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Teacher Background Knowledge:
      The p53 gene is located on chromosome 17 at position 13.1 on the short arm (p) of the chromosome, from base pairs 7,512,463 to 7,531,641.  The term p53 refers its molecular mass (although when the molecular mass is based on the sum of its amino acids it is calculated at only 43.7 kilodaltons.)  This protein runs as a 53 kilodalton (kDa) protein on SDS-PAGE.

Prerequisite knowledge:
· Definition of Genetics

· Heredity

· Traits

· Mendelian genetics rules

Goal:  To understand the concepts of Recombinant DNA Technology.

Objective:  Students will:
· Discover new medical techniques that are being used to treat diseases using DNA.

· Complete a paper lab to explore the possibilities of the use of recombinant DNA.

Materials:  

· Copies of Student Information Sheet
· Plasmid handout

· P53 Gene handout
· Restriction enzymes handout

· Scissors

· Tape

· Highlighter marker

Time: 45 – 60 minute class period
National Science Standards: S1, S3, S6

Prep:

· Prepare the lab materials as below:




P53 Gene   - make a stack of copied P53 gene sheets



Plasmid  - make a stack of copied Plasmid sheets



Restriction Enzymes  - make a stack of restriction enzyme 



sheets and place scissors with them



Ligase  - make a pick-up area for scotch tape.
· Hint:  Use different color paper to copy the p53 gene, the plasmid, and the restriction enzymes.  The p53 gene can be located easily in the recombinant plasmid when they are different colors.
Procedure:
· Explain to students that what we now know about DNA and genetics is leading to great advances in disease prevention and cure. 

· Explain that in the future patients like Gena and her daughter Elizabeth may have very different treatments, tests and possible cures for their genetic disorders. 

· Show the PowerPoint Presentation “Recombinant DNA”, that goes with this lesson.

· Now explain to students that they will now experiment with recombinant DNA and they will be the scientists. 
· Hand out the Recombinant DNA Technology - student sheet.

· Read points 1 through 5 as a class and then review the student directions.

· Check for understanding.

· Have students get into groups of 2.

· Have students complete the activity.

· Review the questions for thought with the students using the teacher answer key.

· Optional: Have students complete the additional questions for thought or give this for homework.
Recombinant DNA Technology- Student Sheet
Name:__________________________________________Class Period:_______________
1. How and why do we engineer human genes into bacterial DNA? How do we isolate and manipulate genes in which we are interested? One method scientists commonly use is called recombinant DNA technology. Recombinant DNA technology is the process of cutting and recombining DNA fragments. Usually human DNA containing genes for a particular protein are used, recombined with bacterial DNA and then inserted into a bacterial cell (transformation). Recombinant DNA technology coupled with the knowledge of transformation opens many doors in genetic engineering.  If scientists can alter DNA, they can then insert desired genes into another organism. They can alter the genes of bacteria to cause them to produce a desired human protein product.

2. Once a gene is sequenced, it can be used in recombinant DNA techniques. Sequencing is a technique used to determine the order of genetic information in DNA. For example the sequence of a gene might begin as C A T A T G. One of the first genes sequenced was the gene that codes for insulin, a hormone that regulates blood sugar.   Another gene of interest is the gene p53.  p53 (also known as TP53) is a tumor suppressing gene.  It produces a protein that will regulate the cell cycle by inhibiting cells from growing and dividing too quickly.    This protein is contained in the nucleus of body cells and will bind to the DNA determining whether the DNA will be repaired or whether the cell will undergo apoptosis (programmed cell death)  if the DNA becomes damaged by mutagens such as toxic chemicals, UV light, or viruses.  This process prevents the development of tumors by stopping cells with damaged DNA from undergoing mitosis and passing down this damaged DNA to daughter cells.   If it is determined that the DNA can be repaired p53 will activate other genes to fix the genetic damage.  Due to the activity of p53 of regulating cell division, this gene has been called the “guardian of the genome” ,“the guardian angel gene” or the “master watchman”.

3. A plasmid is a circular, double stranded piece of DNA that occurs naturally in bacteria and can be used as an important tool in genetic engineering. A human gene can be inserted into a plasmid (this is used as a vector to transfer the gene into a bacterial cell), and then this DNA is absorbed by a host cell such as E.coli .   This bacterial cell becomes transformed with the recombinant DNA, and the gene is expressed. In a laboratory this transgenic bacteria is cloned and the plasmid would then be replicated, transcribed and translated into a protein in the host cell. Many drugs are now manufactured this way. Scientists insert a gene coding for the desired protein into a bacteria and the desired trait is expressed.
4. The process of transformation allows bacteria to take in foreign DNA. This occurs in nature but when bacteria are transformed in the lab a plasmid containing a gene for antibiotic resistance is used so the transgenic E.coli containing the recombinant DNA  can be located. 

