allele

b. dominant allele

. genetics

c
d. genotype

(@)

. heterozygote

=

homozygote

g. hybrid

h. law of independent assortment
i. law of segregation

j- phenotype

k. pollination

1. recessive allele
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Lesson 6.1: Vocabulary Il

Name Class Date

Fill in the blank with the appropriate term.

1. Mendel’s discoveries formed the basis of , the science of heredity.

2. A(n) is an alternative form of a gene.

3. plants are a good choice to use by Mendel because they are fast growing and easy to raise.

4. Characteristics of organisms are controlled by on chromosomes.

5. The law of states that factors controlling different characteristics are inherited independently of
each other.

6. In Mendel’s first experiment, the F1 generation flowers were all in color.

7. In all of Mendel’s first experiments, in the F2 generation, for every purple-flowered plants, there
was an average of white-flowered plant.

8. BB would be a genotype.

9. The refers to the organism’s characteristics, such as purple or white flowers.

10. Cc would be a genotype.

11. The position of a gene on a chromosome is called its

12. The law of states that there are two factors controlling a given characteristic and these factors
separate and go to different gametes.

Lesson 6.1: Critical Writing

Name Class Date

Thoroughly answer the question below. Use appropriate academic vocabulary and clear and complete sentences.

Describe dominant and recessive alleles, providing examples from Mendel’s work.

101


http://www.ck12.org

6.2. Mendelian Inheritance www.ck12.org

- Mendelian Inheritance

Lesson 6.2: True or False

Name Class Date

Write true if the statement is true or false if the statement is false.
1. The rules of probability apply to genetics.

2. If an individual has a Gg genotype, half of his gametes should have the G allele, and the other half should
have the g allele.

3. A Punnett square is a chart that allows you to easily determine the expected genotypes in the offspring of
two parents.

4. In a cross between two homozygous dominant individuals, 25% of the offspring may have the recessive
phenotype.

5. A parent cell makes gametes through the process of mitosis.
6. It is entirely likely for a gene to have more than two alleles.

___ 7. Incomplete dominance occurs when the recessive allele is not completely dominant.
8. Your height and skin color are not just due to your genes.

9. In a cross between an individual homozygous dominant for two characteristics and an individual homozy-
gous recessive for the same characteristics, all of the F1 offspring will have the dominant phenotypes.

__10. All genetics is fairly straightforward and follows the patterns Mendel observed in pea plants.

11. Codominance occurs when, essentially, there is no recessive allele.
__12. If one parent is MM and the other parent is mm, the only possible phenotype of their offspring is Mm.
____13. The probability of inheriting either an A, B, or O allele for blood type from your parent is 33.33%.

14. In any cross between two heterozygous parents, half the offspring should have the dominant phenotype
and half the offspring should have the recessive phenotype.

15. When you toss a coin in the air, it should turn up tails 50% of the time.

Lesson 6.2: Critical Reading

Name Class Date

Read these passages from the text and answer the questions that follow.
Using a Punnett Square

A Punnett square is a chart that allows you to easily determine the expected percents of different genotypes in the
offspring of two parents. An example of a Punnett square for pea plants is shown below. In this example, both
parents are heterozygous for flower color (Bb). The gametes produced by the male parent are at the top of the chart,
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and the gametes produced by the female parent are along the side. The different possible combinations of alleles in
their offspring are determined by filling in the cells of the Punnett square with the correct letters (alleles).

?pollen o}

B b
T Y
pistil
o P

Bb bb

Punnett Square. This Punnett square shows a cross between two heterozygotes. Do you know where each letter
(allele) in all four cells comes from? (Image courtesy of CK-12 Foundation and under the Creative Commons
license CC-BY-NC-SA 3.0.)

Predicting Offspring Genotypes

In the cross shown in the figure above, you can see that one out of four offspring (25 percent) has the genotype BB,
one out of four (25 percent) has the genotype bb, and two out of four (50 percent) have the genotype Bb. These
percents of genotypes are what you would expect in any cross between two heterozygous parents. Of course, when
just four offspring are produced, the actual percents of genotypes may vary by chance from the expected percents.
However, if you considered hundreds of such crosses and thousands of offspring, you would get very close to the
expected results — just like tossing a coin.

Predicting Offspring Phenotypes

You can predict the percents of phenotypes in the offspring of this cross from their genotypes. B is dominant to
b, so offspring with either the BB or Bb genotype will have the purple-flower phenotype. Only offspring with the
bb genotype will have the white-flower phenotype. Therefore, in this cross, you would expect three out of four (75
percent) of the offspring to have purple flowers and one out of four (25 percent) to have white flowers. These are the
same percents that Mendel got in his first experiment.

Questions
You may use Punnett squares to answer the following questions.

1. What are the percents of genotypes you would expect in any cross between two heterozygous parents? Use the
letters B and b in your answer.

2. What are the percents of phenotypes you would expect in any cross between two heterozygous parents? Use the
genotypes and phenotypes in the reading above.
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3. Predict the percents of genotypes you would expect in any cross between a homozygous dominant parent and a
homozygous recessive parent.

4. Predict the percents of phenotypes you would expect in any cross between a homozygous dominant parent and a
homozygous recessive parent.

5. Predict the percents of genotypes and phenotypes you would expect in any cross between a heterozygous parent
and a homozygous recessive parent.

Lesson 6.2: Multiple Choice

Name Class Date

Circle the letter of the correct choice.

