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Course Advanced Biotechnology
Unit DNA Technology
Essential
Question
How is foreign DNA genes taken up by organisms and expressed?
TEKS
130.364 1A-K,
2E-J, 7A, 7B,
7F, 7G, 9A, 9C,
9F, 10A,
10B,11A, 11B
TAKS
Science 1A, 2A,
2B, 2C, 2D, 6A
Prior Student Learning Recombinant DNA, bacterial structure, protein expression
Estimated time
4 days

Rationale
Is it possible to manipulate bacteria to become protein production factories? Can diabetics control blood glucose with insulin produced by bacteria? How cool would it be to take advantage of these microorganism's sophisticated makeup, short
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doubling times and cheap growth media to mass produce medically and commercially useful proteins? All of these are possible with a few simple genetic manipulations.

Objectives
Student will be able to:
1.  Practice formulating hypotheses, predictions, and experimental design.
2.  Describe the principles of bacterial transformation.

3.  Explain the procedure for gene transfer using plasmid vectors.

4.  Induce the transfer of the pGLO gene (in a plasmid) into E. coli.

5.  Describe the traits carried by the pGLO gene.

6.  Describe how to activate (“turn on”) the pGLO gene.
7.  Describe how to recognize the transformed cells (from this lab).

8.  Perform a bacterial transformation.
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The science behind it

In the laboratory, the gene for human insulin (a protein found in the pancreas) is inserted into yeast
or bacteria, from which large quantities of the human insulin molecule are then manufactured.

Insulin requlates the use and storage of nutrients (food), particularly carbohydrates. Human insulin

Characteristics results in fewer immune rejections and side effects than does porcine (pig) insulin modified for use
in humans.

Uses To treat diabetes.

Product: Recombinant Bovine Growth Hormone (rBGH)

The science behind it

rBGH is a genetically engineered version of a hormone (bovine somatotropin, or bST), which is
found in the pituitary gland of cows and controls milk production.

Characteristics

1BGH can increase cows' milk production by as much as 20-30%.

Uses

To farm and to make dairy products.

Product: Spider silk

The science behind it

One method involves inserting a gene from an orb-weaving spider into a fertilized goat egg. The
resultant “spider-goats” produces milk that can be manufactured into strong fibers.

Characteristics

Elastic, lightweight fiber five times stronger than steel.

Uses

To make flak jackets, rope, textiles, sutures, artificial tendons, bandages for burn victims.




9.  Determine the degree of success in your efforts to genetically alter an organism.
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KEY POINTS
•
Dolan Center Information and Expected Results:

http://labcenter.dnalc.org/labs/transformation/transformation_h.html
•
See Biotechnology Explorer pGLO Bacterial Transformation Kit Manual
o
PAGE1: Introduction to Transformation and the pGLO system
o
PAGE 49-60: Appendix

•
VIDEOS on Lab Procedure and expected results:

o
PART 1:  http://www.youtube.com/watch?v=Jyfi5e2JoYc
o
PART 2:  http://www.youtube.com/watch?v=7zJ-
Xe9rZh8&feature=related
Engage
1.  Hand out one of the Recombinant Products listed below
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2.  Have the students research how their product was created and generate a model to present to class
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The science behind it

Genes for making beta-carotene are taken from daffodils and inserted into the genome of a strain
of rice.

Characteristics

Contains beta-carotene, which forms vitamin A.

Uses

To protect undernourished people from blindness caused by a lack of vitamin A.

Product: Edible vaccine

The science behind it

Specific antigen genes are inserted into cells taken from plants such as tomatoes and potatoes; the
genetically enhanced cells are then grown into new plants that express the antigen genes and can
be used as vaccines.

Characteristics

(an be administered without needles; do not need refrigeration for storage or transportation; can
be grown in countries without manufacturing facilities.

Uses

To treat Norwalk virus (which causes severe diarrhea); potential uses include treatment of measles,
Hepatitis B and malaria.

Product: Bt crops

The science behind it

Bacillus thuringiensis (Bt) is a bacterium that s toxic to some insects. In the laboratory, the gene
that produces Bt's toxic effect is inserted into the DNA of plants such as corn, cotton, and potatoes.

Characteristics

Bt crops produce an insecticide protein thousands of times more powerful than the chemical
insecticides normally sprayed on crops.

