MODULE 2
Objective 2.1  Lesson D





       Recombinant Organisms
(GFP pre-Lab Activity)
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Course Advanced Biotechnology
Unit 
DNA Technology
Essential Question How do scientists
introduce new genes into organisms to create new traits? How are recombinant plasmids made?


Rationale
Recombinant DNA has been gaining in importance over the last few years, and recombinant DNA will only become more important in the 21st century as genetic diseases become more prevalent and agricultural area is reduced. 
Below are some of the areas where recombinants are being used or studied:
· Recombinant Crops (drought & heat resistance)

· Recombinant Vaccines (Hepatitis B)

· Prevention and cure of sickle cell anemia

· Prevention and cure of cystic fibrosis

· Production of clotting factors

· Production of insulin

· Production of recombinant pharmaceuticals

· Plants that produce their own insecticides 
· Germ line and somatic gene therapy

TEKS
130.364 2H, 2J,
6G, 6I, 7A, 7B
TAKS
Science 2A, 6A

Prior Student
Learning
DNA structure and function, restriction enzymes
Estimated Time
1 hour

Objectives

Students will:

· Understand the techniques used in recombinant DNA technology. 

· Understand how bacteria are used to produce insulin for persons with disabilities.
· Determine which restriction enzyme to use to cut DNA.
· Determine how to use antibiotics to simplify recombinant techniques.
Engage
· Ask students if they know someone who is affected by diabetes. Chances are it will be a large percentage of the class.  Ask students if they know what causes diabetes and how it is treated. Most will have heard of insulin and know that some have to inject insulin to help control the disease, but where does that insulin come from?
· Go to Discovery Educations YouTube Channel at: http://www.youtube.com/user/Discovereducation?feature=watch and search for the video segment titled “Playing God”. 
· Show a video clip (appropriate segment begins at 25 minutes) from the series DNA: Playing God, which gives an overview of how insulin was originally harvested from cows and how scientists were able to genetically engineer bacteria to grow insulin in large quantities. The video explains how the gene from insulin was identified, cut, and placed inside of a bacteria plasmid. This is was the first time DNA was successfully transferred from one organism and inserted into another.  In this lab, students will model the process using paper.
· There are other videos that tell the complete story of insulin’s history. If time permits, these videos offer a unique perspective on the history of biotechnology.
· Novo’s Story of Insulin: 

· Part I.
· Part II
· Part III
is a re-enactment 
Key Points
Refer to Power Point for Module 2 Objective 2.1: Recombinant DNA Technology
Activity:
1. Students complete 
a. WebQuest: Creating a Recombinant: Students will gather information about the history of recombinants, how they were first created and the role of insulin in technology history.

b. WebQuest: Biotechnology Techniques: This activity may be used later into the course.  It provides students with a basic overview of the tools biotechnologist use to alter and analyze genetic material, including recombinant technology and the use of antibiotics in detecting clones which are both addressed in the activity “Creating Insulin”. 

Si


2. Students complete paper modeling activity “Creating Insulin”.
a. Practice this activity yourself before class. A sample product is shown below. 

b. Display the “Plasmid DNA Key” to students to color code their own DNA sequence.

· You could also write the sequence of each gene on the board and have students find the genes for themselves. This requires a lot of patience.

c. Things to emphasize with students:

· The PLASMID DNA strips can be in any order, but it needs to be a circle. This is the bacterial plasmid.
· The CELL DNA strips need to be in order (match the numbers) and should be one long strip. This is the human DNA. 
· They will need to match the bases of the restriction enzymes with the same base sequences on the PLASMID and CELL DNA strips. Whenever they find a matching sequence, they need to draw the cut points on the strips and label them.
· The goal is to cut the plasmid in only ONE place and to cut the DNA sequence in two places (once on either side of the gene). More than one enzyme may work, but they want the one that will cut as close as possible to the gene.
· Sometimes students lose context of what exactly they are doing.  Good checks for understanding can be done by walking up to them and asking what each color represents and why they are doing each step.  Usually this helps them self-discover the context.