104


http://www.ck12.org

www.ck|Z.org Chapter 6. Gregor Mendel and Genetics Worksheets

a. What is the inheritance pattern when both alleles are expressed equally in the phenotype of a heterozygote?

multiple alleles
incomplete dominance
codominance

polygenic characteristics

o oe

o

b. What is the inheritance pattern when the dominant allele is not completely dominant?

multiple alleles
incomplete dominance
codominance

d. polygenic characteristics

o oe

c. What is the inheritance pattern associated with the ABO blood type in humans?

a. multiple alleles

b. incomplete dominance
¢. codominance

d. polygenic characteristics

d. In a cross between a homozygous dominant parent and a homozygous recessive parent, what is the chance of
the offspring having a heterozygous genotype?

a. 25%
b. 50%
c. 75%
d. 100%

e. In a cross between a homozygous dominant parent and a homozygous recessive parent, what is the chance of
the offspring having the dominant phenotype?

a. 25%
b. 50%
c. 75%
d. 100%

f. In a cross between a homozygous dominant parent and a heterozygous parent, what is the chance of the
offspring having a heterozygous genotype?

a. 25%
b. 50%
c. 75%
d. 100%

g. In a cross between a homozygous dominant parent and a heterozygous parent, what is the chance of the
offspring having the dominant phenotype?

a. 25%
b. 50%
c. 715%
d. 100%

h. In a cross involving two heterozygous parents, which is the chance of the offspring having the dominant
phenotype?

a. 25%
b. 50%
c. 75%
d. 100%
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Lesson 6.2: Vocabulary |

Name Class Date

Match the vocabulary word with the proper definition.
Definitions
1. occurs when the dominant allele is not completely dominant
2. closely associated with appearance
. an example of a characteristic due to multiple alleles
. controlled by more than one gene

. the expressed allele in a heterozygote

3
4
5
6. cell division involved in gamete formation
7. used to determine the expected percents of different genotypes in offspring

8. an alternative form of a gene

9. chance that a certain event will occur

10. only expressed when the other allele is absent

11. occurs when both alleles are expressed equally in the phenotype of the heterozygote
Terms

a. ABO blood type

b. allele

c. codominance

d. dominant allele

e. incomplete dominance

f. meiosis

g. phenotype

h. polygenic characteristic

i. probability

j- Punnett square

k. recessive allele

Lesson 6.2: Vocabulary Il

Name Class Date

Fill in the blank with the appropriate term.
1. If you toss a coin twice, you might expect to get head and tail.

2. A Punnett square allows you to determine the expected percents of different in the offspring of
two parents.
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3. is when both alleles are expressed equally in the phenotype of the heterozygote.
4. is the chance that a certain event will occur.
5. Paired alleles always separate and go to different gametes during

6. If one parent is heterozygous and the other parent is homozygous recessive, the probability that their child will be
homozygous recessive is

7. If a parent has a Dd genotype, the probability of their child inheriting a d allele from that parent is
8. dominance occurs when the dominant allele is not completely dominant.
9. Sometimes an individual’s phenotype is not just due to his or her genes, but also influences.

10. A cross between a homozygous dominant individual and a homozygous recessive individual will always result
in a individual.

11. ABO blood type in humans is a characteristic due to multiple

12. When a Bb pea plant forms gametes, the B and b alleles segregate and go to different

Lesson 6.2: Critical Writing

Name Class Date

Thoroughly answer the question below. Use appropriate academic vocabulary and clear and complete sentences.

Draw a Punnett square of a cross between a homozygous dominant individual and a heterozygous individual.
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71/ DNA and RNA

Lesson 7.1: True or False

Name Class Date

Write true if the statement is true or false if the statement is false.

_____ 1. For many decades, scientists thought that proteins were the genetic material.

2. Ineukaryotic cells, proteins always remain in the nucleus, but DNA is made at ribosomes in the cytoplasm.
__ 3. RNA is much larger than DNA.

4. Erwin Chargaff demonstrated that in DNA, the amount of adenine is about the same as the amount of
guanine.

5. The shape of DNA is similar to a spiral staircase, and is referred to as a double helix.

6. Because of Chargaff’s rules, if the order of bases on one strand of DNA is known, the order of bases on
the other strand can be predicted.

7. There are 4 types of RNA: mRNA, rRNA, sRNA, and tRNA.
8. Proteins are made on the ribosomes in the cytoplasm.

9. In DNA replication, half of the parent DNA molecule is conserved in each of the two daughter DNA
molecules.

__10. mRNA is a copy of the genetic instructions from the DNA.

__11. Oswald Avery was the first to conclude that DNA is the genetic material.
__12. James Watson and Francis Crick used X rays to learn about DNA’s structure.
__ 13. RNA uses the instructions in DNA to make a protein.

__ 14, If one strand of DNA is GAATTC, the opposite strand would be CTTAAG.

15. DNA contains instructions for all the proteins your body makes.

Lesson 7.1: Critical Reading

Name Class Date

Read these passages from the text and answer the questions that follow.
DNA

DNA is the genetic material in your cells. It was passed on to you from your parents and determines your character-
istics. The discovery that DNA is the genetic material was another important milestone in molecular biology.

Griffith Searches for the Genetic Material

Many scientists contributed to the identification of DNA as the genetic material. In the 1920s, Frederick Griffith
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made an important discovery. He was studying two different strains of a bacterium, called R (rough) strain and
S (smooth) strain. He injected the two strains into mice. The S strain (virulent) killed the mice, but the R strain
(nonvirulent) did not (see the figure below). Griffith also injected mice with S-strain bacteria that had been killed by
heat. As expected, the killed bacteria did not harm the mice. However, when the dead S-strain bacteria were mixed
with live R-strain bacteria and injected, the mice died.

