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UNIT 4

UNDERSTANDING GROWTH AND DEVELOPMENT

CHAPTER 4.1 DNA: THE MOLECULE OF LIFE

ENGAGE, page 250

Group Lab Activity: Extracting DNA

Advance Preparation:

«  Chill 90% isopropyl alcohol in freezer or ice chest. Make sure alcohol remains on ice t
investigation.

«  Prepare a 9% salt solution prior to class. Place 9 grams of NaCl into 1
approximately 10 mL to each lab group.

«  Prepare a 25% detergent solution. Pour 25 mL liquid di

«  Prepare a split green pea puree prior to cl = 1106 i 200 mL cold
water. Blend for 15 seconds. Pour through i aker. Distri oximately 20 mL to each
lab group.

Cold wate
Bag of spl

- Test tube stopper
- Glass stir rod
- Microcentrifuge tube (optional)

Materials (per group):

- 4100 mL Beakers - Measuring spoons (mL)

- 3 Plastic transfer pipettes - 10 mL Graduated cylinder

-  2Test tube racks - Split green pea puree

- Meat tenderizer - 10 mL 9% Salt solution

- Bottled water - 10 mL 25% Detergent solution

- BLMs 115-117, Extracting DNA - 50 mL 90% Isopropyl alcohol, chilled
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UNIT 4

Procedure:

4.1 DNA: THE MOLECULE OF LIFE

« Have students read the opening paragraphs on page 250 I

and ask them to think about what parts of the cell must be
opened to release DNA from cells.

« Have them share their ideas with a partner and then the

class.

+  Explain to students that the cell membrane and nucleus
must be opened before DNA can be extracted from cells.

«  Direct students to follow the procedures to extract DNA
from the split green peas and their own cheek cells.

+  Note: You may elect to use BLMs 115-117 for students to
use in place of their textbooks.

EXPLORE, page 253

Group Lab Activity: Mode
of DNA

Advance Preparation:
Part A

«  Make 15 color copi
cutti ut the sha

« Pre
each bag.
Materials:

Lab

Extracting DNA

Purpose:

peas.
Materials (per student):

Safety goggles
Small paper cup
2Test tubes

Materials (per group):

4100 mL Beakers

3 Plastic transfer pipettes
2Test tube racks.

Meat tenderizer

Bottled water

Measuring spoons (mL)
10 mL Graduated cylinder

Extract your own DNA from cheek cells and compare it to DNA extracted from split green

Test tube stopper
Glass stir rod
Microcentrifuge tube (optional)

Split green pea puree
10 mL 9% Salt solution
10 mL 25% Detergent

ling the Struc

Bohydrates inside the cell.

sure 5 ml of split green
n. Salt provides a

© Region 4 Education Service Center. All rights reserved.

BLM 115

in half and tie a knot at the cut end.

— 30 Plastic resealable sandwich bags
—  Plastic pony beads in four colors (red, blue, green, yellow), approximately 200 beads of each color

— 7 Pairs nylon boot laces (54" cut in half)

BLM 118, Adenine Nucleotide

BLM 119, Cytosine Nucleotide

BLM 120, Guanine Nucleotide

BLM 121, Thymine Nucleotide

BLMs 122-123, Modeling the Structure of DNA
Trans 31, DNA Model

stock paper. If possible, laminate each page before

hape into a sandwich-size resealable plastic bag for each pair of

all bag of plastic beads with 15 beads of each color. Add the two cut pieces of boot laces to

TE 4.1 B
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UNIT 4

4.1 DNA: THE MOLECULE OF LIFE

Part A

«  Put students into groups of four. Have students work in pairs for Part A and in a foursome for Part B.
« Distribute a bag with nucleotide pieces to each pair of students.
« Facilitate the activity by directing students to open the bag. Ask students the following questions:

— How many different shapes do you observe? 4
— How many subunits does each shape contain? 3
— What does each shape have in common? a subunit labeled “P” and a subunit labeled “D”

+ Introduce the term nucleotide to students.

