Section

Animal Science

Unit

Unit 5: Cell Structure and Organization

Lesson Title
Lesson 5: DNA and DNA Replication and Optional Laboratory

Student Learning Objectives 

As a result of this lesson, the student will

1. Be able to identify and explain DNA structure.

2. Know how DNA pairs with specific bases and the process of DNA replication.

3. Students will comprehend the importance of checking for errors during DNA replication 

Time
Instruction time for this lesson: 50 minutes.

Resources

· Overhead or projector 

Tools, Equipment and Supplies

· Spare text books totaling about 10,000 pages

· Crayons or colored pencils

· Blank sheets of paper 

Key Terms 

DNA




Adenine

Guanine

Nitrogen bases



Thiamine

Cytosine 

Complementary strands

Proteins

Replication forks

DNA polymerase


Nucleotides 

Proofreading

Backtracking 

Interest Approach

Before class begins, make a stack of books totaling about 10,000 pages. Tell students that the stack of books represents only about one-fiftieth of the information contained in the DNA of every human cell. Correlate this with the amount of information required to describe livestock or a human.

Display the student objectives and discuss each of them to determine what prior knowledge the students have.

Student Objectives

· Students will be able to identify and explain DNA structure.

· Students will know how DNA pairs with specific bases and the process of DNA replication.

· Students will comprehend the importance of checking for errors 

Objective one for this lesson is for each of you to be able to identify and explain the DNA structure.  (Take responses after each question.)
What does each of you already know about DNA?

Where is DNA found? (The nucleolus of the cell)
What is the structure of DNA? (Double helix)  Good we will take what each of you already know and build upon that to reach this objective.

Objective two is for each of us to know how DNA pairs with specific bases and the process of DNA replication. What is DNA replication? (Creating new DNA).
Objective three is for each of us to understand the importance of the process of checking replicated DNA for errors. Why would this be such an important step? (Prevent mutations and possible death of the organism) 

Very good, now let us begin by exploring the structure of DNA.

Summary of Content and Teaching Strategies

Objective 1
Students will be able to identify and explain DNA structure.
Use the PowerPoint or overheads while lecturing Display the third slide or overhead of the exploded view of the cell and DNA.

A Graphic Artist Moment will help us better understand the structure of DNA and where DNA is found. When I say, “DNA,” retrieve a blank sheet of paper and crayons or colored pencils of varying colors from the front of the room and then return to your desk, DNA. I would invite each of you to tap into your creative genius to duplicate the image displayed within the next five minutes.

Now take about thirty seconds to label your masterpieces.

Display slides 4 – 6.  Discuss and allow students time to add them to their notes. 

I. DNA Structure

· A) Double helix held together by weak hydrogen bonds

· B) Nucleotides

· 1. Subunits that makeup DNA

· 2. Made up of 3 components 

· A) phosphate group

· B) deoxyribose = 5 carbon sugar

· C) nitrogen containing base 

I. DNA Structure

· C) Four nitrogen bases

· 1. Purines 

· A) Adenine 

· B) Guanine 

· 2. Pyrimidines 

· A) Thiamine 

· B) Cytosine 

I. DNA Structure

Look back at the drawings that we began with. Notice the letters on the bottom “rungs” of the ladder. What do you think these letters represent? The letter represents one of the four nitrogen bases. Does anyone have any questions about the structure of DNA? Great! We have just accomplished our first objective.

Objective 2 
Students will know how DNA pairs with specific bases and the process of DNA replication.

Use a little Professor Moment review slides or overheads 7-11, allowing for students to capture the notes.  

II. Pairing Between Bases

· A) Purines on 1 strand always pair with Pyrimidines on another strand 

· 1. A pairs with T always

· 2. G pairs with C always

· B) Complementary Strands  

· 1. Sequence of bases on one strand determines the sequence on the other strand.

· 2. Make up the double helix and serve as a template to build DNA

II. Pairing Between Bases

III. DNA Replication

· A) Step 1 = double helix unwinds

· 1. DNA Helicase 

· A) an enzyme that breaks apart the hydrogen bonds

· 2. Hydrogen Bond

· A) these bonds hold nucleotides together

· 3. Proteins

· A) attach to the strands to keep the bonds from reforming 

· 4. Replication Forks

· A) two areas where the DNA opens up to allow replication to occur 

III. DNA Replication

· B) Step 2 = nucleotides are added

· 1. DNA Polymerase

· A) enzyme that moves along each strand adding nucleotides

III. DNA Replication

· C) Step 3 = 2 strands of DNA are formed 

· 1. Enzyme

· A) DNA Polymerase remains attached until all of the DNA is replicated

· 2. New DNA

· A) once process is completed, 2 new strands are completed 

· 3. Nucleotide Sequence 

· A) identical sequences are present on both strands 

Ask students if they have any questions on the replication process. When all questions have been answered, ask: “In this complex system, how often do you think there are errors?” Take responses leading to Objective 3.