/Rough Strain | Smooth Strain Heat-killed Rough Strain\
(nonvirulent) (virulent) Smooth Strain | and Heat-killed
o O Smooth Strain

:

L mouse lives mouse dies mouse lives mouse dies 4

Griffith’s Experimental Results. Griffith showed that a substance could be transferred to harmless bacteria and make
them deadly. (Image courtesy of CK-12 Foundation and under the Creative Commons license CC-BY-NC-SA 3.0.)

Based on his observations, Griffith deduced that something in the killed S-strain was transferred to the previously
harmless R-strain, making the R-strain deadly. What was that something? What type of substance could change the
characteristics of the organism that received it?

Hershey and Chase Seal the Deal

The conclusion that DNA is the genetic material was not widely accepted at first. It had to be confirmed by other
research. In the 1950s, Alfred Hershey and Martha Chase did experiments with viruses and bacteria. Viruses are not
cells. They are basically DNA inside a protein coat. To reproduce, a virus must insert its own genetic material into
a cell (such as a bacterium). Then it uses the cell’s machinery to make more viruses. The researchers used different
radioactive elements to label the DNA and proteins in viruses. This allowed them to identify which molecule the
viruses inserted into bacteria. DNA was the molecule they identified. This confirmed that DNA is the genetic
material.

Questions

1. In Griffith’s experiments, what killed the mice?
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2. Why did the rough strain and heat-killed smooth strain kill the mice?

3. Why are viruses not considered cells?

4. What were the results of Hershey and Chase’s experiment?

5. The term given to Griffith’s observations is transformation. Why do you think that term is appropriate?
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Lesson 7.1: Multiple Choice

Name Class Date

Circle the letter of the correct choice.

a. The order of experiments proving that DNA is the genetic material is

a. Avery — Griffith — Hershey and Chase.
b. Hershey and Chase — Griffith — Avery.
c¢. Griffith — Avery — Hershey and Chase.
d. Griffith — Hershey and Chase — Avery.

b. Chargaff’s rules state that

a. the amount of adenine equals the amount of thymine.
b. the amount of adenine equals the amount of guanine.
c. the amount of thymine equals the amount of guanine.
d. the amount of cytosine equals the amount of thymine.

c. Which of the following statements concerning DNA is correct? (1) DNA contains instructions for all the
proteins your body makes. (2) The shape of DNA is a double helix. (3) The central dogma of molecular
biology states RNA — DNA — Protein.

a. 1 only

b. 1 and 2

c. 2and 3

d. 1,2,and 3

d. The structure of DNA was identified by

a. Rosalind Franklin.

b. Erwin Chargaff.

c. Alfred Hershey and Martha Chase.
d. James Watson and Francis Crick.

e. If one strand of DNA is CAGGTTACG, the opposite strand is

a. GTCCAATGC.
b. GTCCTTAGC.
c. CAGGTTACG.
d. GTCCTTACG.

f. The subunits of DNA are nucleotides consisting of

a sugar, a carbon group, and a nitrogen-containing base.

a sugar, a phosphate group, and a nitrogen-containing base.
a sugar, a phosphate group, and an oxygen-containing base.
d. alipid, a phosphate group, and a nitrogen-containing base.

o oe

g. Differences between DNA and RNA include which of the following? (1) RNA consists of one nucleotide
chain. (2) RNA contains the nitrogen base uracil instead of thymine. (3) RNA contains the sugar ribose
instead of deoxyribose.

a. 1,2,and 3
b. 1 and 2

c. 2and 3

d. 2 only

h. The types of RNA include
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. messenger RNA.

. nuclear RNA.

. cytoplasmic RNA.
. all of the above

oo o e

Lesson 7.1: Vocabulary |

Name Class Date

Match the vocabulary word with the proper definition.
Definitions
1. the shape of DNA

. found that there exists a substance that could change the characteristics of another organism

. helps form ribosomes

. used X rays to learn more about DNA’s structure
. subunit of DNA

. DNA — RNA — Protein

. brings amino acids to ribosomes

. confirmed that DNA is the genetic material

O 0 N9 N B W

. the amount of A =T, and the amount of C =G

10. copies the genetic instructions from DNA in the nucleus, and carries the instructions to the cytoplasm
___11. discovered the shape of DNA
__12. the process in which DNA is copied
Terms
a. central dogma of molecular biology
b. Chargaff’s rules
c. DNA replication
d. double helix
e. Franklin
f. Griffith
g. Hershey and Chase
h. messenger RNA (mRNA)

i. nucleotide

j. ribosomal RNA (rRNA)
k. transfer RNA (tRNA)

1. Watson and Crick
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Lesson 7.1: Vocabulary Il

Name Class Date

Fill in the blank with the appropriate term.

1. In DNA, A always pairs with , and G always pairs with

2. The DNA molecule has a double shape.

3. Griffith showed that a substance could be transferred to harmless bacteria and make them
4. DNA — RNA —

5. and Chase confirmed that DNA is the genetic material.

6. The amount of A equals the amount of T and the amount of G equals the amount of C is known as -
_rules.

7. RNA copies the genetic instructions from DNA in the nucleus, and carries them to the cytoplasm.

8. Proteins are made in the cytoplasm on small organelles called

9. contains the nitrogen base uracil.
10. RNA helps form ribosomes,
11. RNA brings amino acids to ribosomes,

12. DNA stands for

Lesson 7.1: Critical Writing

Name Class Date

Thoroughly answer the question below. Use appropriate academic vocabulary and clear and complete sentences.

Describe the process of DNA replication. What allows the correct base to be placed in the new DNA strand?
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72 Protein Synthesis

Lesson 7.2: True or False

Name Class Date

Write true if the statement is true or false if the statement is false.
1. The process in which cells make proteins is called protein expression.