5. In this activity you will be a molecular biologist! You will use a paper model to simulate recombinant DNA technology by identifying the p53 gene on chromosome 17, cutting it out and putting it into a plasmid. Using materials provided for your simulation, follow the steps below to isolate the gene and put it in a plasmid.    You will simulate standard techniques used in recombinant DNA technology  in this activity. 
Materials – for each team of 2 students:

Plasmid handout



Tape
P53 Gene handout




Highlighter marker
Restriction enzymes handout
               
Scissors
Student Directions:

Part 1

· Collect the materials you need from your teacher:



Plasmid handout



P53 Gene handout



Restriction enzymes handout


Scissors



Tape



Highlighter marker

· As a team you will create your own plasmid. Many plasmids that are used in research laboratories are made synthetically (by human intervention). Scientists build plasmids according to how they use them. 

· To create your own plasmid follow the steps below:

1. Cut out the double stranded DNA sequence from the plasmid handout. Be sure to cut along the dotted lines.

2. Tape the sections together end to end.


Hint: You may tape the plasmid strips together in any order.

3. Tape the ends of the entire strip together so that the plasmid is circular. Make sure the circle is such that you can see the base pairs on the outside.

· Now, create your own chromosome 17 by cutting out the double stranded genomic DNA sequence from the p53 gene handout. Cut along the dotted line and tape the sections together end to end in numerical order. 

Hint: Be sure to tape the strips representing the chromosome in order. Chromosomes are not built according to scientists needs. Scientists discover and study them as they naturally exist. 

Questions for thought:

What are the differences between a plasmid and a chromosome?

____________________________________________________________________________________________________________________________________________________________________________________________________________________________________

What would a scientist need to do before he or she could remove a gene from a chromosome?

__________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

· Now that you have a plasmid and a chromosome, you are going to use recombinant DNA technology to move genes. Read the following paragraph.

Restriction enzymes are another important tool that scientists use. Essentially, they work like scissors that cut at specific locations along a DNA strand. There are thousands of restriction enzymes that occur naturally in bacteria. Most likely, their function in bacteria is to cut up foreign DNA. Scientists use restriction enzymes as a tool in molecular biology. Restriction enzymes work by cutting DNA at specific locations along the DNA sequence. Each enzyme cuts at a specific DNA sequence called a restriction site. 

Your scissors will be used as restriction enzymes in this activity. On the restriction enzymes handout, several restriction enzymes are listed next to the DNA sequence at which they cut. 
· Study the DNA sequences at which the restriction enzymes cut on the restriction enzymes handout. Discuss your understanding of the restriction site with your partner.

· On chromosome 17, locate the restriction sites described in the restriction enzyme handout. Label all of the places along the chromosome where a restriction enzyme would be cut. Be sure to label each site with the name of the restriction enzyme and draw a line indicating where the enzyme will cut. Note: not every enzyme will cut along these sections of DNA. 

· Now think about which restriction enzyme(s) you can use to cut out the p53 gene. Highlight the sites where you can cut the restriction enzymes you would use. Do not cut out the gene yet. 

Questions for thought:

Which restriction enzyme(s) would you use to cut out the p53 gene? Why?

___________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

What other information might you need before making your final choice?

Hint: Your goal is to put the p53 gene into the plasmid.

______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

· When you cut out the p53 gene, you will need a place to put it for processing. We can use Plasmid DNA for this purpose. In fact, plasmids can serve as vectors. Vectors are used to carry a gene to an organism. The gene within the plasmid can then be replicated, transcribed, and translated all within a host organism, such as the bacteria E.coli. Plasmids use the machinery of the host bacteria to accomplish this feat. Locate restriction sites on the plasmid DNA using the restriction enzyme handout as a guide. Label these sites with the name of the restriction enzyme and draw a line indicating where the enzyme will cut. 
· Compare the restriction sites you found on both the chromosome and the plasmid. Knowing that the p53 gene needs to be placed into the plasmid, identify which restriction enzyme(s) you should use to cut out the p53 gene and to cut the plasmid DNA. 


