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Overview of the TYP Biotechnology Lab Module 

 

Lab Goals: 

Groups 1, 2, and 3: Mutate GFP to BFP 

It has been shown that when the 66th amino acid in GFP, tyrosine, is changed to the amino 

acid histidine, the protein glows blue instead of green. Your goal is to mutate GFP (green) to 

BFP (blue fluorescent protein). 

Groups 4, 5, and 6: Disrupt the structure and function of GFP  

You will analyze the structure and function of GFP and create a mutation in the amino acid 

sequence that will alter the ability of GFP to glow green under UV light.  It has been shown 

that the 65th amino acid in GFP, serine, is critical for its glowing function. You will delete this 

serine and investigate the mutant GFP protein.  

 

Lab Grading 

 The laboratory component of this TYP course is worth over 30% of your final grade.  

 Lab performance is worth 10%. You will be ranked according to how well you follow 

instructions and prepare for lab, and how successful your experiments are.  

 Lab participation is worth 7.5% of your final grade.  Asking GOOD questions before, during, 

and after lab sessions will help you better understand the experiments, and will make you a 

better scientist. Points may be deducted for asking questions that show you did not prepare 

for lab. Acting inappropriately during lab will also result in point deductions. 

 Quiz Three will be based on lab lectures and experiments only, and a lab report will be 

assigned to be completed over Spring Break. 

 Pre-Lab and Post-Lab assignments are to be completed before class on the due dates listed 

on the syllabus.  If you are unsure about what assignments are due, ask!  

 Your lab packets will be collected DURING Quiz 3 and checked. You must take 

notes on your observations during labs, and submit the Pre-Labs and Post-Labs on 

time. Keeping your lab packets organized and complete is essential for your success in this 

course. 

 At the end of the lab module, groups will present their results to the class. Details will be 

discussed later, and the group presentation is worth 5% of the final grade.  
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 Biotechnology Lab Schedule  
 

 
 
 

 

 

 

Class Date Topic 
 

Minimum Assignment 

M, March 19    LAB Lab 1: Introduction to Biotechnology Lab  Read and complete 
Manual Pages 1-9 

 Hand in Post Lab 1 (pg. 
7-9) for Wednesday 

W, March 21 PCR, Mutagenesis, and Cloning Technology  Read and complete 
Manual Pages 10-17 

 Hand in Pre-Lab 2 (pg. 
14-15) for Monday 

M, March 26   LAB Lab 2: Restriction Digest and Gel Electrophoresis  Read and complete 
Manual Pages 18-22, 

 Hand in Post-Lab 2 (pg. 
19-20) for Wednesday 

W, March 28 E. coli as a model organism: techniques and 
transformation 

 Read and complete 
Manual Pages 23-29 

 Hand in Pre-Lab 3 (pg. 
26) for Monday 

M, April 2        LAB Lab 3: Transformation of mutant pGlo in E. coli  Study for Quiz 3 
 Post Lab 3 (pg 27) to 

hand in for Wednesday 
W, April 4 QUIZ 3 and Notebook Check  Lab Report for Labs 1-3 

 Spring Break  

M, April 16      LAB Lab 4: GFP Chromatography  

W, April 18 Protein Purification Techniques and Analysis  

M, April 23     LAB Lab 5: Protein Gel Electrophoresis (SDS-PAGE)   

W, April 25 Interpreting and Presenting Experimental Data  

M, April 30 Group Presentations and Final Review  

W, May 2 Final Exam  

LEGEND 

Lecture Class  (5:00-6:20 pm) 

Lab Session (5:00-6:50 pm) 

No Class 

Quiz 
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Lab 1: 

 Introduction to Experimental Biotechnology 

In this first lab, you will be introduced to the equipment in the biology laboratory, and learn 

more about how to be safe in the lab. You will also learn more details about the GFP project we 

will work on for the rest of the semester. Finally, we will do a lab activity to practice using 

micropipettes.  