. Transcription takes place in three steps: initiation, elongation, and termination.

. Splicing removes introns from mRNA.

. A codon can be described as a three-letter genetic “word.”

. UAG, UGA, AGU, and UAA are the four stop codons

. The anticodon is part of each tRNA molecule.

. Initiation of transcription occurs when the enzyme, DNA polymerase, binds to the promoter of a gene.

. All known living organisms, except some species of primitive bacteria, have the same genetic code.

O o0 N N B W

. Elongation is the addition of amino acids to the mRNA strand.

__10. Translation always begins at an AUG codon.

____11. Many proteins are modified in the Golgi apparatus after translation.
12. During translation, rRNA brings the amino acids into the ribosome.
13. Termination of transcription occurs at a stop codon.
14. Transcription uses DNA as a template to make an RNA molecule.

15. Translation takes place in a ribosome.

Lesson 7.2: Critical Reading

Name Class Date

Read these passages from the text and answer the questions that follow.
The Genetic Code

How is the information in a gene encoded? The answer is the genetic code. The genetic code consists of the
sequence of nitrogen bases — A, C, G, T (or U) — in a polynucleotide chain. The four bases make up the “letters”
of the genetic code. The letters are combined in groups of three to form code “words,” called codons. Each codon
stands for (encodes) one amino acid, unless it codes for a start or stop signal. There are 20 common amino acids in
proteins. There are 64 possible codons, more than enough to code for the 20 amino acids. The genetic code is shown
in the FlexBook.

Reading the Genetic Code

115


http://www.ck12.org

7.2. Protein Synthesis www.ck12.org

As shown in the Genetic Code figure (see Figure 7.8 in the FlexBook), the codon AUG codes for the amino acid
methionine. This codon is also the start codon that begins translation. The start codon establishes the reading frame
of mRNA. The reading frame is the way the letters are divided into codons. After the AUG start codon, the next
three letters are read as the second codon. The next three letters after that are read as the third codon, and so on. The
mRNA molecule is read, codon by codon, until a stop codon is reached. UAG, UGA, and UAA are all stop codons.
They do not code for any amino acids.

Characteristics of the Genetic Code

The genetic code has a number of important characteristics.

* The genetic code is universal. All known living things have the same genetic code. This shows that all
organisms share a common evolutionary history.

* The genetic code is unambiguous. Each codon codes for just one amino acid (or start or stop). What might
happen if codons encoded more than one amino acid?

* The genetic code is redundant. Most amino acids are encoded by more than one codon. What might be an
advantage of having more than one codon for the same amino acid?

Questions

1. What is the genetic code?

2. Explain the significance of an AUG codon.

3. Why is the genetic code read three bases at a time?
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4. “The genetic code is universal.” Explain this statement.

5. What might happen if codons encoded more than one amino acid?

Lesson 7.2: Multiple Choice

Name Class Date

Circle the letter of the correct choice.

a. How many possible codons exist in the genetic code?

a. 3
b. 20
c. 46
d. 64

b. The two processes of protein synthesis are

gene expression and protein expression.
transcription and translation.
replication and translation.
transcription and the genetic code.

o oe

A

c. For protein synthesis to initiate,

RNA polymerase must bind to a gene’s promoter.
nucleotides must be added to the mRNA strand.

the mRNA must be flow from the nucleus to the cytoplasm.
d. the tRNA and rRNA molecules must be made.

d. Which of the following terms is most closely associated with a tRNA molecule?

c oe

a. codon
b. anticodon
c. transcription
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d. ribosome
e. Which of the following statements is correct?

a. Translation occurs in a ribosome when the codons on the mRNA are “read.”

b. Translation occurs in a ribosome when the anticodons on the mRNA are “read.”
¢. Translation occurs in a ribosome when the codons on the rRNA are “read.”

d. Transcription occurs in a ribosome when the codons on the mRNA are “read.”

f. “The genetic code is universal.” This statement means that

each codon codes for just one amino acid.

all known living things have the same genetic code.
most amino acids are encoded by more than one codon.
d. all of the above

o oe

g. Which of the following statements is correct? (1) Translation always begins with an UAG start codon. (2) The
start codon establishes the reading frame of mRNA. (3) The mRNA molecule is read one codon at a time until
a stop codon is reached.

a. 1 only

b. 2 only

c. 2and 3

d. 1,2,and 3

h. Which of the following statements is correct?

a. Editing changes some of the nucleotides in DNA.
b. Polyadenylation adds a string of Cs to the mRNA.
c. Splicing removes introns from mRNA.

d. all of the above

Lesson 7.2: Vocabulary |

Name Class Date

Match the vocabulary word with the proper definition.
Definitions

1. the process in which cells make proteins

2. removes introns from mRNA
3. the sequence of A, C, G, T (or U) bases in a polynucleotide chain

complementary to a strand of DNA
contains an anticodon that is complementary to the codon for an amino acid
RNA — Protein

DNA — RNA

6

8. a group of three nitrogen bases

4.
5.
7.
9.

regions of mRNA that code for proteins

10. regions of mRNA that do not code for proteins
11. the way the groups of three bases are divided into codons

12. aregion of a gene where RNA polymerase binds
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Terms

a. codon

b. exons

c. genetic code
d. introns

e. mRNA

f. promoter

g. protein synthesis
h. reading frame
i. splicing

J- tRNA

k. transcription

1. translation

Lesson 7.2: Vocabulary Il

Name Class Date

Fill in the blank with the appropriate term.