+ Direct students to draw a nucleotide in their journals.
« Next, instruct students to manipulate the pieces so that they fit together like pieces o
«  Ask students the following questions:

— What subunits differ between each shape? A, C, G, T
— Do any of the pieces fit together? yes
— What are the letters of the shapes that fit toge

«  Direct students to draw their completed
Instruct students to draw a diagram of thei

WebQuest

L DNA WebQuest

Procedures:

understanding, and

1. Enter the web address: http://www.dnai.org
2. Select Code from the menu on the left or along the top.

3. Select Finding the Structure.

4. Select Problem from the menu along the top.

5. Read through the slide and click on the red forward arrow to move to the next slide.
6. Answer the following questions:

+ With what types of cells did Friedrich Miescher work?
- From where did he get nuclein?

Materia I S. + What do we know nuclein as today?
. +  What contribution did Phoebus Levene make towards the discovery of DNA's
structure?

— BLMs 124-1 25, DNA WebQueSt + Why were scientists in the 19205 through the early 1940s skeptical that DNA was the

molecule of life?

— CO m p uters wit h Internet access + Why was Oswald Avery’s experiment an important contribution towards the discovery

of DNA's structure?
7. Click on DNA Home at the top of the slide.
8. Select Timeline from the menu.

9. Review the DNA timeline and complete the table below. Click on the icons associated
with each scientist’s experiment listed in the table on the following page and watch the
slide show. Be sure to watch the movie video of each scientist.

10. Click on DNA Home at the top of the slide.
11. Select Code from the menu. Click on “Finding the Structure.”
12. Select Putting It Together from the menu.

13. Select The DNA Double Helix.

© Region 4 Education Service Center. All rights reserved. BLM 124
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UNIT 4
4.1 DNA: THE MOLECULE OF LIFE

- This activity is best suited for each student to have a computer to research and complete the WebQuest.
If this is not possible, then pair students together.

«  Visit the web page http://www.dnai.org.

«  Begin class with a discussion of the scientific process as a prereading strategy. Limit discussion to
10 minutes.

«  Have students think about the question: Since 1981, scientists have known that HIV causes AIDS. Why would
it be such a huge milestone to discover a cure for AIDS?

« Ask students to think about steps scientists have made in the search for a cure for AIDS.
« Distribute BLMs 124-125. Assign students to computers.
« Direct students to record answers to questions in their journals.

- After students complete the WebQuest, relate the importance of discovering DNA's struct
cure for AIDS.

nga

EXPLAIN-Part 2, page 254

Reading to Learn

- Have students use their preferr

Instruct students to record notes

TE 41D D resions



UNIT 4

4.1 DNA: THE MOLECULE OF LIFE

- Cut one zipper into five or six smaller pieces on each side. These will represent
free-floating nucleotides.

« Label each smaller plastic piece with the appropriate nucleotide label.
« Leave the other zipper uncut. The uncut zipper represents the template of DNA.

« Use the permanent marker to label the nitrogen base letters on the outside of the DNA
template. For example, on one side label “A,” “C,” “G,” “T,” “C.” The other side will then
be Iabeled “T,” “G,” “C’n “A,” “G.”

« Place the zipper and pieces into pint-size resealable plastic bags to eas
students.

« Assign students to read pages 256-258.

+ Instruct students to use the QAR reading strategy and answer the questions embedded in the text in their
journals.

- Distribute a plastic bag containing model parts to each pair of students.

© Region 4 Education Service Center. All rights reserved. TE41E



UNIT 4

4.1 DNA: THE MOLECULE OF LIFE

EVALUATE, page 259

Answers:

1.

Explain how Chargaff’s rules and Rosalind Franklin’s X-ray diffraction helped Watson and Crick discover the
structure of DNA. Chargaff showed that the DNA nitrogen bases pair following the rule A-T and C-G. Rosalind
Franklin’s X-ray diffraction showed that DNA was a double helix with the nitrogen bases on the inside of the
molecule. The data from these two scientists helped Watson and Crick develop an accurate model of DNA.

unzip DNA and break the hydrogen bonds between the nitrogen bases. Free-floating nucl
original strand using the base-pairing rule, creating a complementary strand. The result is t
containing an original strand and a new strand.