Background on GFP: 

The remarkable brightly glowing green fluorescent protein, GFP, was first observed in the 

beautiful jellyfish, Aequorea victoria in 1962. Since then, this protein has become one of the 

most important tools used in contemporary bioscience. With the aid of GFP, researchers have 

developed ways to watch processes that were previously invisible, such as the development of 

nerve cells in the brain or how cancer cells spread. 

 

Tens of thousands of different proteins reside in a living organism, controlling important 

chemical processes in minute detail. If this protein machinery malfunctions, illness and disease 

often follow. That is why it has been imperative for bioscience to map the role of different 

proteins in the body. By using DNA technology, researchers can now connect GFP to other 

interesting, but otherwise invisible, proteins. This glowing marker allows them to watch the 

movements, positions and interactions of the tagged proteins.  

 

The story behind the discovery of GFP has three Nobel Prize Laureates in the leading roles: 

 

Osamu Shimomura first isolated GFP from the jellyfish Aequorea victoria, which drifts with the 

currents off the west coast of North America. He discovered that this protein glowed bright 

green under ultraviolet light. 

 

Martin Chalfie demonstrated the value of GFP as a luminous genetic tag for various biological 

phenomena. In one of his first experiments, he colored six individual cells in the transparent 

roundworm Caenorhabditis elegans with the aid of GFP. 

 

Roger Y. Tsien contributed to our general understanding of how GFP fluoresces. He also 

extended the color palette beyond green allowing researchers to give various proteins and cells 

different colors. This enables scientists to follow several different biological processes at the 

same time. 

 We have learned that the DNA sequence of a protein, and thus the amino acid sequence, 

determines protein structure and function. You will investigate which amino acids in GFP are 

responsible for its glowing under ultra-violet (UV) light. You will do this by mutating the amino 

acid sequence of GFP and analyzing the resulting mutant GFP protein.  
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An Introduction to Micropipettes 
 

Micropipettes are one of the primary tools of the laboratory biologist.  These instruments allow 
you to measure and dispense small and accurate volumes of liquid solutions.   
 
Metric Conversions Involving Small Volumes 
Familiarize yourself with metric units of measurements and their conversions.  The two most 
prevalent units of liquid measurement in molecular biology are the milliliter (mL) and the 
microliter (µL). 

 
1 mL = 0.001 liter or 1/1,000 liter    1,000 mL = 1 liter 
1 µL = 0.000001 liter or 1/1,000,000 liter   1,000,000 µL = 1 liter 
1 µL = 0.001 mL or 1/1,000mL    1,000 µL = 1 ml 

In this activity you will be using three micropipettes, P-20, P-200 and P-1000A P-20 measures 

volumes of 2-20 μL.  A P-200 measures volumes of 20-200 μL.  A P-1000 measures volumes of 

200-1000 μL.  Finally, extremely small volumes can be measured with a P-2—it measures 
volumes from 0.2-2 µL. It is important to use the appropriate pipette and pipette tip for the 

intended volume. 

Which pipette would you use if you wanted to measure the following volumes? 

a. 250 μL ________________ 
b. 100 μL ________________ 
c. 200 μL ________________ 
d. 5 μL  __________________ 
e. 0.8 µL ____________________ 

Using the Micropipette 

1. Make sure you are using the correct pipette for the intended volume.  
2. Determine the following window settings and the appropriate pipette to be used given 

the following volumes (A-E) 
For example:  

A) P-1000 

0 

8 

8 

_____ μL 

B) P-200        

1 

5 

0 

_____ μL       

C) P-____ 

 

 

 

940 μL 

 

D) P-____ 

 

 

 

50 μL 

 

E) P-____ 

 

 

 

19.5 μL 
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Lab 1 Experimental Procedure: Micropipette Training Micro  

Materials: 

Each group will need tubes of red, green, blue and yellow food coloring, 4 empty Eppendorf 

(micro centrifuge) tubes, pipette tips, white paper towels or filter paper, and a micropipette set 

in your drawer. 