Objective 3 
Students will comprehend the importance of checking for errors during DNA replication. 

Show the final slide and allow students to copy it into their notes. 

IV. Checking for Errors 

· A) Proofreading 

· 1. The Polymerase can only add a nucleotide if the previous one was correctly placed 

· B) Backtracking

· 1. DNA can go back and remove the incorrect nucleotide and replace it with the correct one 

In the course of DNA replication, errors sometimes occur and the wrong nucleotide is added to the new strand. An important feature of DNA replication is that DNA polymerases have a proofreading role. They can add nucleotides to a growing strand only if the previous nucleotide is correctly paired to its complementary base. In the event of a mismatched nucleotide, DNA polymerase is capable of backtracking, removing the incorrect nucleotide and replacing it with the correct one. This proofreading prevents most errors in DNA replication. Only one error per one billion nucleotides typically occurs. These errors or changes in nucleotide sequence are called mutations.

Review/Summary

To review today’s lesson, we are going to create a mind map that will also serve as a study guide. Remove a blank sheet of paper from your notebooks. In the center, write, “DNA,” inside a circle. To help you get started, create three different legs coming off the center in different directions. Enclosed at the end of each of these three legs would be one of the three objectives. Proceed using your notes to capture the structure of DNA and how it replicates. 

Allow 3-5 minutes for students to create their mind maps.
Application

Extended classroom activity

Instruct students to research and compile a report about varying topics related to DNA. Possible topics would be genetic engineering in general or the engineering of specific species. Other options could be the process of DNA fingerprinting in forensic science.

*The DNA lab (available at the end of this document) will supplement this lesson well if you have time.

FFA activity

Create a lab or display to be used in the FFA science fair.

SAE activity

Research career opportunities in the field of genetic engineering or how genetic engineering is being applied in their SAEs already or how it could be applied in the future.
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Quiz: DNA Structure and Replication

Agricultural Biology

1. Describe what makes up nucleotides. 

2. List the four nitrogen bases and which ones pair up. 

3. Describe the three steps in DNA replication. 

4. What are the two methods used to check for errors?
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DATE: ___________

Quiz: DNA Structure and Replication

Agricultural Biology

5. Describe what makes up nucleotides.

Nucleotides are made up of three components; a phosphate group, deoxyribose, and a nitrogen base

6. List the four nitrogen bases and which ones pair up. 

Adenine and Thiamine


Guanine and Cytosine 

7. Describe the three steps in DNA replication. 

In step one, the double helix unwinds, the hydrogen bonds are broken, and proteins attach to keep the bonds from reforming. In step two, nucleotides are added. DNA polymerase is the enzyme that accomplishes this. In step three, two DNA strands are formed from one. Once step three is completed, there are two strands of DNA with identical sequences present on each.

4.  What are the two methods used to check for errors?


Proofreading and Backtracking 

DNA Laboratory

Student Learning Objectives

1. Explore DNA’s structure and function.

2. Isolate and observe DNA from cheek cells.

3. Record scientific observations on the extracted DNA describing its appearance and physical characteristics.

Time
50 minutes

Resources

WWW.pbs.org/wgbh/nova/teachers/activities/2809
www.drai.org/index.htm
Biology, Dynamics of Life, Biggs, Kapicka, Lundgren

Tools, Equipment and Supplies:

For group:


8 grams sodium chloride i.e. Canning salt


25 mls plain, clear liquid soap


10 ml cooled isopropyl alcohol 70%


200 ml of distilled water


10 ml of bottled drinking water

Items should be sterile and properly washed before using.

For each group or individual



2 250 ml glass beaker


1 spoon



1 100 ml graduated cylinder

1 glass stirring rod



1 25 ml graduated cylinder

1 copy per student of NOVA Handout



1 electronic balance


1 copy per student of lab procedure



1 eye dropper



1 copy per student of web worksheet



1 paper cup



1 copy per student of quiz



1 test tube w stopper / lid



1 test tube rack

This lab will encompass two activities: 

1. DNA extraction from student’s cheek cells.

2. Visit a web site to learn about James Watson and Francis Crick and see how DNA replicates and transcribes.

Depending on your student numbers you may only have time for the lab. If you make the solutions for the lab ahead of time, and then go through the web site as a class, it may be still possible to get this done in 50 minutes. I use a projector to display the website so all the students can follow along rather than a computer for each student.