Uses

Prevention of crop destruction by harmful insects.
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Activity
1.  Pre-Lab Set Up: Have students set up the lab stations, materials and equipment the day before for a lab grade. Instructor’s Advance Preparation begins on page 7 of Biotechnology Explorer pGLO Bacterial Transformation Kit. Below are sample lab group assignments to perform:

a.  Set up Student Workstation found (page 7)

b.  Set up Instructor’s Workstation found (page 7)
c.  Prepare Agar Plates(Page 9-11)
d.  Label Agar Plates (page 10)
e.  Aliquot Transformation solution (page 13)
f.
Prepare Starter Plates (page 12)

2.  There are two approaches that can be used for this lab.
a.  Experimental Design Approach resulting in a Formal Lab Report. b.  Descriptive Approach resulting in completion of questions found in

Biotechnology Explorer pGLO Bacterial Transformation Kit.

Materials
•
Handout: Bacterial Transformation with pGLO

•
Handout: Transformation Quick Guide
•
Handout: Transformation Efficiency

•
Handout: Formal Lab Report Guidelines
•
Biotechnology Explorer pGLO Bacterial Transformation Kit Teacher Manual

(Includes student worksheets, answer keys and preparation of materials)

Accommodations for Learning Difference National and State Education Standards College and Career Readiness Standards
I.
A4, B1, C1, C2, C3, D3, E1, E2,
II.  A1, A2, A5, A6, A7, B1, B2, F1, F2, F3

III. B1, B2, B3, C1

VI. A1, D3
[image: image10.png]


Name: 
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Bacterial Transformation with pGLO
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OBJECTIVES:
ο 
Practice formulating hypotheses, predictions, and experimental design.

ο 
Describe the principles of bacterial transformation.

ο 
Explain the procedure for gene transfer using plasmid vectors. ο 
Induce the transfer of the pGLO gene (in a plasmid) into E. coli. ο 
Describe the traits carried by the pGLO gene.

ο 
Describe how to activate (“turn on”) the pGLO gene.

ο 
Describe how to recognize the transformed cells (from this lab).

ο 
Know the terms used in this lab including transformation (in this case transformation does NOT mean the conversion of a normal cell to a cancerous one), vector, plasmid, fluorescence, antibiotic resistance, E. coli.
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ο 
Answer the questions posed in this lab.

PRELAB: Record information for pre-lab quiz
ο 
Read about the control of gene expression on pages  
 and about transformation on page  
 of the textbook.

ο 
Read this lab

ο 
Define the following terms: transformation, vector, plasmid,
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fluorescence, antibiotic resistance, E. coli
INTRODUCTION:
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In this lab you will perform a procedure known as a genetic transformation. Remember that a gene is a piece of DNA that provides the instructions for making (coding   for)   a   protein   that   gives   an   organism   a   particular   trait.
Genetic transformation literally means change caused by genes and it involves the insertion of a gene(s) into an organism in order to change the organism's trait(s).
Genetic transformation is used in many areas of biotechnology.  In agriculture, genes coding for traits such as frost, pest, or spoilage resistance can be genetically transformed into plants.
In  bio-remediation,  bacteria  can  be  genetically  transformed  with  genes enabling them to digest oil spills.  In medicine, diseases caused

by defective genes are beginning to be treated by gene therapy; that is, by genetically transforming a sick person's cells with healthy copies of the gene involved in their disease.

You will use a procedure to transform bacteria with a gene that codes for a Green Fluorescent Protein (GFP).
The

real-life source of this gene is the bioluminescent jellyfish Aequorea victoria. The gene codes for a Green Fluorescent Protein that causes the jellyfish to fluoresce and glow in  the  dark.
Following  the  transformation  procedure,  the  bacteria  express  their newly acquired jellyfish gene and produce the fluorescent protein that causes them to glow a brilliant green color under ultraviolet light.

In this activity, you will learn about the process of moving genes from one organism to another with the aid of a plasmid.  In addition to one large chromosome, bacteria naturally contain one or more small circular pieces of DNA called plasmids. Plasmid DNA usually contains genes for one or more traits that may be beneficial to bacterial survival.   In nature, bacteria can transfer plasmids back and forth, which creates the opportunity for them to share these beneficial genes.
(Note that the bacteria  don’t  know  that  they  are  picking  up  beneficial  genes.)

This  natural mechanism allows bacteria to adapt to new environments.  The recent occurrence of bacterial resistance to antibiotics is due to the transmission of plasmids.