Extension
Have students identify the parts and functions of pGlo plasmid. This will provide for a nice introduction to the pGlo transformation lab. (Website reference: http://www.zampbioworld.org/material/bioch_lab/bc043_a.php )


Assessment

· Students complete activity questions.
· Product Assessment: Students will have successfully completed the assignment if they have a taped circle of PLASMID and CELL DNA strips.

· The plasmid was cut in only one place, the human gene was not cut in the shaded area, and the "sticky ends" match up correctly (only one restriction enzyme was used).

Materials

· WebQuest: “Creating a Recombinant”

· WebQuest: “Biotech Techniques”

· Handout: “Creating Insulin”
· Answer Sheet: “Creating Insulin”
· Plasmid DNA sequence-key

· Cell DNA sequence-key
· Plasmid DNA sequence-blank

· Cell DNA sequence-blank
Accommodations for Learning Difference National and State Education 
· Visit the Special Populations section of the CTE Career and Technical Education Website: http://cte.unt.edu/special-pops.
Standards College and Career Readiness Standards
Texas College and Career Readiness Standards
Nature of Science: Scientific Ways of Learning and Thinking

A2, A3, C1, E1, E2
III. Foundation Skills: Scientific Applications of Communication          
B1, B3
IV. Science, Technology, and Society

E1
WebQuest: Creating a Recombinant


Name :_____________________

Go to DNAi (www.dnai.org) > Manipulation. Focus on the modules Revolution and Production, found at the bottom of the page. Work through the problem, players, pieces of the puzzle and putting it together sections of these modules. Answer on a separate sheet of paper.

1. What is recombinant DNA?

2. Explain how recombinant DNA technology can be useful in medicine.

3. What three basic mechanisms did scientists need to know how to perform in order to manipulate DNA sequences? In addition, state which biological structures are responsible for performing each mechanism. 

4. What was the issue with using degradative enzymes to cut the DNA?

5. What was unique about a new class of enzymes that James Watson describes?

6. What was the process Paul Berg described was the critical step to separate a mixture of DNA fragments?

7. The crucial enzyme used to cut DNA creates ________ ends in the DNA.

8. How are plasmids beneficial in cloning DNA? 

9. Why was Bob Pollock concerned about Janet Mertz’s discovery? 

10. _________ consist of bacterial genes that code for resistance to antibiotics.

11. What was the original purpose of the moratorium letter? 

12. How is the manipulation of genetic material similar to a telescope?

13. _________ is a protein which regulates body sugars and is lacking in patients who have __________.

14. What are the pros and cons of using cow and/or pig insulin in humans? What did biotech companies such as Genentech seek to solve this problem?

15. Compare and contrast the approaches from the Gilbert group and Genentech.

16. What is DNA transformation?

17. How did the Gilbert group identify that they had created rat insulin?

18. The P4 facility must have all separate __________ to achieve the greatest containment and quarantine. 

WebQuest: Biotech Techniques
         




Name :______________________

Go to DNAi (www.dnai.org) > Manipulation. Focus on the module Techniques. Work through cutting & pasting, transferring & storing, etc. at the top of the page.

1. ____________   ____________ are used to cut DNA at specific sequences while _________   _________ is used to “paste” DNA by joining complementary ends of DNA fragments.

2. What does it mean for the ends of a foreign DNA fragment to be complementary to the ends of a cut plasmid?

3. What are the steps that must occur for a plasmid to be considered a “recombinant” plasmid?

4. Why did the plasmid solve the problem that Herbert Boyer’s definition of restriction caused for transferring DNA from one organism to another?

5. Why can’t small loops of DNA naturally enter the adhesion zones of bacteria when size is not a factor?

6. How does the calcium chloride method solve the problem mentioned in the previous question? How does temperature change complement the use of calcium chloride? 

7. __________ became the workhorses of the public Human Genome Project.

8. Name the five different vectors that are used as “DNA libraries” and arrange them by the amount of inserted DNA base pairs they can carry from smallest to largest.

9. ___________________ is a type of bacteria that has natural genetic engineering capabilities and is found in _______ almost everywhere in the world. 