Before the class begins, I would make the three solutions (salt solution, soap solution, and alcohol solution) and put them into dropper bottles labeled with the names of the substance on the front. Also make sure to chill the alcohol solution in the freezer just prior to the lab for best results!

If possible, before doing this activity, make and show a slide of some cheek cells and stain it with methylene blue so that students can see the nucleus shape of the cheek cell.

Have the room arranged with all the lab materials for each student/group to locate without trouble. I always model the lab in front of the students before I turn them loose.

Interest Approach:

How small is DNA? (Wait for a response) Call on a student’s response. 

Right! It is so small it can only be seen with an electron microscope (50 trillionths of a inch long).

Someone tell me what the structure of DNA looks like? Wait for a response. Yes, that’s correct!! A double helix comprised of a ribose sugar, phosphate and nitrogen base. In animals, it is found in almost all cell types: muscle fibers, reproductive cells, white blood cells and skin cells. Today you get to see DNA first hand and guess what? It’s going to be your own!! The reason you can see the DNA is because you are going to be releasing it from a number of cells.

Summary of Content and Teaching Strategies

Write the objectives on the board

1.
Explore DNA’s structure and function.

2. Isolate and observe DNA from cheek cells.

3. Record scientific observations on the extracted DNA describing its appearance and physical characteristics.

Divide class into groups and hand out Basic procedure for extracting DNA:  (See overhead labeled NOVA).

For you all to see your DNA, the first thing we have to do is collect cells from your cheeks. When I say, “Go,” your group needs to read the overhead/handout directions. Once you are done reading the directions, follow the procedure as a group to properly collect your cheek cells.

GO!

Once everyone is done collecting their cheek cells, they need to follow the lab procedure handout called, “Extracting DNA From Human Cheek Cells” to extract their DNA.  Distribute the lab procedure.

Now that you all have collected cheek cells, I need you all to extract your DNA by working as a group following the lab procedure I just gave you.  Follow instructions carefully and work at your group’s own pace. I will be around to answer any questions.

There is a teacher’s guide covering how to answer some difficult questions at the end of this document. It is labeled, “Teacher Notes/Discussions/Information/Key.” This should help you and your students get through the extraction process.
Once complete:  Great!! You all did a nice job!
Hand out the website worksheets to students.

Now we are going to head to a special website and review the DNA molecule together.

Get your worksheet ready!

Prompt the slide show before the class period. Turn on the projector and begin the slide show.

Go through the slide show and field questions as you go along.

There is a quiz over the DNA website that you can give as extra credit or homework. The key for the teacher is also attached.
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Cracking the Code of Life | Student Handout
See Your DNA

DNA contains the instructions for making you. How you look, what blood type you have, even your
tendency to get some diseases. It is found inside the nucleus in just about every single cell of your
body. In this activity, you'll break away the membrane around the cell and its nucleus so that you can
see your very own DNA.

Procedure

1. This procedure will collect some of the buccal cells
that line the inside of your mouth. These cells are
continuously being sloughed off by your cheeks. Swill
2 teaspoons (10 ml) 0.9 percent salt water in your
mouth for 30 seconds. This amount of swishing will
actually become quite laborious -- hang in there!

2. Spit the water into your cup. Pour this into a large test
tube containing 1 teaspoon (5 ml) 25 percent liquid
detergent.

3. Cap tube and gently rock it on its side for 2-3 minutes.
The detergent will break open the cell membrane to
release the DNA into the soap solution. Do not be too
vigorous while mixing! DNA is a very long molecule.
Physical abuse can break it into smaller fragments, a
process known as shearing.

4. Open and slightly tilt the tube and pour 1 teaspoon (5
ml) fluid ounces of the chilled 95 percent ethanol down
the side of the tube so that it forms a layer on the top of
your soapy solution.

5. Allow tube to stand for 1 minute.
6. Place a thin acrylic or glass rod into the tube.

7. Stir or twirl the rod in one direction to wind the DNA
strands onto the rod. Be careful to minimize mixing of
the ethanol and soapy layers. If too much shearing has

. occurred, the DNA fragments may be too short to wind
up, and they may form clumps instead. You can try to
scrape these out with the rod.