The  unique  plasmid  we  use  encodes  the  gene  for  the  Green  Fluorescent Protein (GFP) and a gene for resistance to the antibiotic, ampicillin.  The plasmid also incorporates  a  special  gene  regulation  system,  which  is  used  to  control expression of the fluorescent protein in transformed cells.   The gene for the Green Fluorescent Protein can be switched on in transformed cells by adding the sugar arabinose (ara) to the cells’ nutrient medium.
Selection for cells that have been transformed with the plasmid DNA is accomplished by growth on antibiotic plates. Transformed cells will appear white (wild type phenotype) on plates not containing arabinose, and fluorescent green under UV light when arabinose is included in the nutrient agar.

You will be provided with the tools and a protocol for performing genetic transformation in Escherichia coli.  This transformation procedure involves three main steps.  These steps are intended to introduce the plasmid DNA into the E. coli cells and provide an environment for the cells to express their newly acquired genes. Many species of bacteria have special membrane proteins for the uptake of DNA from  the  external  environment.
E.  coli  does  not  appear  to  have  these  types  of membrane proteins; however, placing E. coli in a relatively high concentration of calcium ions and performing a procedure called “heat shock” will stimulate these cells to take up pieces of foreign DNA.

To move the plasmid DNA through the cell membrane you will:
1.
Use a transformation solution of CaCl2 (calcium chloride)
2.
Carry out a procedure referred to as heat shock
For transformed cells to grow in the presence of ampicillin you must:
1.
Provide them with nutrients and a short incubation period to begin expressing
their newly acquired genes. This is known as the recovery period.
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Read the lab exercise and follow the directions carefully.  You will do this lab in lab groups of 3-4 students.  Completion of this part of the lab will take 2 lab periods (or 1 lab and 1 class).  In the second lab period you will analyze your results.
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PART I : BACTERIAL TRANSFORMATION ;.
Exercise A: Introduction to Sterile Technique (in lab session)
You will practice using sterile technique, as instructed at the beginning of lab
session,  before  you  do  the  experiment.
When  culturing  bacteria,  you  must  not
introduce other, contaminating bacteria into your culture.  Potentially contaminating bacteria are ubiquitous; they are found everywhere (including on the bench top and on your hands).  It is especially important to keep the inoculation loops, the pipette tips, and the surfaces of the agar plates must not touch or be touched by any contaminating surface.

Exercise B: Bacterial Transformation (in lab session)
MATERIALS & PROCEDURES

1.   Follow the procedures in the “Transformation Kit-Quick Guide” provided in lab.

2.  The plates will be incubated for 24-48 hours, and then placed in a refrigerator to
slow the growth of the bacteria.  You will than observe the plates in the next lab period to collect your data.

3.  Complete your lab report (see next page):

•
formulate a hypothesis on which this investigation is based, of how E. coli
cells can be transformed by the pGLO plasmid,
•
formulate the predictions, and

•
explain the experimental design.

LAB 9: TO TURN IN
Answer the questions and fill in the table in the space provided below.  Complete the Hypothesis, Predictions, and Experimental Design sections during the first lab period.  The Results section will be completed after we analyze the data next week.

Hypothesis
Formulate a hypothesis on which this investigation is based, of how E. coli cells can be transformed by the pGLO plasmid.

Predictions
Prepare and complete the table below to indicate what you predict will happen on each of the four agar plates.  (Will E. coli grow on these plates?  Will the E. coli have any special properties compared to wild type?)

NOTE:  LB is the nutrient mixture that is added to the plate agar to feed the bacteria.

Experimental design
Explain the experimental design:

1.  What is/are the independent variable(s) in this experiment?
2.  What is/are the dependent variable(s)?

3.  Which plates will serve as control plates?  Do you expect cells to grow on these plates?  Why or why not?  What is the purpose of these controls?

4.  Define plasmid.

PART II : ANALYZING THE RESULTS
Results
1.   In the table below, fill in your observations after examining your plates under both normal and UV light.

2.  Was your genetic transformation successful?  How do you know?

3.  Are your results consistent with the predictions you made in the table on the previous page?  If not, why?

4.  Consider the following two pairs of plates.  What do the results obtained from these plates tell you about your experiment?

a.   -DNA LB and -DNA LB/amp

b.  +DNA LB/amp and -DNA LB/amp

5.  After examining your results, would you revise your hypothesis?  If so, restate your hypothesis below.

Transformation Kit—Quick Guide
1.  Label one closed micro test tube
+pGLO and another -pGLO. Label both tubes with your group’s name. Place them in the foam tube rack.
250 µl
2.  Open the tubes and using a sterile transfer pipet, transfer 250 µl of transformation solution (CaC12).
3. Place the tubes on ice.