10. Robert Horsch describes how Agrobacterium tumefaciens transfers a segment of DNA with genes that do two things. What are these two things and why are they important for the life of the bacteria? 

11. A _______   ______ was the major alternative to the use of agrobacterium for transferring DNA to living plant cells. 

12. DNA sequences are built up on GeneChips® through the addition of nucleotides to specific sites on the chip. A _______ is used so that only some specific sites are exposed to ____ light. This type of light frees the nucleotide from the protecting group so that an additional nucleotide maybe added to the sequence.  When a ________ probe is added to the GeneChip®, tens of thousands of different sequences can be screened at the same time. The DNA sequences that match the specific probe can be matched with available DNA sequences in gene ____________. 
13. DNA arrays allowed Pat Brown to perform large-scale ______________ studies, which proved helpful in identifying two subtypes of diffuse large B-cell lymphoma (DLBCL).

14. ___________________ is a type of tailored treatment for patients who were diagnosed with the help of DNA arrays. 

15. _____    _________________ is the process used to separate DNA fragments by size and a _____ is used to visually track DNA migration during this process.

16. Referring to the process mentioned above, explain what causes DNA fragments to migrate in a certain direction and why size matters in the migration of DNA fragments. 

17. Why did the addition of a dideoxynucleotide (didNTP) halt elongation of a DNA fragment for the DNA sequencing method created by Fred Sanger?

18. During electrophoresis, DNA fragments of the ___________ size will migrate to the same place and “band” in the gel. 

19. Name the four basic components that you need to sequence DNA and describe how temperature is used to manipulate these components for DNA sequencing.

20. ________________  _____________  _____________ allows researchers to bypass the need to use bacteria for amplifying DNA. 

21. ____ cycles of PCR are needed to begin making target copies, or DNA fragments of the desired length.

22. In PCR, the primers are designed to bracket the DNA region to be amplified. What does this mean?

23. What are model organisms and how does evolution explain why model organisms are useful in understanding the human body?