8. After you have wrapped as much DNA onto the rod as you can, remove the rod and
Shake /Scvage the DK 1430 tube contdlnm 95"/0\3""1"01
Your DUA Shokd Steg s9lid ta tis™ Solut o





[image: image2.emf]      Extracting DNA from Human Cheek Cells          Abstract     The purpose of this lab is to have students extract DNA or Deoxyribonucleic Acid, from their  own cheek cells. Cheek cells are collected with purified water and placed into a saline and  soap solutio n.  When alcohol is added, the DNA precipitates from the solution and thus the  DNA is observable. This lab has been adjusted to use equipment and materials readily  available within a secondary classroom and to fit within a 30 minute time period.  Students  like this lab because they are able to see their own DNA from their own epithelial cells.     Introduction          Can DNA be found in human eukaryotic cells? DNA, a polar molecule composed of two  complementary chains of nucleotides wound in a double helix, is  present in all living things  from bacteria to plants to animals. In animals, it is found in almost all cell types: muscle  fibers, reproductive cells, white blood cells, and skin cells. The basic procedure for extracting  DNA is the same, regardless of its s ource, although the specifics may vary:         Collect  the cells containing DNA      Break  the cellular membranes to release the DNA      Separate  the cellular components from the DNA      Precipitate  the molecules of DNA                 Extracting DNA is a moderately simple proc ess. The activity begins by collecting cheek  cells by rinsing the mouth with purified drinking water and gently scraping the oral cavity  with the teeth.  This process will help gather numerous epithelial cells lining the oral cavity.  A soap is then added t o the cheek cell solution in order to split or break the cells open. This  process releases the DNA from inside the cells and nuclei because the amphiphilic properties  of the detergent break apart the fatty and protein components that make up cellular and  n uclear membranes.  A concentrated salt solution is then added to the cheek cell solution in  order to change the polarity of the solution and help separate the undesirable components  from the DNA. This process will allow DNA, a polar or slightly negatively  charged molecule  by nature when released from nuclei, to dissolve in the ionic solution while many fats,  carbohydrates and proteins settle out. Finally, the DNA is then precipitated from the ionic  solution by the adding 70% +  isopropyl alcohol. This process  will allow DNA,   which is not soluble in the alcohol, and the alcohol, which are less dense than the ionic  solution, to appear towards the top of the solution.  The DNA will appear white and cloudy  and/or thread - like during the precipitating period.  The h ypothesis for the procedure is that a  collection of DNA can be extracted from human epithelial cells, isolated and observed.        

   



[image: image3.emf]Teacher Notes/Discussions/Information/Key     1. I'm pretty sure I'm not seeing DNA. What did I do wrong?     First, check one more time for DNA. Look very closely at the alcohol layer for tiny  bubbles. Often, clumps of DNA are loosely attached to the bubbles.     If you are sure you don't see DNA, then the next step is to make sure that you started with  enough DNA in the first place. To fix this, go back to the first step and make an effort to  “scrap” your inner cheeks with your teeth.      Another possible reason for  not seeing any DNA is not allowing enough time for each  step to complete.      2. Why does the DNA clump together?     Single molecules of DNA are long and stringy. Each cell of your body contains six feet  of DNA, but it's only one - millionth of an inch wide. To  fit all this DNA into your cells, it  needs to be packed efficiently. To solve this problem, DNA twists tightly and clumps  together inside cells. Even when you extract DNA from cells, it still clumps together,  though not as much as it would inside the cell .     Imagine this: the human body contains about 100 trillion cells, each of which contains six  feet of DNA. If you do the math, you'll find that our bodies contain more than a billion  miles of DNA!     3. Can I use this DNA as a sample for gel electrophoresis?     Yes, but all you will see is a smear. The DNA you have extracted is genomic, meaning  that you have the entire collection of DNA from each cell. Unless you cut the DNA with  restriction enzymes, it is too long and stringy to move through the pores of the g el;  instead, all you will end up seeing is a smear.     4. Isn't the white, stringy stuff actually a mix of DNA and RNA?      That's exactly right! The procedure for DNA extraction is really a procedure for nucleic  acid extraction. However, much of the RNA is cu t by ribonucleases (enzymes that cut  RNA) that are released when the cells are broken open.     5. So, how do I now if I have DNA?        DNA is linear (tell by its wrapping properties around the stirring rod/toothpick)      DNA is white and thread - like in color (tell b y its appearance)      DNA is soluble in water and insoluble in alcohol (tell by the location of the DNA  in the alcohol gradient in the test tube )    
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Quiz

Date:

. What are the two general functions of DNA in a cell?

(a)

(b)

What is the first step in transcription?

What makes up a codon?