1. Transcription takes place in the of the cell.

2. RNA polymerase binds to the of a gene.

3. A group of three bases in the mRNA is a

4. Transcription takes place in three steps: initiation, elongation, and

5. All known living things have the same code.

6 is the second part of the central dogma of molecular biology: RNA — Protein.
7. Polyadenylation adds a “tail” of to the mRNA.

8. AUG is the start codon and it codes for the amino acid

9. Splicing removes from mRNA.

10. The mRNA molecule is read, codon by codon, until a codon is reached.
11. An of the tRNA is complementary to the codon.

12. Transcription is the transfer of genetic instructions in DNA to

Lesson 7.2: Critical Writing

Name Class Date

Thoroughly answer the question below. Use appropriate academic vocabulary and clear and complete sentences.

Describe the genetic code and its important characteristics.
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- Mutation

Lesson 7.3: True or False

Name Class Date

Write true if the statement is true or false if the statement is false.

1. Mutations only occur in DNA.

All mutations are harmful.

Somatic mutations can be transmitted to offspring.

A point mutation is a change in a single nucleotide in DNA.

Neutral mutations can have a significant effect on the organism.

A deletion or insertion of one or more nucleotides may result in a frameshift mutation.

Chromosomal alterations are mutations that change chromosome structure.

2.
3.
5.
6. Bacteria can have mutations that allow them to survive in the presence of antibiotic drugs.
7.
8.
9.

__ 9. Mutagens are caused by environmental factors known as mutations.
10. A genetic disorder is a disease caused by a mutation in one or a few genes.
____11. The cell does not have the capability to repair damaged DNA.

12. Point mutations can be described as silent, missense, senseless, or nonsense.

13. A translocation mutation swaps sections from two non-homologous chromosomes.

14. Natural sunlight can cause mutations.

15. Mutations are the source of all new genetic material in a species.

Lesson 7.3: Critical Reading

Name Class Date

Read these passages from the text and answer the questions that follow.
Beneficial Mutations

Some mutations have a positive effect on the organism in which they occur. They are called beneficial mutations.
They lead to new versions of proteins that help organisms adapt to changes in their environment. Beneficial mutations
are essential for evolution to occur. They increase an organism’s changes of surviving or reproducing, so they are
likely to become more common over time. There are several well-known examples of beneficial mutations. Here are
just two:

a. Mutations in many bacteria that allow them to survive in the presence of antibiotic drugs. The mutations lead
to antibiotic-resistant strains of bacteria.
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b. A unique mutation is found in people in a small town in Italy. The mutation protects them from developing
atherosclerosis, which is the dangerous buildup of fatty materials in blood vessels. The individual in which
the mutation first appeared has even been identified.

Harmful Mutations

Imagine making a random change in a complicated machine such as a car engine. The chance that the random
change would improve the functioning of the car is very small. The change is far more likely to result in a car that
does not run well or perhaps does not run at all. By the same token, any random change in a gene’s DNA is likely to
result in a protein that does not function normally or may not function at all. Such mutations are likely to be harmful.
Harmful mutations may cause genetic disorders or cancer.

* A genetic disorder is a disease caused by a mutation in one or a few genes. A human example is cystic
fibrosis. A mutation in a single gene causes the body to produce thick, sticky mucus that clogs the lungs and
blocks ducts in digestive organs.

* Cancer is a disease in which cells grow out of control and form abnormal masses of cells. It is generally
caused by mutations in genes that regulate the cell cycle. Because of the mutations, cells with damaged DNA
are allowed to divide without limits. Cancer genes can be inherited.

Questions

1. What is a beneficial mutation?

2. What is a harmful mutation?

3. What type of mutation can cause cancer?
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4. How can a mutation result in a genetic disorder? Give an example.

5. Why are beneficial mutations essential for evolution to occur?

Lesson 7.3: Multiple Choice

Name Class Date

Circle the letter of the correct choice.

a. Which of the following statements concerning mutations is correct?

a. Mutations can happen spontaneously without any outside influence.
b. Cigarette smoke is a significant cause of mutations.

c. Mutations may occur during DNA replication or transcription.

d. all of the above

b. Germline mutations are potentially dangerous, as they

are confined to just one cell and its daughter cells.
can be passed on to offspring.

can be silent mutations and go undetected.

all of the above

o oe

A

¢. Which of the following types of mutations can result in a genetic disorder?

a deletion

an insertion

a duplication

d. all of the above

c oe

d. A frameshift mutation

a. changes the reading frame of the base sequence.
b. can be due to a translocation between two chromosomes.
¢. may not have an effect on how the codons in mRNA are read.
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d. all of the above.
e. Beneficial mutations

a. may only cause mild genetic disorders.

b. are silent mutations, which code for the same amino acid.

c. help organisms adapt to changes in their environment.

d. are only caused by beneficial mutagens, like barbecuing and tanning.
m

f. A missense mutation

results in a premature stop codon.
codes for a different amino acid.
codes for the same amino acid.
results in a frameshift mutation.

o oe

o

g. Chromosomal alterations include deletions and

transfer mutations.
doubling mutations.
inversion mutations.
d. location mutations.

o oe

h. Which of the following statements are correct concerning mutations?

a. Mutations are essential for evolution to occur.

b. A mutation is a change in the sequence of bases only in DNA.

c. Most mutations have a big effect on the organism in which they occur.
d. all of the above

Lesson 7.3: Vocabulary |

Name Class Date

Match the vocabulary word with the proper definition.
Definitions
1. a deletion or insertion of one or more nucleotides that changes the reading frame
2. removal of nucleotides or removal of a segment of a chromosome
. doubling of a segment of a chromosome
. a change in the sequence of bases in DNA or RNA