24. Why would the sea squirt be a potential model organism? 

Activity: Creating Insulin



Name :_____________________
Goal: To produce insulin using a bacterial cell
Your task will be to find an enzyme that cuts the plasmid once (and only once) and the cell DNA as close as possible on both ends of the insulin gene so that the insulin code can be fused into the circle of the plasmid DNA.
To accomplish this you will need to:
1. Determine which restriction enzyme to use to cut your DNA strand.
2. Determine which antibiotic you would use to determine if your finalized recombined DNA was absorbed by the bacteria or not.
Instructions
Part A: Prepping the DNA
1. Refer to your notes on restriction enzymes and recombinants to help you complete this exercise.
2. Obtain scissors and a roll of tape.
3. Obtain your Plasmid DNA sequence. Notice there are 6 separate sequences numbered 1-6. 
4. Color code your plasmid DNA to identify the origin of replication and antibiotic resistance genes. Mark in pencil the name of the gene on your plasmid. Your teacher should display a color coded plasmid. 
5. Cut out the PLASMID as strips. You should end up with 6 strips. Discard ANY TWO of the strips (except for the strip which contains the “origin of replication” site. Shuffle the strips and tape the end of one to the end of another in any random fashion (as long as the letters are going in the same direction). After you have taped the four strips into one long strip, tape the two remaining ends together, to form one long circular paper plasmid. Save extra plasmid pieces until you have successfully completed the exercise.
6. As one partner works on step 5, the other person should obtain the CELL DNA. 
7. Color code the insulin gene yellow on the CELL DNA.  Mark in pencil the name of the gene on your plasmid. Your teacher should display a color coded CELL DNA. 
8. Cut out the CELL DNA strips. They must be taped together in order indicated to the right of each strip. That is, strip 2 is taped to the right of strip 1, strip 3 is taped to the right of strip two, etc. Note where the gene for insulin (the protein gene) is located.
9. After completing steps 4 and 5, use the PLASMID MAP on the answer sheets to map the relative locations of the DNA code for each of the antibiotic resistances. Use a pencil to mark in the positions of the genes for antibiotic resistance that your plasmid contains. Label each.
Part B: Cutting the DNA
1. Determine the restriction sequence for each enzyme listed in table 1 on your answer document by going to http://rebase.neb.com/rebase/rebase.html. Enter the enzyme name in the “Go directly to enzyme field”. For example, for enzyme AvaII, you will retrieve the sequence below. The arrows indicate where the enzyme will cut to create sticky ends. A W indicates that any nucleotide (ATGorC) can be in that position. Complete Table 1 NOW!
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2. As one member is recording the sequences, the other group member should be looking for these sequences within that cut your PLASMID DNA ONE TIME! Read below before you start looking through all of those letters.
3. Your job as a biochemist is to find a restriction enzyme that will
· Cut open your PLASMID at ONE site only (this may or may not be possible depending upon how you constructed your plasmid). 
· The same enzyme should be able to cut your cell DNA at TWO SITES, one above and one below the gene for insulin. It is very important that you find an enzyme cuts as close to the insulin gene as possible. The cells have genes for other unnecessary proteins that need to be cut off leaving “sticky” ends.
4. You and your partner have 8 restriction enzymes to choose from. Some of the enzymes cannot cut open your plasmid, some can. Some of the enzymes cannot cut your cell DNA at two sites, some can. If they don’t meet your needs they are not usable.
5. Continue this procedure until all 8 enzymes have been tried. Each group’s results will be different because they different plasmid sequences. If you have no enzymes that will cut your plasmid only once, then reconstruct your plasmid.
6. Once you have selected those enzymes that cut the plasmid ONCE, start checking these enzymes against the CELL DNA strand. REMEMBER, THE GOAL IS TO FIND AN ENZYME THAT WILL MAKE A CUT CLOSE TO THE GENE FOR INSULIN, ONE ABOVE AND ONE BELOW. It is essential that the enzyme not cut into the insulin gene on the DNA. Mark directly on the DNA strip where the enzymes will cut. Draw the line accurately showing exactly where the bases will be cut apart (and leave the “sticky” ends). Write the name of the enzymes next to each line you draw.
7. After you have completed testing the enzymes, select which ONE enzyme you would use to cut the plasmid and the cell DNA. Use scissors to make the cut in your plasmid and the cell DNA. Be careful to make the cuts in the staggered fashion made by the actual enzyme. This will expose the “sticky” ends where joining will be possible. (since one enzyme was used, all “sticky” ends will be compatible). Use tape to splice your insulin gene into the plasmid chain. You have created RECOMBINANT DNA!!!
8. Fill in the rest of the appropriate spaces in the table on answer sheet. Give exact reasons why you did not use certain enzymes and the reason why you chose the one enzyme you did.

Answer Sheet: Creating Insulin






Name:_____________________

Table 1: Restriction Sites

	Enzyme Name 
	Restriction Sequence with arrows

	AvaII
	

	HindIII
	

	BamHI
	

	BgIII
	

	HpaII
	

	EcoRI
	

	SacI
	

	XmaI
	


Table 2: Plasmid Data
	Name of Restriction Enzyme
	No. of Cuts on:
	USED (ONE) (X)
	NOT USED
(X)
	Exact Reason For Use or Non-use

	
	Plasmid
	DNA
	
	
	

	Ava II
	
	
	
	
	

	BamHI
	
	
	
	
	

	Bgl II
	
	
	
	
	

	EcoRI
	
	
	
	
	

	Hindi
	
	
	
	
	

	Hap II
	
	
	
	
	

	Sac I
	
	
	
	
	

	Exam I
	
	
	
	
	


 Questions

1. Which of the antibiotic resistances does your plasmid contain?
2.
Which antibiotic(s) could you use in your growth medium to test for plasmid uptake?
3.
Which antibiotics(s) could NOT be used in your growth medium to test for plasmid uptake? Explain.
Plasmid Map
Use this map to show:
1.
The relative positions of the genes for antibiotic resistance.
2.
The approximate location(s) of the cuts that could be made on the plasmid by the 8 restriction enzymes.