N @ N O
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Understanding Growth and Development

Unit 4.1 DNA: The Molecule of Life

DNA is the molecule of life. It is the heredity material found in every cell
ENGAGE that provides instructions for making proteins. Proteins are responsible
for most of the structure of cells and are involved with controlling
chemical reactions as enzymes. Prokaryotic cells have DNA floating in the
cytoplasm, whereas eukaryotic cells have nuclei that contain DNA.

Scientists are able to extract DNA from cells and use it in a variety of
ways. DNA can be used to compare organisms at the gene |

scene investigators collect sample
body fluids because they contai

= After extracting th
Human cheek cells from saliva known sam

at parts of the cell must be opened in
the cells? What do you think DNA will look like?

nd discuss your responses with a partner. Revise your
response after the discussion.

Share:
Share your responses with the class. Make further revisions to your
responses as needed.

Wear safety goggles

and a lab apron. Use

care when handling Group Lab Activity

specimens. Do not

taste chemicals. Task:
Glassware is fragile. _
Notify the teacher of « Extract your own DNA from cheek cells and compare it to DNA

extracted from split green peas.

broken glass or cuts.
Wash your hands
thoroughly with soap
and water before you
leave the lab.

250 UNIT: 4.1 (j;/ ArAregion4
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Understanding Growth and Development

Materials (per student):

- Safety goggles - Glass stirrod

- Small paper cup - Microcentrifuge tube
—  2Test tubes (optional)

— Test tube stopper

Materials (per group):

- 4100 mL Beakers - Split green pea puree
— 3 Plastic transfer pipettes - 10 mL 9% Salt solution
- 2Test tube racks — 10 mL 25% Detergent
- Meat tenderizer solution

- Bottled water - 50 mL Chilled 90%

— Measuring spoons (mL) isopropyl alcohol

- 10 mL Graduated cylinder

Procedure:

Part A-Extracting DNA From Plant

puree andiade solution. Salt
egatively charged DNA.
n the DNA molecule. This allows
other. Salt also helps to break

s inside the cell.

> clump toea
and carbohydrate

r contains an enzyme that helps to break down proteins
port DNA.

4. Place 20 drops of 25% detergent solution into the test tube.
Detergent breaks open the cell membrane and nuclear membrane
by destroying the lipid bilayer that surrounds the cell and nucleus.

5. Cover with a test tube stopper. Place your thumb over the stopper
and gently rotate the test tube side to side for 2 minutes.

6. Use the graduated cylinder to measure 5 mL of chilled isopropyl
alcohol. DNA is not soluble in alcohol. The colder the alcohol, the
more condensed the DNA molecule becomes, making it more
visible.

© Region 4 Education Service Center. All rights reserved. DNA: The Molecule of Life




Understanding Growth and Development

7. Tilt the test tube 45 degrees and slowly pour the alcohol down the
side of the test tube. The alcohol will form a layer on top of the split
green pea mixture.

8. Place the test tube into the test tube rack. Wait 2-3 minutes. DNA
will precipitate out of the detergent mixture. Watch the DNA float
to the surface. DNA that floats to the surface contains millions of
strands of DNA. An individual strand is too small to see without the
aid of a powerful microscope.

9. Inyour journal, describe the appearance of the DNA.

Part B-Extracting DNA From Cheek Cells

depth).

3. Putthe10m
for 1 minute.

test tube side to side for 2 minutes.

Use the graduated cylinder and measure 5 mL of chilled isopropyl
alcohol.

8. Tilt the test tube 45 degrees and slowly pour the alcohol down
the side of the test tube. The alcohol will form a layer on top of the
detergent mixture.

9. Place the test tube into the test tube rack. Wait 2-3 minutes. DNA
will precipitate out of the detergent mixture. Watch the DNA float
to the surface.

10. Inyour journal, describe the appearance of the DNA.

11. Optional: Place a small amount of alcohol into a microcentrifuge
tube. Use a glass stir rod and twirl the DNA around it to form a
spool. Transfer the DNA into the microcentrifuge tube.