. occur in cells other than gametes

3
4
5
6. mutations that change chromosome structure
7. adding additional nucleotides into a chromosome

8. a change in a single nucleotide in DNA

9. reversal of a segment of a chromosome

10. anything in the environment that can cause a mutation
11. caused by a mutation in one or a few genes

12. generally caused by mutations in genes that regulate the cell cycle

13. swapping of material between two non-homologous chromosomes
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__ 14, occur in gametes
Terms

a. cancer

b. chromosomal alteration
c. deletion

d. duplication

e. frameshift mutation

f. genetic disorder

g. germline mutations

h. insertion

1. inversion

j. mutagen

k. mutation

1. point mutation

m. somatic mutations

n. translocation

Lesson 7.3: Vocabulary Il

Name

WWW.C .org

Date

Fill in the blank with the appropriate term.

1. A change in the sequence of bases in

is called a mutation.

. A change in a single nucleotide in DNA is a

. Chromosomal alterations are mutations that change structure.

. Mutations are essential for

. Neutral mutations have

2
3
4. A silent point mutation codes for the same
5
6
7

to occur because they increase genetic variation.

effect on the organism.

LA mutation is a deletion or insertion of one or more nucleotides that changes the reading frame of

the base sequence.

8. mutations can be transmitted to offspring.

9. A disorder is a disease caused by a mutation in one or a few genes.
10. is a disease in which cells grow out of control.

11. mutations have a positive effect on the organism in which they occur.
12. smoke contains dozens of mutagenic chemicals.
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Lesson 7.3: Critical Writing

Name Class Date

Thoroughly answer the question below. Use appropriate academic vocabulary and clear and complete sentences.

What is a frameshift mutation? Explain how such a mutation can occur.
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7.4 Regulation of Gene Expression

Lesson 7.4: True or False

Name Class Date

Write true if the statement is true or false if the statement is false.
1. In your body, different types of cells have different genes.

2. Using a gene to make a protein is called protein expression.

3

A regulatory element is located on the DNA.

An operon is a region of prokaryotic DNA.

lacX, lacY, lacZ, and lacA are genes for the four proteins needed to digest lactose.

___ 4
5
7. In prokaryotic cells, RNA polymerase binds to the operator.

Repressors promote transcription by enhancing the interaction of RNA polymerase with the promoter.

6. Essentially, regulatory proteins must turn “on” certain genes in particular cells.
8.

9. The ATAT box is a regulatory element that is part of the promoter of most eukaryotic genes.
10. Because of a mutation, it is possible for a fly to have legs growing out of its head.

11. Mutations in some regulatory genes can cause cancer.

12. In eukaryotic gene regulation, regulatory proteins must bind to the regulatory elements before RNA
polymerase binds to the promoter.

13. In the lac operon, when lactose is absent, the repressor protein does not bind to the operator.
14. Homeobox genes code for regulatory proteins that switch on whole series of major developmental genes.

15. In your body, different types of cells use different genes.

Lesson 7.4: Critical Reading

Name Class Date

Read these passages from the text and answer the questions that follow.
Eukaryotic Gene Regulation

In eukaryotic cells, the start of transcription is one of the most complicated parts of gene regulation. There may be
many regulatory proteins and regulatory elements involved. Regulation may also involve enhancers. Enhancers are
distant regions of DNA that can loop back to interact with a gene’s promoter.

The TATA Box

Different types of cells have unique patterns of regulatory elements that result in only the necessary genes being
transcribed. That’s why a skin cell and nerve cell, for example, are so different from each other. However, some
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patterns of regulatory elements are common to all genes, regardless of the cells in which they occur. An example
is the TATA box. This is a regulatory element that is part of the promoter of most eukaryotic genes. A number of
regulatory proteins bind to the TATA box, forming a multi-protein complex. It is only when all of the appropriate
proteins are bound to the TATA box that RNA polymerase recognizes the complex and binds to the promoter. Once
RNA polymerase binds, transcription begins.

Regulation During Development

The regulation of gene expression is extremely important during the development of an organism. Regulatory
proteins must turn on certain genes in particular cells at just the right time so the organism develops normal organs
and organ systems. Homeobox genes are an example of genes that regulate development. They code for regulatory
proteins that switch on whole series of major developmental genes. In insects, homeobox genes called hox genes
ensure that body parts such as limbs develop in the correct place.

Questions

1. List three factors involved in eukaryotic gene regulation.

2. Describe the TATA box and its role.

3. Where does RNA polymerase bind to the DNA? What happens next?

4. What is a homeobox gene?
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5. What is an enhancer?

Lesson 7.4: Multiple Choice

Name

Class Date

Circle the letter of the correct choice.

a. Using a gene to make a protein is called

a. protein expression.
b. gene expression.
c. gene regulation.
d. protein synthesis.

b. Gene expression is regulated

o oe

d.

to ensure that all cells make the same proteins.
to ensure that the correct proteins are made from the right genes.

to ensure that all cells only use some genes.

c. Which of the following statements concerning the lac operon is correct?

a. When lactose is present, the repressor protein binds to the operator.

b
c
d

. When lactose is absent, a repressor protein binds to the operator.
. When lactose is absent, a repressor protein binds to the promoter.
. When lactose is present, the repressor protein binds to the promoter.

d. Gene regulation during development involves

128

a
b
c

d.

. homeobox genes.

. proto-oncogenes and tumor-suppressor genes.
. the lac operon.

all of the above

to ensure that the correct proteins are made in the cells in which they are needed.