Hint: The plasmid is used as a vector (a device to carry the gene). You do not need to remove DNA form the plasmid. You will only need to open up the plasmid to insert the p53 gene. You might accomplish this by using one enzyme.

· Once you have decided upon which restriction enzyme to use, check with your teacher before you actually start cutting. Using the restriction enzymes handout as a guide, use your scissors as a restriction enzyme to cut the DNA sequence at the sites you have identified.

· Remove the p53 gene from the chromosome 17. Isolate the gene by removing the rest of the DNA (throw it away).

· On your plasmid, cut the DNA sequence at the site(s) you have identified.

Questions for thought:

What happens to the plasmid when you cut it? How many pieces of DNA do you have? What happens to chromosome 17? How many pieces do you get?

_____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Compare the ends of the plasmid DNA with the ends of the isolated p53 gene. What do you notice?

_____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

· Read the following paragraph, which describes the different ways restriction enzymes work.

When studying the restriction sites, did you notice differences in how the enzymes cut DNA? For example, Eco RI cuts between the G and A. This leaves what is called a “sticky end” on both ends of the DNA. Sometimes the cut leave a “blunt end”, like the Hpa I restriction enzyme. The illustration below of (a) and (b) shows double stranded DNA cut with a restriction enzyme. The top lines represent one strand and the bottom line represents the complementary strand. The spaces represent where the enzymes have cut. (a) shows DNA cut with an enzyme leaving sticky ends and (b) shows DNA cut with an enzyme leaving blunt ends.
___________          _____________



____________     ___________

_______________             _______



____________     ___________



(a)







(b)

· It is now time to put the p53 gene in the plasmid.  Another enzyme, called ligase, assists in the formation of bonds between adjacent, matching DNA ends. Your tape will play the role of the ligase. Insert the p53 gene in the plasmid DNA in the appropriate place. Tape the ends together. Does it fit?

Questions for thought:

What is the role of the plasmid?

___________________________________________________________________________________________________________________________________________________________________

What is the role of the gene?

____________________________________________________________________________________________________________________________________________________________________

Do you think the direction of the gene might be important? Why or why not?

_______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

As a class discuss the following questions:

Was every group successful in putting the p53 gene into a plasmid? Why or why not?

Why is the location of the restriction site important? Which sites work and which wouldn’t? Why?
Restriction Enzymes Handout

	Restriction Enzymes
	DNA Sequence

(both strands are represented)

	Bam HI
	G  GATCC

CCTAG  G

	Eco RI
	G  AATTC

CTTAA  G

	Hpa I
	GTT  AAC

CAA  TTG

	Hind III
	A  AGCTT

TTCGA  A

	Nde I
	CA  TATG

GTAT  AC

	Sal I
	G  TCGAC

CAGCT  G



Restriction enzymes recognize particular sequences in DNA and cut at specific points within that sequence. For example, Bam HI recognizes the DNA sequence “GGATCC”. It then cuts between the G and the G.
Remember, the DNA is double stranded. The restriction enzymes will cut both strands. Therefore, Bam HI will cut between the Gs on both strands creating “sticky ends.”    Hpa I  cuts creating “blunt ends”. 


Plasmid Handout

--------------------------------------------------------------------------------


a g t g a c a t a t g a t t c g a g c t c g g t a a c


t c a c t g t a t a c t a a g c t c g a g c c a t t g

--------------------------------------------------------------------------------
       c g g g g a t c c t c t a g a g t c g a c c t g c a g g c

g c c c c t a g g a g a t c t c a g c t g g a c g t c c g
--------------------------------------------------------------------------------
       t a g c a a g c t t g g c g t a a t c a t g g t a c a t a


a t c g t t c g a a c c g c a t t a g t a c c a t g t a t

--------------------------------------------------------------------------------
       g g g a t c c t t c t c c a g t a g g t a g g c c g t c g


c c c t a g g a a g a g g t c a t c c a t c c g g c a g c
--------------------------------------------------------------------------------
       a c g g c t a g g c t t a a a c t g g g a t c c a t g c c

       t g c c g a t c c g a a t t t g a c c c t a g g t a c g g

--------------------------------------------------------------------------------
p53 gene handout