How to Pipette: 

 Refer to above on how to use a micropipette. Ask questions if you do not know how to use 

your pipettes properly.  

 Using the correct micropipette, set the appropriate volume and load a clean tip. 

 Press the top button down to the first stop. Immerse the pipette into the liquid you wish to 

transfer. Allow the control button to glide back slowly. There should not be bubbles in the 

liquid inside the tip. Then, slide the tip out along the inside of the container and wipe off any 

external droplets on the tip with lint-free tissue.  

 Slowly press the control button down completely to eject the liquid. Finally, eject the tip and 

load a clean one.  

 Practice using the pipette with samples of water to become comfortable with the feel of the 

control button stops. 

Procedure: 

1. Place a 5 μl sample of each basic dye color (red, green, blue & yellow) on a flat sheet of paper 

towel and labels spots with pencil with the color and volume. 

2. Use the chart below to mix the required volumes of basic colors in labeled, clean, empty 

Eppendorf tubes. Mix the colors by pipetting up and down OR centrifugation (optional). 

3. Place a 5 μl sample of each mixed colors on the same piece of paper towel that you placed 

the basic colors. Underneath the 5 µL spots, place a 1 µL sample of each new color.  Label 

each spot with the color and volume. You should have 15 spots on your group’s paper towel. 

 

 Analysis Questions (complete DURING lab on separate sheet of paper and 

include in your lab notebook): 

1. Compare the sizes of dye spots on your paper. Are the sizes of the 5 µL spots identical or 

different? What does the similarity or difference tell you about your technique?  

 

 

2. How do your mixed colors (teal, rose, orange and chartreuse) compare with the standard 

colors? 



Name: ________________________________  Group #: _______ 
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Post Lab 1: Mutating GFP 

 

Part One: Study the structure of GFP using StarBiochem 

Getting started with StarBiochem 

• To begin using StarBiochem, please navigate to: http://mit.edu/star/biochem/version_2.0. 

• Click on the Start button and select the version for your operating system. 

• Save the file and open or run it as directed depending on what operating system you are using. 

• Under Samples, select “1EMA” (the four letter ID for the structure of GFP). 

 

Take a moment to look at the structure from various angles by rotating and zooming on the 

structure. Instructions for changing the view of a structure can be found in the top menu, under 

View -> Structure viewing instructions. 

 

The current way you are viewing the structure is by seeing each atom and bond in the protein 

drawn as a ball and a line, respectively. This way of representing a structure is called the ball-

and-stick model, and allows you to see how atoms in the structure bond together. To see a more 

realistic representation of the atoms in the structure you can use the space-filled model, where 

each atom is drawn as a sphere, whose size represents the physical space an atom occupies. You 

can switch from the ball-and-stick model to the space-filled model in StarBiochem by increasing 

the size of the atoms in the structure: 

•  Click on the Primary tab. The default atom size is 20% (ball-and-stick model). 

•  Move the Atoms Size slider to 100% (space-filled model). 

•  Gray = Carbon, Blue = Nitrogen, Red = Oxygen, Orange = Iron 

 

1 Explore the primary structure of GFP and complete the box below.  
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2 Explore the secondary structures found in GFP. Are helices, sheets or coils present? Describe 

what you see. 

•  Click on the Secondary tab. 

•  To see each of these structures one at a time (ex: helices), uncheck the structures 

you do not want to see at this time (ex: sheets and coils) and move the Structures 

Size slider to the right to increase the size of the selected structure (ex: helices). 

Visualize another secondary structure by clicking the box next to it (ex: sheets). 

Repeat this step to visualize the presence of another secondary structure. 

 

 

 

 

 

 

 

3 You will now look at the molecule (fluorophore) responsible for making GFP glow. The 

structure of GFP must be exactly right for the fluorophore to glow under UV light. The 

fluorophore can be visualized using this program, and referred to as [CRO]66:A.  