WWW.C
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e. Which three factors are involved in eukaryotic gene regulation?

regulatory proteins, regulatory elements, and activators
regulatory proteins, operator, and promoter

regulatory proteins, regulatory elements, and RNA polymerase
d. regulatory proteins, regulatory elements, and enhancers

o oe

f. Which of the following statements is correct? (1) Activators promote transcription by enhancing the interac-
tion of RNA polymerase with the promoter. (2) Repressors promote transcription by enhancing the progress
of RNA polymerase along the DNA strand. (3) Repressors prevent transcription by impeding the progress of
RNA polymerase along the DNA strand. (4) Activators prevent transcription by impeding the interaction of
RNA polymerase with the promoter.

a. 1and3

b. 2 and 4

c. 1 only

d. All 4 statements are correct.

g. Which statement best describes the TATA box?

a. The TATA box is a regulatory element that is part of the promoter of most prokaryotic genes.
b. The TATA box is a regulatory element that is part of the promoter of most eukaryotic genes.
c. The TATA box is a regulatory protein that binds to the promoter of most eukaryotic genes.

d. The TATA box is a regulatory protein that binds to the promoter of most prokaryotic genes.

h. Which of the following statements is correct?

a. Regulatory proteins bind to regulatory elements, which are located near promoters.
b. Regulatory elements bind to regulatory proteins, which are located near promoters.
c. Regulatory proteins bind to regulatory elements, which are also known as operons.
d. Regulatory proteins bind to regulatory elements, which are located near enahncers.

Lesson 7.4: Vocabulary |

Name Class Date

Match the vocabulary word with the proper definition.
Definitions
1. using a gene to make a protein

2. regulatory region of DNA located near the promoter

3. aregion of prokaryotic DNA that consists of one or more genes that encode the proteins needed for a
specific function and their regulatory regions

4. when inactivated leads to tumor formation and cancer

enzyme that transcribes DNA to mRNA

code for regulatory proteins that switch on whole series of major developmental genes

protein that binds to regulatory region on DNA

a regulatory element that is part of the promoter of most eukaryotic genes

5.
6.
8.
9.

promotes transcription by enhancing the interaction of RNA polymerase with the promoter.

10. region of a gene where RNA polymerase binds

11. gene for a regulatory protein that controls the cell cycle
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__12. consists of a promoter, an operator, and three genes that encode the enzymes needed to digest lactose
Terms

a. activator

b. gene expression

¢. homeobox genes
d. lac operon

e. operon

f. promoter

g. proto-oncogene

h. regulatory element
i. regulatory protein
j- RNA polymerase
k. TATA box

1. tumor-suppressor gene

Lesson 7.4: Vocabulary Il

Name Class Date

Fill in the blank with the appropriate term.

1. The is a region of an operon where regulatory proteins bind.

. Transcription is partly controlled by proteins.

. Using a gene to make a protein is called expression.

RNA is the enzyme that transcribes DNA to mRNA.

The box is a regulatory element that is part of the promoter of most eukaryotic genes.
. Regulatory proteins bind to regions of DNA, called regulatory

. Gene expression is regulated to ensure that the correct are made.

. Mutations in tumor-suppressor genes can cause

© o NN L AW

. Homeobox genes regulate
10. Activators transcription.
11. Repressors transcription.

12. An is a region of DNA that consists of one or more genes that encode the proteins needed for a
specific function.

Lesson 7.4: Critical Writing

Name Class Date
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Thoroughly answer the question below. Use appropriate academic vocabulary and clear and complete sentences.

Describe gene regulation in the lac operon.
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- Human Chromosomes and Genes

Lesson 8.1: True or False

Name Class Date

Write true if the statement is true or false if the statement is false.

1. The human genome consists of about 3 million base pairs.

. By 2003, scientists had sequenced all of the base pairs of a sample of human DNA.

. In humans, chromosome 22 is the largest chromosome, and chromosome 1 is the smallest chromosome.

. None of the genes on the Y-chromosome is essential to survival.

. The role of the majority of the 3 billion base pairs in the human genome is not known.

. Humans have 22 pairs of autosomes.

. Genes that are located on the different chromosomes are linked genes.

. Linkage is related to crossing-over during meiosis.

O 0 N N B~ WD

. Females have two X chromosomes, and males have an X and a Y chromosome.

10. Genes that assort independently during meiosis will always be in different gametes.
11. The hemophilia A gene is on the X chromosome.
12. Only the X chromosome contains genes that determine sex.

___13. The female is the “default” sex of the human species.

____ 14, Most sex-linked genes are on the Y chromosome.

15. Most human cells have 23 chromosomes.

Lesson 8.1: Critical Reading

Name Class Date

Read these passages from the text and answer the questions that follow.
Chromosomes and Genes

Each species has a characteristic number of chromosomes. The human species is characterized by 23 pairs of
chromosomes, as shown in the FlexBook.

Autosomes

Of the 23 pairs of human chromosomes, 22 pairs are autosomes. Autosomes are chromosomes that contain genes for
characteristics that are unrelated to sex. These chromosomes are the same in males and females. The great majority
of human genes are located on autosomes.

Sex Chromosomes
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The remaining pair of human chromosomes consists of the sex chromosomes, X and Y. Females have two X
chromosomes, and males have one X and one Y chromosome. In females, one of the X chromosomes in each
cell is inactivated and known as a Barr body. This ensures that females, like males, have only one functioning copy
of the X chromosome in each cell.