1--------------------------------------------------------------------------------------
t g c c c a t a t g t t c c c a t c a a g c c c t a g g g c t c c 
a c g g g t a t a c a a g g g t a g t t c g g g a t c c c g a g g
2--------------------------------------------------------------------------------------
t c g t g g c t g c t g g g a g t t g t a g t c t g a a c g c t t                    
a g c a c c g a c g a c c c t c a a c a t c a g a c t t g c g a a
3--------------------------------------------------------------------------------------
c t a t c t t g g c g a g a a g c g c c t a c g c t c c c c c t a
g a t a g a a c c g c t c t t c g c g g a t g c g a g g g g g a t
4--------------------------------------------------------------------------------------
c c g a g t c c c g c g g t a a t t c t t a a a g c a c c t g c a
g g c t c a g g g c g c c a t t a a g a a t t t c g t g g a c g t
5-------------------------------------------------------------------------------


c c g c c t c t c a t a t g t a g t g t g a a t t c



g g c g g a g a g t a t a c a t c a c a c t t a a g

---------------------------------------------------------------------------------

Student Sheet - Teacher Key
What are the differences between a plasmid and a chromosome?

    A plasmid is a circle of DNA that comes from bacterial cells.  Many of them contain genes for antibiotic resistance.  
Chromosomal DNA is linear DNA.    (Human DNA contains both introns and exons whereas plasmid DNA does not contain introns.)  Scientists use plasmids as cloning vectors to transfer a human gene into bacterial cells for cloning and production of a desired protein. 

What would a scientist need to do before he or she could remove a gene from a chromosome?

    The scientist must know the sequence of the gene.
Which restriction enzyme(s) would you use to cut out the p53 gene?  Why?

The restriction enzyme the students should choose is Nde I

    They should choose this one because it will cut the p53 gene out of chromosome 17 without cutting up the gene (no restriction cutting sites within this gene for Nde I.)    
What other information might you need before making your final choice?  

Hint:  Your goal is to put the p53 gene into the plasmid.

The molecular biologist must know the nitrogenous base sequence of the p53 gene to be sure the enzyme does not cut into the gene and the plasmid must contain only one restriction cutting site allowing it to be opened up in one place to allow the p53 gene to be ligated forming the recombinant DNA.

What happens to the plasmid when you cut it?  How many pieces of DNA do you have?  What happens to chromosome 17?  How many pieces do you get?

    When the plasmid is cut, since it is circular and there is only one restriction site, it will result in one linear piece of DNA.

When Chromosome 17 is cut, it will result in the uninterrupted gene and two end pieces, resulting in 3 pieces of DNA.
Compare the ends of the plasmid DNA with the ends of the isolated p53 gene.  What do you notice?

They should all have the same “sticky ends”.

What is the role of the plasmid?

The plasmid acts as a cloning vector, a piece of DNA that can carry the human gene for p53 into a bacterial cell.  

What is the role of the gene?

The gene codes for the amino acid sequence in the protein p53.

Do you think that the direction of the gene might be important?  Why or why not?

Yes   Since DNA is like a recipe of triplet bases in a particular order that dictate the order of the amino acids in the protein; it is important for it to be inserted in a particular direction. 
Recombinant DNA Technology

Additional Questions for Research or Thought – Students Sheet
Name:_______________________________________Class Period:________________

1 .  How does a molecular biologist manipulate the human gene to take care of the problem with introns?

______________________________________________________________________________________
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
2. What other combinations of DNA could result after treating the cut plasmid DNA and p53 gene with ligase?

___________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
3. Will bacteria transform with all of the above possible combinations of DNA?

____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
Additional Questions for research or thought – Teacher Key
1 .  How does a molecular biologist manipulate the human gene to take care of the problem with introns?

cDNA is used.  This is complimentary DNA made to the mRNA transcribed off of the human gene.  This DNA would not contain introns and therefore could be used in a bacterial cell for protein synthesis.

2. What other combinations of DNA could result after treating the cut plasmid DNA and p53 gene with ligase?

P53 genes could link together linearly without a plasmid.   

Cut plasmids could link together in a linear strand.

 More than one p53 gene could be recombined in the plasmid.  

The plasmid could reconnect its own sticky ends without taking up the p53 gene. (not recombinant DNA)

3. Will bacteria transform with all of the above possible combinations of DNA?

No, bacteria will only transform with circular DNA since that is what their cells contain.

No linear DNA will be taken in.   Bacterial cells must then be selected for using a technique that differentiates the transformed non-transgenic cells from the transgenic ones.     Antibiotics in the growing media can be used for this process. 
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