 In the top menu, under View, click on Reset structure.  

 Under the Primary Tab, set the Atom Size to 0 

 Click on the “Non-Peptide” tab, directly above the Primary Tab 

 Select [CRO]66:A and then set the Atom Size to 50 

 

Describe the location of the fluorophore within the GFP protein. Can you determine which 

amino acids are surrounding the fluorophore? Why do you think these amino acids are 

especially important for the function of GFP? 
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Part Two: Looking at the GFP amino acid sequence 

You are given the partial sequence of GFP and a codon table below. Use these resources to 

answer the following questions.  

 

Find the amino acid your group will mutate. Groups 1, 2, and 3 will mutate Tyr-66 (tyrosine at 

position 66) to a histidine. Groups 4, 5, and 6 will delete Ser-65. 

1. What is the three letter codon for the amino acid your group will mutate? __________ 

 

2. What is the three letter codon for the amino acid that Groups 1, 2, and 3 will replace the 

original with? There are several choices, but you want to change as few nucleotides as 

possible.  ________  How many nucleotides are you replacing? __________ 

 

3. Write the sequence of amino acids from Leu-60 to Gly 67 that Groups 4, 5, and 6 will have in 

their mutant GFP (Ser-65 deletion). Indicate 5’ and 3’ ends.  

 

 
tca 

Ser 
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Lab One Notes and Observations: 
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Lab 2:  

Site-Directed Mutagenesis, Enzymatic Digestion, and Gel 

Electrophoresis 

 

Part 1: The pGlo plasmid 

We have discussed how a mutation in the GFP genetic code can alter the structure and function 

of the GFP protein, but what is our source of the GFP gene? 

In molecular biology, virtually any gene can be inserted into a mini-chromosome called a 

plasmid.  Plasmids are small, circular pieces of DNA that can be inserted into cells. Using other 

techniques, we can force the cell to transcribe and translate the genes contained within the 

plasmid.  

We will use the pGlo plasmid for our experiments. A diagram of the pGlo plasmid is shown 

below, and we will mutate the GFP sequence within the pGlo plasmid before introducing it to 

cells. Before reading onward, take a good look at the plasmid diagram and table below. 

 

 

Part 2: PCR 

In class, we discussed how the polymerase chain reaction (PCR) technique can be used for 

several  applications in the biology lab. While PCR is commonly used to make millions of copies 

of a specific gene or gene region within a genome (exponential amplification), we will use Site 

Directed Mutagenesis-PCR (SDM-PCR) to mutate the GFP gene, and then make copies of the 

entire mutant plasmid. Remember, our GFP gene is contained in the pGlo plasmid, and we will 

use the pGlo plasmid as our template DNA to mutate.  

Plasmid 
Region 

Description  Function  

Ori Origin of Replication Place where plasmid 
replication begins  

Bla Beta Lactamase Makes bacteria with the 
plasmid resistant to 
ampicillin 

GFP Green Fluorescent 
Protein coding 
sequence 

Coding sequence of GFP  
(the DNA sequence to make 
GFP protein) 

araC Arabinose activator The “on and off switch” of 
GFP expression. If the sugar 
arabinose is present, the 
bacteria will make GFP. This 
allows us to control when 
the cells express GFP. 
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Refer to the lecture notes for details about the PCR process, a quick background is given below. 

 

In class we learned that primers specify to the DNA polymerase where to start copying DNA. For 

example, if we have a template DNA with three genes A, B, and C and we wanted to make copies 

of gene B only, we would use two primers—one forward primer upstream of   gene B, and one 

reverse primer downstream of gene B. The DNA polymerase, which always begins to copy DNA 

after the 3’ end of a primer, will make millions of copies of gene B between the two primers.  
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Site Directed Mutagenesis is a bit different, however. We are not just copying one gene, 

we are mutating and copying the entire plasmid. In order to mutate the pGlo plasmid, we 

must insert our desired mutation into our primers. Both the forward and reverse primers 1) 

overlap the exact same place on the DNA template and 2) base-pair exactly to the DNA template 

except for the mutation.  