Transformation solution
4.  Use a sterile loop to pick up a single colony of bacteria from your starter plate. Pick up the + pGLO tube and immerse the loop into the transformation solution at the bottom of the tube. Spin the loop between your index finger and thumb until the entire colony is dispersed in the transformation solution (with no floating chunks). Place the tube
back in the tube rack in the ice. Using a new sterile loop, repeat for the - pGLO tube.

Ice


- pGLO
5.  Examine the pGLO plasmid DNA solution with the UV lamp. Note your observations. Immerse a new sterile loop into the plasmid DNA stock tube. Withdraw a loopful. There should be a film of plasmid solution across the ring. This is similar to seeing a soapy film across a ring for blowing soap bubbles.
Mix the loopful into the cell suspension of the + pGLO tube. Close the tube and return it to the rack on ice. Also close the - pGLO tube. Do not add plasmid DNA to the - pGLO tube. Why not?
6.  Incubate the tubes on ice for
10 minutes. Make sure to push the tubes all the way down in the rack so the bottom of the tubes stick out and make contact with the ice.



plasmid DNA
Rack


Ice



-pGLO
7. While the tubes are sitting on ice, label your four agar plates on the bottom (not the lid) as follows: Label one LB/amp plate: + pGLO; Label the LB/amp/ara plate:
+ pGLO; Label the other LB/amp plate: - pGLO; Label the LB plate:
- pGLO.
8.  Heat shock. Using the foam rack as a holder, transfer both the (+)
pGLO and (-) pGLO tubes into the water bath, set at 42 °C, for exactly
50 seconds. Make sure to push the tubes all the way down in the rack


pGLO


pGLO
m
Water bath


pGLO


pGLO
so the bottom of the tubes stick out and make contact with the warm water. When the 50 seconds are done, place both tubes back on ice. For the best transformation results, the change from the ice (0°C) to
42°C and then back to the ice must be rapid. Incubate tubes on ice for
2 minutes.
9. Remove the rack containing the tubes from the ice and place on the bench top. Open a tube and, using a new sterile pipet, add 250
µl of LB nutrient broth to the tube and reclose it. Repeat with a new sterile pipet for the other tube. Incubate the tubes for 10 minutes at room temperature.
10. Tap the closed tubes with your finger to mix. Using a new sterile pipet for each tube, pipet 100 µl of the transformation and control suspensions onto the appropriate plates.
11. Use a new sterile loop for each plate. Spread the suspensions evenly around the surface of the agar by quickly skating the flat surface of
a new sterile loop back and forth across the plate surface.
12. Stack up your plates and tape them together. Put your group name and class period on the bottom of the stack and place the stack upside down in the 37°C incubator until the next day.

Ice

42°C for 50 seconds
250 µl
LB-Broth
100 µl

Ice
pGLO TRANSFORMATION EFFICIENCY
The transformation efficiency is a quantitative number that shows the extent to which you genetically transformed E. coli cells in this experiment.  In many experiments, it is important to genetically transform as many cells as possible. For example, in some types of gene therapy, cells are collected from the patient, transformed in the lab, and then put back into the patient.  The more cells that are transformed to produce the needed protein, the more likely it is that the therapy will work.  A number called transformation efficiency is calculated to help scientists determine how well the transformation is working.
Transformation efficiency is a number that represents the total number of bacterial cells that express the green protein divided by the amount of DNA used in the experiment.  It tells us the total number of bacterial cells transformed by one microgram of DNA.  In formula terms this can be symbolized as:
Transformation efficiency = Total number of cells growing on the agar plate
Amount of DNA spread on the agar plate

So…you need two pieces of information:
A.  The total number of green fluorescent colonies growing on your LB/amp/ara plate.
B.  The total amount of DNA (pGLO) in the bacterial cells spread on the LB/amp/ara plate.
1.   Place your LB/amp/ara plate near a UV light source.  Each colony on the plate can be assumed to be derived from a single cell.  As individual cells reproduce, more and more cells are formed and develop into what is termed a colony.  The most direct way to determine the total number of green fluorescent cells is to count the colonies on the plate. 