252 UNIT: 4.1 (j\'f ArAregion4
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Understanding Growth and Development

Analysis:

1. Describe the appearance of the split green pea DNA.

2. Describe the appearance of your cheek cell DNA.

3. Does the appearance of DNA differ between organisms?
4

How do you think scientists tell the difference between organisms’
DNA?

5.  What was the purpose of adding detergent to the cell mixture?

Group Lab Activity

Task: .
EXPLORE

- v

 Identify the basic structure of DNA using models.
« Carefully follow the procedures provided byyour teacher;

« Record observations, make drawings, and answek questions as
complete sentences in your journal.

« Answer the questions 8n the following pageaftercompleting the
lab activity.

ogen bases are found in DNA?

What

s the shape of the DNA molecule look like?

s the backbone of DNA made of? What makes up the “rungs”
of the ladder?

5. Which nitrogen bases always pair together?

6. Why are the nitrogen bases specific in their pairing?

7. Which part of the DNA molecule stores genetic information?
8. What are the benefits of using models?

9. How did the paper model and bead model represent the structure
of DNA?

© Region 4 Education Service Center. All rights reserved. DNA: The Molecule of Life 253




Understanding Growth and Development

EXPLAIN
Part 1

EXPLAIN
Part 2

254 UNIT: 4.1

Individual Activity: DNA WebQuest

Task:

Journal Entry

« Think about the question:
Since 1981, scientists have known that HIV causes AIDS. Why would
it be such a huge milestone to discover the cure for AIDS?

« Participate in a whole-group discussion about the scientific pr:

e Use the Internet to research the DNA Interactive websit
www.dnai.org.

« Follow the directions on the handout provided by yo
« Record answers to questions in your journal.

Re e

Journal Entry

win ssage.
your journal using your notes from the

Deoxyribonucleic acid, otherwise known as DNA, is the molecule of life
and is found in every living organism. It is the most important organic
compound for living organisms because it stores information for cells to
properly function.

DNA is a large complex polymer that contains the elements carbon,
hydrogen, oxygen, nitrogen, and phosphorus. The molecule is made
up of single units, or monomers, called nucleotides. A nucleotide has
three components that consist of a 5-carbon sugar called deoxyribose,
a phosphate group, and a nitrogen-containing base. There are four
different nitrogen bases in DNA; guanine (ghwah-neen), cytosine
(sigh-tuh-seen), adenine (ad-uh-neen), and thymine (thy-mean).
Nucleotides are often abbreviated with just the letter of the nitrogen
base. Individual nucleotides are able to join through covalent bonds to
create a very long and complex macromolecule. In DNA, the nucleotide
sequence provides the genetic instructions for sequencing amino acids
to build proteins.

LS r S
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Understanding Growth and Development

Artist: Denise Wyllie

Historical Landmarks in the Discovery of DNA

James Watson and Francis Crick are credited with the discovery of the
DNA structure. However, the work of other scientists was critical to their
understanding of DNA's structure. Their work was heavily influenced by
Erwin Chargaff, Linus Pauling, and Rosalind Franklin.

In 1950, Erwin Chargaff found that the nitrogen bases of DNA occur in
the same proportion within an organism. For example, if an organism
produced 30% cytosine, they would also produce 30% guanine.
Likewise, the amount of adenine equaled the amount of thymine. This
observation of A =T and C = G became known as Chargaff’s rules and
was the foundation for the base pairing rules for DNA.

The following year, Linus Pauling discovered that a certain gro
proteins were shaped in a spiral, or helix. At that time,

their understanding of protein structur
Watson and Crick hypothesized that DN

Watson and Crick began
and cardboard to figure ou

X-Ray Diffraction of DNA

and twisted around each other. The photos also
nitrogen bases were near the center of the molecule.

__ Rosalind Franklin did not knowingly give
& her data to Watson and Crick. It was her

-1 coworker, Maurice Wilkins, who showed
_ Watson the photos in the spring of 1953.
As soon as James Watson observed the
photo of the X-shaped pattern of DNA, he
immediately knew that DNA was double-
stranded and helical. Weeks later, Watson
and Crick completed their structural model
, of DNA and published their paper in the

B scientific journal Nature in April of 1953.