By using these mutagenic primers, we can “trick” the DNA polymerase into copying that 

mutation into every copy of pGlo it makes. Thus, by the end of SDM-PCR, we will have millions 

of copies of pGlo with our desired mutation.  

 

Now, we must design the primers to contain (1) a mutation that will make the GFP in pGlo glow 

blue, or (2) a mutation that will make the GFP in pGlo not functional.  
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Pre-Lab 2 

Designing the mutagenic FORWARD PRIMER: 

The forward primer is designed using the following principles: 

1. The primer should be around 20-25 nucleotides long, and it must base-pair with the 
GFP gene perfectly except for the mutation. The mutation should be flanked on 
both sides by an equal number of nucleotides.  

2. The length of the primer needed is determined by the  melting temperature (Tm) 
of the primer. We want the melting temperature to be about or slightly above  55°C. 
The melting temperature of the primer is determined by the number of A's and T's 
and the number of C's and G's included in the primer according to the following 
equation: 

Tm (in °C) = (# of A's & T's in primer) x 2 + (# of C's & G's in primer) x 4  

3. Primers should end on both sides in at least one C or G. This help the ends of the primer 

to stay properly annealed to the D template. Why do you think that is? 

 

Now design a mutagenic forward primer using the four principles above.  You will need to 

make an initial guess about the length of the primer, check to see whether this equates to a 

melting temperature of about 55°C, and then repeat the trial and error if necessary. Use 

the space below to show your work. 

Initial guess of forward primer sequence (place a * above the mutation) 

5’____________________________________________________________3’ 

Tm for this sequence=( ______________x 2 ) + (  _____________ x4)= _________  °C 

# of A's and T’s in primer # of C's and G's in primer melting temp 

 

Is the melting temperature about 55 °C? ________ 

If yes, you have designed your forward primer! If no, lengthen or shorten your primer and retry! 

The sequence of my forward primer is: 

 5' ______________________________________________________________ 3' 
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Designing the mutagenic REVERSE PRIMER: 

The reverse primer will be the "reverse complement" of the forward primer. 

First write the bases complementary to those in the forward primer: 

3'________________________________________________________5' 

Then write this sequence of bases in reverse sequence to get your reverse primer: 

 

5'________________________________________________________3'  

Once all of the proper ingredients are added to a tube (called Eppendorf tubes), we must use a 

thermocycler to mutate and amplify the pGlo plasmid. Below is a table that reviews what we 

learned in class. 

 

The PCR reactions will be completed for you using your designed primers.  
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Part Two: Enzymatic Digestion 

Now that we have mutated the GFP gene within the pGlo plasmid and have millions and 

millions of mutant pGlo, we are almost ready to insert the plasmid into cells and have them 

transcribe and translate the mutant GFP.  

But wait just a second…how can we be sure that every pGlo plasmid has been mutated? We want 

to make sure that there is no unmutated pGlo in our sample. We want to have a sample of ONLY 

mutant pGlo. How do we get rid of all DNA that has not been mutated? 

We learned about how bacteria use restriction enzymes to protect themselves from foreign 

invaders such as viruses. We will utilize these enzymes to “chop up” all unmutated DNA.  

The enzyme Dpn1 is special in that it only chops up methylated DNA. Dpn1 is very specific about 

where it cuts within the DNA sequence, the arrows in the diagram below indicate how the Dpn1 

enzyme cleaves DNA. The CH3 is a methyl group, and the arrows show that Dpn1 chops DNA 

after a methylated adenine in the specific palindromic sequence 5’ G-A*-T-C 3’.  

 

DNA mutated and amplified through PCR is not methylated. So, as you can imagine, by adding 

Dpn1 to our PCR reaction we can destroy all of the DNA that has not been mutated.  