2.  The total amount of DNA we began with is equal to the product of the concentration and the total volume used: DNA (ug) = (concentration of DNA) x (volume of DNA ul)

In this experiment you used 10 ug of pGLO at concentration 0.03 ug/ul.  This means that each microliter of solution contained 0.03 ug of pGLO DNA.  So now you can calculate the total amount of DNA used in this experiment.
3.  Since not all the DNA you added to the bacterial cells will be transformed to the agar plate, you need to find out what fraction of the DNA was actually spread onto the LB/amp/ara plate.  Divide the volume of DNA you spread on this plate by the total volume of liquid in the test tube containing the DNA.
Fraction of DNA used =  Volume spread on LB/amp/ara plate
Total sample volume in test tube

You spread 100ul of cells containing DNA from a test tube containing a total volume of 510ul of solution.  Calculate the Fraction of DNA you spread on the LB/amp/ara plate.
4.  So now you can calculate how many micrograms of DNA you spread on the LB/amp/ara plate.
You need to multiply the total amount of DNA used in the experiment by the fraction of DNA you spread on the

LB/amp/ara plate.
pGLO DNA spread (ug) = Total amount of DNA used (ug)  x  fraction of DNA

5.  Fill in the following table.  Decide which numbers you calculated belong in the table:
	Number of colonies on LB/amp/ara plate =
	

	Micrograms of pGLO DNA spread on the plates =
	


Now use the data in the table to calculate the efficiency of the pGLO transformation from the formula given at the beginning of this lesson.
Analysis

Transformation efficiency calculations result in very large numbers.  Scientists often use a mathematical shorthand referred to as scientific notation.  For example, if the calculated transformation efficiency is 1000 bacteria/ug of DNA they often report this number as

103 transformants/ug.  Suppose that an efficiency is calculated as 5000 bacteria/ug of DNA.  This would be reported as 5 x 103 transformants/ug.  If 2600 transformants/ug were calculated, then the scientific notation for this number would be 2.6 x 103 transformants/ug.
1.  Write the following transformation efficiencies in scientific notation:
a.  10,000 transformants/ug b.  40,000 transformants/ug c.  960,000 transformants/ug

d.  Write your own transformation efficiency in scientific notation.
2.  Biotechnologists are in general agreement that the transformation protocol that you have just completed generally has a transformation efficiency of between 8.0 x 102 and 7.0 x 103 transformants per microgram of DNA.  How does your transformation efficiency compare with the predicted amount?  How can you account for any differences?

3.  List the transformation efficiency for other groups in the class.  How does your transformation efficiency compare with theirs?

4.  Calculate the transformation efficiency of the following experiment using the information and the results listed below:
DNA plasmid concentration = 0.03 ug/ul

250 ul CaCl2 transformation buffer

10 ul plasmid solution

250 ul LB broth

100 ul cells spread on agar

227 colonies of transformants counted

Transformation Lab Report Requirements:
I.   Title of Experiment:

(Determine the lab’s independent & dependent variables, then generate an appropriate title!)(+2)

II. Introduction
•
Introductory paragraph describing key terms associated with experiment: plasmid, transformation, competent (+3)

III. Hypothesis
(5 pts total)
•
Formulate and make predictions(+2)

•
Discuss your experimental design (+3)

III.  Methods/Procedure:
(15 pts total)
•
Briefly describe/summarize experimental procedure and include the following information: (+5)

o Explain importance/role of –pGLO tubes in experimental design
o Explain importance/role of CaCl2 in experimental method
o Explain importance of and parameters for successful heat shock
•
For each plate, identify purpose/role in experimental design and provide an hypothesis for expected results:   -pGLO: LB plate,   -pGLO: LB/amp,   +pGLO: LB/amp,   +pGLO: LB/amp/ara (+8)

•
Explain how transformation efficiency is calculated (+2)

III.  Results:
All data tables must have a title AND all columns must be labeled at the top  (20 pts total)
•
Table 1: Observations (quantitative and qualitative) for E. coli starter plate (+5)

•
Table 2: Transformation experiment results (+10) Do NOT use the pre-lab table you were given!
•
Transformation efficiency calculation for your group’s results for +pGLO/amp plate: (+5)

o
Present calculations in logical, step-by-step manner.
o
Explain what you are calculating in each step.
o
Include  units for all numbers within calculations & units for final answer!
IV.  Conclusion 
(10 pts total)
•
Was your transformation experiment successful? How do you know? (+5)

•
Are your results consistent with the predicted results? If not, why? (+2)

•
Would you revise your hypothesis? (+3)
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