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CHAPTER

Are We Alone In the Universe?

Water, Biochemistry, and Cells

OBJECTIVES
Teaching Goals

This chapter introduces an invisible world that students often find difficult to grasp. Descriptive imagery
and graphic representations are the basis for understanding atoms and cells. As a teacher, you must
connect this invisible world to the visible world that students can see. Carbohydrates, proteins, and fats
make more sense when seen on a food label, for example. Cells become real when connected to forensic
evidence left at the scene.

Student Goals

By the end of this chapter students should be able to do the following:
List the commonalities shared by living organisms.

. Explain how the polarity of water allows it to participate in chemical reactions.
. Illustrate the difference between ionic bonding and covalent bonding.

. State the four biological macromolecules and explain the function of each.

. Differentiate between the major cell components by explaining their functions.

LECTURE OUTLINE

2.1 What Does Life Require?

A. All organisms operate using the same biological molecules, are composed of cells, and use
feedback mechanisms to maintain homeostasis. (Figure 2.1)
B. Water is essential to life, and its properties are based on its polarity. (Figure 2.4)
C. Life on Earth is based on the carbon atom and its bonding capabilities to form
macromolecules (carbohydrates, proteins, lipids, and nucleic acids). (Figure 2.12, Figure
2.13, Figure 2.14, Figure 2.15)

Lecture Activity 2.1

Lecture Activity 2.2

2.2 Life on Earth
A. Cells are the basic unit of life on Earth.
B. Cells are either prokaryotic or eukaryotic. Prokaryotic cells, such as bacteria, do not have a
separate nucleus and are less complex than eukaryotic cells. (Figure 2.17)
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10 Instructor Guide Biology: Science for Life

C. All cells have a variety of parts that work together to enable them to function in particular
environments. (Table 2.1)
Lecture Activity 2.3
Lecture Activity 2.4
D. The diversity of cells and organisms is based on evolutionary theory. (Figure 2.19)

Lecture Activity 2.1: Understanding Chemical Bonding
Estimated Time to Complete: 10-20 minutes

Introduction: This activity is a basic introduction to the concept of chemical bonding. It is a short, in-
class exercise that can follow the first discussion of atomic structure and bonding. Students will take the
number of their birth month as their atomic number. Given this information, they will be able to determine
the configuration of their electrons.They will then be able to determine how they, as atoms, will interact
with other atoms, if at all. Students will form “bonds” with other students to make ions or molecules.

Materials Needed: Handout provided.

Procedures

1 Briefly explain to the students what they will be expected to do on the worksheet.

2 Each student will complete a worksheet alone, but you can allow students to work together if you
like.

3 Pass out worksheets, and circulate around the room to ensure that students get started correctly;
answer guestions that come up.

4 After they know which type of partner they need, encourage students to get out of their seats and

walk around to find someone suitable.

Assessment Suggestions: Collect and grade the handouts. Use this assignment as the basis of a
homework or test question.

Handouts or Display: See the following page.
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Name: Date: Instructor: Course Section:

Lecture Activity 2.1 Handout: Understanding Chemical

Bonding

1 What is the number of your birth month? (January 51, February 52, etc.) This is your atomic number.
2 Draw your appearance as an atom. Around the nucleus, put the correct number of electrons in their
correct valence shells.

3 Which type of bond would you like to form to become stable?

4 Find one or more other students to bond with so that you form a stable bond. Draw the ion or molecule
that you all formed.

5 Explain why you are stable in this configuration.
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Lecture Activity 2.2: Molecular Twenty Questions
Estimated Time to Complete: 10-20 minutes

Introduction: In this activity, students get an opportunity to test their knowledge of biological
molecules.The students will form groups of three to four. Each student will secretly receive the name of a
biological molecule.The other students in the group will then take turns asking yes or no questions until
one of them is able to correctly guess the identity of the molecule in question.

Materials Needed: Names of different molecules on pieces of paper cut from the bottom of this page.

Procedures

1 Divide students into groups of three to four. Explain how the game will work, and have the students
determine who will go first in each group.