In what ways is mRNA different from DNA?
(a)
(b)
©

James Watson and Francis Crick identified the structure for DNA. The ladder
structure of DNA winds around to form a cylindrical shaped called a

What are the two long bases? and
What are the two short bases? and
Base A can pair only with

Base C can pair only with

What do the sides of the ladder consist of?

What do the rungs or steps of the ladder consist of?

In a cell, each base is attached to a sugar-phosphate unit. This forms a

13.Where in the cell does replication occur?
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Quiz (Key)

1) What are the two general functions of DNA in a cell?
(a)

(To replicate itself for the creation of new cells.)

(b)
(To direct the synthesis of proteins.)

What is the first step in transcription?
(The first step in transcription is the “unzipping” of the DNA to form an open
ladder.)

What makes up a codon? (Three bases.)

In what ways is mRNA different from DNA?
Enﬂ(NA has only one strand, DNA has two)
EQRNA has the base U, DNA has T.)
g:r)lRNA works in the cytoplasm, while DNA works in the nucleus.)

James Watson and Francis Crick identified the structure for DNA. The ladder
structure of DNA winds around to form a cylindrical shaped called a
. (double helix)

What are the two long bases? and
[Adenine (A) and Guanine (G)]

What are the two short bases? and
[Thymine (T) and Cytosine (C)]

Base A can pair only with . (Thymine)
Base C can pair only with . (Guanine)

What do the sides of the ladder consist of?
(sugars-phosphate units)

What do the rungs or steps of the ladder consist of? (paired
bases)

In a cell, each base is attached to a sugar-phosphate unit. This forms a
. (Nucleotides)

Where in the cell does replication occur? (In the nucleus)
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16.
(a)
(b)

Web Site Worksheets

Date:

Click on the bookmark your teacher instructs you to go to.
(http.//www.drai.org/index.htm)

Click on Dolan DNA Learning Center — Genes in Education

Choose DNA Interative and click on code.

Click on Copying Code

Choose Players.

Move mouse across the film strip, choose Watson and Crick.

Choose Central Dogma. Choose Large and clip will start. Ans. following
questions.

What note did Watson make on a little piece of paper and tape to his desk?

Choose What does RNA do and view the clip.
What is RNA?

What happens to the DNA strand when separated?
Choose Putting it together.

Choose Transcription and view the clip. Ans. questions by scrolling through the
fext.

What’s DNA most extraordinary secret?
What is a gene?
What is the blue molecule racing down the DNA doing?

(©)
17.
18.

19.
20.
21.

22.
(1)
@
23,

What is the yellow chain?
What building blocks are used to make the RNA? , R

What is this process called?
Choose Replication and view the clip. Ans. questions by scrolling through text.
What effect does the helicase have on the DNA strand?

What happens to each strand?

What is the product of this process?
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1. Click on the bookmark your teacher instructs you to go to.
(http.//www.drai.org/index.htm)

Click on Dolan DNA Learning Center — Genes in Education

Choose DNA Interative and click on code.

Click on Copying Code.

Choose Players.

Move mouse across the film strip and choose Watson and Crick.

Choose Central Dogma and then choose Large. Clip will start playing.
What note did Watson make on a little piece of paper and tape to his desk?

AR W

(He
wrote that their must be some system by which the information is transferred from
DNA to RNA and then RNA provides the information, it is the direct template for
protein synthesis.)

9. Choose What does RNA do and view the clip.

10. What is RNA? (It’s a template.)

11. What happens to the DNA strand when separated?
(When the DNA stand is separated, instead of making another strand of DNA, it
makes a strand of RNA.)

12. Choose Putting it together.

13. Choose Transcription and view the clip. Answer the following questions by
scrolling through text.

14. What’s DNA most extraordinary secret? (A simple
code is turned into flesh and blood.)

15. What is a gene? (A length of DNA
instructions)

16. What is the blue molecule racing down the DNA doing?

(a) (Reading the gene)

(b) (It unzips the double helix)

(©) (It copies one of the DNA strands)

17. What is the yellow chain? (It’s a copy of the DNA. It’s
mRNA.)

18. What building blocks are used to make the RNA? 5 :

5 A, T,G,U)
19. What is this process called? (Transcription)

20. Choose Replication and view the clip. Ans. questions by scrolling through text.
21. What effect does the helicase have on the DNA strand?
(It spins the DNA and unwinds the

double helix into two strands.)
22. What happens to each strand?

(1) (One strand is copied continuously)

2) (The other strand must be copied
backwards, one section at a time.)

23. What is the product of this process? (Two

new DNA molecules have been created.)
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