Cell DNA sequence 









ACCCGGATCCGTGTCCCGGGCCTCTAAGAATTCAGTTCGTCC
  1

      TGGGCCTAGGCACAGGGCCCGGAGATTCTTAAGTCAAGCAGG
Cell DNA sequence


AAGCTTCCATGTATTGCAGAGAAGCAGTACACGGAAAATTTA
  2

   TTCGAAGGTACATAACGTCTCTTCGTCATGTGCCTTTTAAAT

Cell DNA sequence


CATTATAAGGAGGAATTCTTAAAGCTTGCCCCGGGATCCTGG
  3

      GTAATATTCCTCCTTAAGAATTTCGAACGGGGCCCTAGGACC

Cell DNA sequence-KEY 









ACCCGGATCCGTGTCCCGGGCCTCTAAGAATTCAGTTCGTCC
  1

      TGGGCCTAGGCACAGGGCCCGGAGATTCTTAAGTCAAGCAGG
Cell DNA sequence

AAGCTTCCATGTATTGCAGAGAAGCAGTACACGGAAAATTTA
  2

   TTCGAAGGTACATAACGTCTCTTCGTCATGTGCCTTTTAAAT
Cell DNA sequence


CATTATAAGGAGGAATTCTTAAAGCTTGCCCCGGGATCCTGG
  3

      GTAATATTCCTCCTTAAGAATTTCGAACGGGGCCCTAGGACC

Plasmid DNA sequence-1 









CGGGTCTCAAAGAATTCCAGA


      GCCCAGAGTTTCTTAAGGTCT

Plasmid DNA sequence-2

TCTTTTACACACAGGTCATCC


   AGAAAATGTGTGTCCAGTAGG

Plasmid DNA sequence-3


ATCCGGGGGAAAAATCCCTGA


      TAGGCCCCCTTTTTAGGGACT


[image: image13.emf]Plasmid DNA sequence - 4     GCTCAATTGGATCCTCCCGGG          CGAGTTAACCTAGGAGGGCCC     Plasmid DNA sequence - 5     ACCACCCCCGTTCCAATATGA      TGGTGGGGGCAAGGTTATACT     Plasmid DNA sequence - 6     ATTCGGCATCCAAGCTTGAGG       TAAGCCGTAGGTTCGAACTCC  


Plasmid DNA Sequence KEY: Display this document to the students to use as a key for color coding their plasmid DNA

Plasmid DNA sequence-1 









CGGGTCTCAAAGAATTCCAGA


      GCCCAGAGTTTCTTAAGGTCT

Plasmid DNA sequence-2

TCTTTTACACACAGGTCATCC


   AGAAAATGTGTGTCCAGTAGG

Plasmid DNA sequence-3

ATCCGGGGGAAAAATCCCTGA


      TAGGCCCCCTTTTTAGGGACT


[image: image14.emf]Plasmid DNA sequence - 4     GCTCAAT TGGATCCTC CCGGG          CGAGTTA ACCTAGGAG GGCCC     Plasmid DNA sequence - 5     ACCAC CCCC GTTCCAATATGA      TGGTG GGGG CAAGGTTATACT     Plasmid DNA sequence - 6     ATTCGGCATCCAAGCTTGAGG       TAAGCCGTAGGTTCGAACTCC  
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The insulin gene is colored YELLOW
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Plasmid DNA sequence-4



GCTCAATTGGATCCTCCCGGG	      CGAGTTAACCTAGGAGGGCCC



Plasmid DNA sequence-5



ACCACCCCCGTTCCAATATGA	  TGGTGGGGGCAAGGTTATACT



Plasmid DNA sequence-6



ATTCGGCATCCAAGCTTGAGG	   TAAGCCGTAGGTTCGAACTCC


Plasmid DNA sequence-4



GCTCAATTGGATCCTCCCGGG	      CGAGTTAACCTAGGAGGGCCC



Plasmid DNA sequence-5



ACCACCCCCGTTCCAATATGA	  TGGTGGGGGCAAGGTTATACT



Plasmid DNA sequence-6



ATTCGGCATCCAAGCTTGAGG	   TAAGCCGTAGGTTCGAACTCC