Rosalind Franklin

© Region 4 Education Service Center. All rights reserved. DNA: The Molecule of Life




Understanding Growth and Development

DNA is a Double Helix.

DNA is shaped like a twisted &'
ladder called a double helix.
The backbone, or side of

the ladder, is composed of
alternating deoxyribose
sugar and phosphate
groups. The nitrogen-
containing base connects

to deoxyribose sugar.

The two sides of DNA are
complementary and are held
together at the bases by hydrogen
bonds. The hydrogen bonds ,
create a force between the two [
nitrogen-containing bases. Th N
hydrogen bonds can only

between the base i and adenine mine.
The force from th olds the two of the DNA
rungs” of the ladder.

Chromosomes

DNA makes up
q osome

Dromo:

gtk

Modeling DNA Replication

Work with a partner to analyze the process of DNA replication using
the QAR strategy.

« Read pages 256-258 and follow the instructions. Discuss answers
to the questions with your partner and record your answers and
observations in your journal.

DNA Replication

1. DNAis found in the cytoplasm as a single, circular piece in
prokaryotic cells. Eukaryotic cells are more complex. DNA is
found in the nucleus of eukaryotic cells in multiple threads called
chromosomes. The number of chromosomes varies among
organisms. Each human body cell has 46 chromosomes, whereas a
fruit fly has eight chromosomes. Each chromosome has sections of
DNA, or genes, that code for certain proteins. DNA is the hereditary
material that provides instructions for cellular activity.

256 UNIT: 4.1 (j\'j{f Aregion4°
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Understanding Growth and Development

Each cell of an organism, whether prokaryotic or eukaryotic, must
have the ability to pass exact copies of DNA to daughter cells for
them to function properly. Thus, there must be a way for DNA to
replicate, ensuring each new cell has a complete set of genetic
material. As a matter of fact, the double helix structure of DNA
allows it to replicate or copy itself. Each side of the molecule serves
as a template for a new strand. Because each strand can be used to
make the other strand, they are referred to as complementary. This
is possible through the base pairing rule.

» What is the base pairing rule for DNA?

» Where in the cell is DNA located? Where in the cell will DNA
replication occur?

» Why is it necessary for DNA to copy itself?

2. The DNA molecule is quite long. In
from a single human cell, it would
Thus, in order to maximize efficienc

» Examine the plastic zipper model. Describe how each side is
complementary. How is the model similar to DNA?

» What are the limitations in using models?

© Region 4 Education Service Center. All rights reserved. DNA: The Molecule of Life




Understanding Growth and Development

3. DNAreplication is carried out by a group of proteins that act as
enzymes. Some of the enzymes unwind and break open DNA, while
others help add new bases to the DNA strands.

» What are enzymes?
» What suffix do most enzymes have?

4. Let’s look at the steps of DNA replication. The process of replication
begins as an enzyme called helicase unwinds and separate
double helix strand of DNA. This process is commonl
as “unzipping.” The unzipping process breaks the
that connect the base pairs of the two strands. The
the DNA is separated into single strands are called re

Replication occurs from the 5'to 3’ direéction on both st

replication forks.

lymerase bonds the new nucleotides together.

» Add the small cut pieces to your opened-zipper model.

» Describe the completed model.

6. Once all of the nucleotides have been added, DNA polymerase
proofreads each new strand to make sure each new molecule is a
perfect copy of the original. If DNA polymerase detects an error, it
removes the incorrect nucleotide and replaces it with the correct
one. When proofreading is complete, the result is two identical
double-stranded DNA molecules that contain an original strand
and one new strand.

» How does your model represent the completion of DNA
replication?