The X chromosome is much larger than the Y chromosome. The X chromosome has about 2,000 genes, whereas the
Y chromosome has fewer than 100, none of which are essential to survival. Virtually all of the X chromosome genes
are unrelated to sex. Only the Y chromosome contains genes that determine sex. A single Y chromosome gene,
called SRY (which stands for sex-determining region Y gene), triggers an embryo to develop into a male. Without
a Y chromosome, an individual develops into a female, so you can think of female as the default sex of the human
species. Can you think of a reason why the Y chromosome is so much smaller than the X chromosome?

Human Genes

Humans have an estimated 20,000 to 22,000 genes. This may sound like a lot, but it really isn’t. Far simpler species
have almost as many genes as humans. However, human cells use splicing and other processes to make multiple
proteins from the instructions encoded in a single gene. Of the 3 billion base pairs in the human genome, only about
25 percent make up genes and their regulatory elements. The functions of many of the other base pairs are still
unclear.

The majority of human genes have two or more possible alleles. Differences in alleles account for the considerable
genetic variation among people. In fact, most human genetic variation is the result of differences in individual DNA
bases within alleles.

Questions

1. What are autosomes? How many do humans have?

2. Compare the X and Y chromosome.

3. In terms of sex chromosomes, what is the genotype of a female? a male?
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4. How do humans use their genes to produce more than 22,000 proteins?

5. What is the importance of alleles in humans?

Lesson 8.1: Multiple Choice

Name Class Date

Circle the letter of the correct choice.

a. All of the DNA of the human species makes up the human

a. genes.
b. genome.

¢. chromosomes.
d. DNA.

b. Humans have bases divided among chromosomes.
a. 3 million, 23
b. 3 million, 23 pairs of

c. 3 billion, 23
d. 3 billion, 23 pairs of
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c. Differences between the X and Y chromosomes include which of the following? (1) The X chromosome has
many more genes than the Y chromosome. (2) Virtually all of the X chromosome genes are unrelated to sex,
whereas the Y chromosome contains genes that determine sex. (3) Both males and females have only one
functioning copy of the X chromosome in each cell.

a. 1 only
b. 2 only
c. land?2
d. 1,2,and 3

d. The goal of the Human Genome Project was to

sequence all 3 billion base pairs of human DNA.

sequence all human DNA and identify all 22,000 proteins.
develop linkage maps of all 22 autosomes of chromosomes.
all of the above

c oe

o

e. Linked genes

are on homologous chromosomes.

are on the same chromosome.

are on sister chromatids.

are on non-homologous chromosomes.

o oe

o

f. Most of the human genome is made of

genes.
regulatory regions.
intergenic regions.
d. chromosomes.

o oe

g. Which of the following statements is correct?

a. The higher the frequency of crossing-over, the closer together on the same chromosome the genes are
presumed to be.

b. The lower the frequency of crossing-over, the closer together on the same chromosome genes are pre-
sumed to be.

c. The lower the frequency of crossing-over, the farther apart on the same chromosome the genes are
presumed to be.

d. With a high frequency of crossing-over, genes are presumed to be on different chromosomes.

h. A normal human male has

a. 22 autosomes, and one X chromosome and one Y chromosome.
b. 22 pairs of autosomes, and one X chromosome and one Y chromosome.
c. 23 autosomes, and one X chromosome and one Y chromosome.
d. 23 pairs of autosomes, and one X chromosome and one Y chromosome.

Lesson 8.1: Vocabulary |

Name Class Date

Match the vocabulary word with the proper definition.
Definitions
1. 20,000 to 22,000 in humans

2. an international project to sequence the entire human genome
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3. determine the sex of the person

4. genes that are located on the same chromosome

5. all of the DNA of the human species

6. genes on the X-chromosome

7. chromosomes that contain genes for characteristics that are unrelated to sex

8. female

_ 9.male

10. 23 pairs in humans
11. shows the locations of genes on a chromosome

12. genes located on the sex chromosomes

Terms

a
b
c

d

€

e}

g
h

i.
i.
k
1.

. autosome
. chromosomes
. gene
. human genome
. Human Genome Project
linkage map
. linked genes
. sex chromosomes
sex-linked gene
X-linked gene
. XX
XY

Lesson 8.1: Vocabulary Il

Name Class Date

Fill in the blank with the appropriate term.

o I e Y T O R O R

. The human is all of the DNA of a human.

. The X and Y chromosomes are known as the chromosomes.

. Genes that are located on the same chromosome are genes.

. Differences in alleles account for the considerable variation among people.
. Most sex-linked genes are on the chromosome.

. Chromosomes 1 to 22 are known as

. Chromosome is the largest chromosome.

. A linkage shows the locations of genes on a chromosome.
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9. The number of human genes is about to

10. Genes on non-homologous chromosomes are not linked.
11. Linkage explains why certain characteristics are frequently together.

12. Humans have 23 pairs of

Lesson 8.1: Critical Writing

Name Class Date

Thoroughly answer the question below. Use appropriate academic vocabulary and clear and complete sentences.

Being very specific, what makes you different from everyone else?
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- Human Inheritance

Lesson 8.2: True or False

Name Class Date

Write true if the statement is true or false if the statement is false.
1. Characteristics that are encoded in DNA are called genetic diseases.

. Widow’s peak and hitchhiker’s thumb are multiple allele traits.

. Single-gene X-linked traits have a different pattern of inheritance than single-gene autosomal traits.

. Most human traits have more complex modes of inheritance than simple Mendelian inheritance.

. Because it is a polygenic trait, human height can be represented by a bell-shaped graph.

. Pleiotropy is when a more than one gene affects a single trait.

. Most genetic disorders are controlled by dominant alleles.

. Triple X syndrome results in XYXX males.

O o0 N N W B W

. A karyotype is a picture of a cell’s chromosomes.

10. A recessive X-linked allele is always 