2 Pass around a hat or box containing small folded pieces of paper each with the name of a molecule.

In a small class, you can pass out the papers initially to only one student in each group, and then have other

students come up for another piece after each round. In a large class, have everyone take a paper at the same
time.

3 The person going first in each group silently reads his or her molecule’s name, and then the other
group members take turns asking a yes or no question to try to identify the molecule.

4 When students have a guess about the molecule, they must wait until it is their turn to say it.

5 Other members of the group then answer questions about their molecules until all members have

had a turn, or until the allotted time is up.

Assessment Suggestion:You may have the students keep track of how many molecules they guess
correctly, and give out a grade or extra credit for those who score above a certain number.

Handouts or Display: See below for the molecule names.

DNA Glucose Cholesterol
Water Phospholipid Polysaccharide
Fat Sucrose Protein
Aminn acrid Niiclentide \\/ater
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Lecture Activity 2.3:The Cell as a City
Estimated Time to Complete: 3-5 minutes

Introduction: Cells, because they are capable of independent life, must be able to carry out all of
the processes necessary for life within themselves. In some ways they resemble cities; the functions
of organelles can be compared to utilities and institutions that students are familiar with in the
macroscopic world.

Materials Needed: None.

Procedures
After discussing the functions of various organelles, ask students which organelle is most similar to the
following institutions:

. A public library (the nucleus stores information)

. The U.S. Postal Service (the Golgi apparatus sorts and delivers materials)

. A water tower (vacuoles store water)

. A coal-burning power plant (mitochondria convert fuel to energy)

. A solar power plant (chloroplasts convert sunlight to energy)

. Manufacturing plants (ribosomes and endoplasmic reticulum build proteins)

. A moving company (centrioles facilitate movement of chromosomes during mitosis)

Assessment Suggestions: Use similar comparisons on test questions.

Handouts or Display: None.

Lecture Activity 2.4: Cells Alive!
Estimated Time to Complete: 5-10 minutes

Introduction: The concepts of living cells are central to every biology course. However, it is difficult
for students to discuss life and its dynamics when they are exposed to only twodimensional, static
pictures.This lecture activity brings the concepts of cells to life by letting students watch cancer and
bacterial cells divide in real time.This activity can be used to discuss differences between prokaryotic
and eukaryotic cells, cell structure, and the characteristics of life.

Materials Needed: A computer with projector capabilities and an Internet connection.

Procedures

1 In the classroom, project the following website: http://www.cellsalive.com.

2 Many areas related to cells can be explored at this website, but a favorite is “Cell Cam.”You can find
this link along the left side of the “CELLS alive!” home page.

3 You will see two pictures: one of human cancer cells dividing and one of bacterial cells dividing. When
you click on one of these pictures, you will link to a page that has three picture frames. The first picture was
taken earlier in the day; the time this picture was taken is shown at the top of the picture.The picture on the far
right is the most recent picture taken; its time is also shown.The middle picture will look like the left picture
until you change it by clicking the 1 and 2buttons below the pictures.

4 The “CELLS alive!” website maintains a live link to a camera that takes pictures of these cells every
few minutes.You can click on the +1 and +5 buttons below the pictures to view the pictures that were taken
between the first and the current pictures. In this way, you can watch the cells divide as you click through the
sequence of pictures taken that day.
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1 If you remain on this site, you can watch the next pictures taken. Students really love the idea of the
pictures being taken “live” right in front of them.They are actually witness to cell division events.
2 Demonstrate the division of human cells and bacterial cells by clicking consecutively through an

entire day of pictures. Have students note how fast each cell type divides, what the size and shape of the cells
are, and how the cells react to one another in the Petri plate.

3 Have students draw and label some of what they see. Are there internal structures evident in the
pictures of these cells? Why or why not? How are these pictures different from the figures in the textbook?
Can students visualize these cells dividing in this way in the human body?

Assessment Suggestions: Students may turn in their drawings and observations.There are also many
ideas for follow-up activities on this website.

Handouts or Display: None.
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