258 UNIT: 4.1 (j;/ AAregion4*
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Understanding Growth and Development

Individual Assessment

1 Explain how Chargaff’s rules and Rosalind Franklin’s X-ray diffraction
helped Watson and Crick discover the structure of DNA. EVALUATE

2 Write the steps of replication in your own words. Make sure to use
the following words in your explanation.
- hydrogen bonds

- nitrogen bases

- original strand

- nucleus

- complementary strand

- unzip

Select the best answer for questions 3-10

3 DNA is known as the molecule o isa-

because it -
A single helical chain

A controls the a

B ring of nitrogen bases
C double helix

D chain of sugars and phosphates

The enzyme that links nucleotides to
the open strand of DNA is -

A helicase
One of the base paring rules for DNA
is — B DNA polymerase
A cytosine pairs with thymine C deoxyribase
B adenine pairs with cytosine D pyrimidase

C guanine pairs with adenine

D thymine pairs with adenine

© Region 4 Education Service Center. All rights reserved. DNA: The Molecule of Life




Understanding Growth and Development

7 The backbone of the DNA molecule is 10 Salt and detergent are necessary to
composed of - extract DNA from the -
A nitrogen bases A cell membrane
B nucleotides B cytoplasm
C sugar and phosphate C ribosome
D proteins D nucleus
8 Which of the following nucleotide
base sequences complements the
DNA sequence ATGCCATGC?
A TACGGTACG

B ATGCCATGC

TACACATGC

elle contains the proper
of DNA

B mitochondria can produce enough
ATP

C the cytoplasm has enough DNA

D each new cell has exact copies of
genetic material

260 UNIT: 4.1 ()UUU regiond”




Nucleotide Template

Adenine Nucleotide

© Region 4 Education Service Center. All rights reserved. BLM 118



Nucleotide Template

Cytosine Nucleotide

<
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€ 3

e
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Nucleotide Template

Guanine Nucleotide

o

D
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Nucleotide Template

Thymine Nucleotide

© Region 4 Education Service Center. All rights reserved. BLM 121



Lab

Modeling the Structure of DNA

Part A-Model in Two Dimensions

Materials:

Bag with shapes

Procedures:

1. Open the bag and empty the contents onto your desk.

2. Observe each piece. Discuss the following questions and re
complete sentences in your journal.

d your respon

How many different shapes do you obse

«  How many subunits does each shape coO

How are the shapes different?

« What are the letters of the shapes that fit together?

8. Draw a diagram of the completed DNA structure in your journal. Be sure to include the
letter on each shape in your drawing.

© Region 4 Education Service Center. All rights reserved. BLM 122



Lab

Part B-Model in Three Dimensions

Materials:

Plastic beads in four colors (red, blue, green, and yellow)

2 Nylon strings with a knot at one end of each string

Procedures:

1. Take out the bead colors that are listed below and sort them into color groups:
Thymine = Red Adenine = Blue

Guanine = Green Cytosine = Yellow

2. Write the letters of the bases that always pair together:
T (red) pairs with (blue)
A (blue) pairs with

In this model, each bead color represen
represent the sugars and p

n the string that represent the nitrogen bases. (One pair of the lab group place
eads on string one, the other pair place beads on string two.)

6. After both strings are complete, tie a knot at the other end of both strings. Hold both
strands by the knots, making sure the matching nitrogen bases are touching each other,
and gently twist them in one direction to create a model of the DNA double helix.

7. Complete the discussion questions that are found on page 253 of your text.

© Region 4 Education Service Center. All rights reserved. BLM 123



WebQuest

i DNA WebQuest

Procedures:

1. Enter the web address: http://www.dnai.org
Select Code from the menu on the left or along the top.

Select Finding the Structure.

> W N

Select Problem from the menu along the top.

hd

Read through the slide and click on the red forward arrow to move to the ne

6. Answer the following questions:

With what types of cells did Friedrich Miescher work?
«  From where did he get nuclein?
«  What do we know nuclein as today?

«  What contribution did Phoebus
structure?

n DNA Home at the top of the slide.

11. Select Code from the menu. Click on “Finding the Structure.”
12. Select Putting It Together from the menu.

13. Select The DNA Double Helix.

© Region 4 Education Service Center. All rights reserved. BLM 124



WebQuest

Summary of Research Leading to the Structure of DNA

Date Scientist(s) Major Accomplishments

Friedrich
Miescher

Oswald Avery

Erwin Chargaff

o

Linus Pauling

James Watson &
Francis Crick
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