 

Lab 2 Experimental Procedure: Dpn1 Digestion  

All tubes MUST be labeled with a short description of its contents, your group number, 

and date.  

1. Obtain an ice bucket and fill will ice. Keep Dpn1 enzyme and DNA on ice at all times. 

2. Obtain your PCR sample tubes from the freezer and place tubes on ice. Note how the 

tubes are labeled and copy down the label and a description in your notes. With a 

permanent marker, write “Dpn1” on the tubes.  

3. Add 1 µL of Dpn1 enzyme to your tube, and mix gently by pipetting up and down.  

4. Make sure all of the liquid is at the very bottom of the Eppendorf tube, without bubbles. 

5. Place your labeled tubes in the thermocycler, and we will start a program that incubates 

the samples for 1 hour at 37 ºC.  
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Part Three: Gel Electrophoresis 

As discussed in class, electrophoresis is the movement of charged molecules under the influence 

of an electric field. How can we determine the size of DNA molecules? One method is to separate 

DNA according to size on an agarose gel. Agarose derives from algae, and a solution of agarose 

with ethidium bromide (EtBr) hardens to form a gel with tiny pores that DNA can travel 

through. Since DNA is negatively charged, the molecules will migrate toward the positive 

charge, or cathode. Larger fragments of DNA take longer to travel through the gel. Thus, 

running a gel allows for a very precise way of measuring DNA size (see picture below). We can 

use a “ladder”— a mixture of DNA fragments of known sizes—to determine the approximate size 

of the DNA loaded in the gel. After “running” the gel in a water bath with electric current, we can 

stain the gel in Ethidium Bromide and expose it to UV light. The bands of DNA will light up due 

to the presence of ethidium bromide, allowing us to see the sizes of DNA fragments.  
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Lab 2 Experimental Procedure: Gel Electrophoresis  

Each group will run one gel.  

1. Retreive your group’s Dpn1-digested mutant pGlo DNA from the fridge and place on ice.  

2. Obtain two new Eppendorf tubes as label them “1: mutant pGlo” and “2: normal pGlo”.  

3. Add 5 µL of DNA loading buffer (dark blue solution) to each of the two tubes on ice.  

4. Change the pipette tip, and add ___ µL of Dpn1-digested mutant pGlo to the “mutant pGlo” 

tube.  

5. Change the pipette tip, and add ___ µL of unmutated pGlo DNA to the other tube. You should 

have two tubes in ice. 

6. Obtain an agarose gel and a gel box. You will be told in class how to fill the box with 1X TAE 

solution. Carefully remove the comb from the top of the gel, and submerge in buffer as shown in 

the lab demonstration. The wells (where the comb was) must be closest to the negative electrode 

(black). Make sure there are few bubbles in the liquid. 

7. Now you can load the gel. The 1X TAE buffer helps DNA travel smoothly through the gel, and 

DNA without loading buffer will not load into the wells. Using a new pipette tip each time, load 

the ladder, mutant pGlo, and pGlo DNA in three wells as shown below. Make sure not to tear 

the wells, as the DNA samples will float away! Gently replace the cover of the gel box, making 

sure to match the electrodes properly. Always connect red-to-red, and black-to-black. Ask for 

help if you don’t know how.  

8. We will run the gel at constant volts, and maximum amps for 35 minutes. The DNA loading 

dye is called bromophenol blue, and you can see a blue line traveling from the negative electrode 

to the positive electrode—this tells you where the DNA is during electrophoresis. Make sure the 

blue line doesn’t run off the gel.  

  

 

 

9. When the gel is done, remove the gel and bring it to the hood to stain in ethidium bromide 

(EtBr). The gel should stay in EtBr for 10-15 minutes. After staining, rinse the gel in water for 10 

minutes. EtBr CANNOT be poured down the sink. Make sure you dispose of all EtBr in a waste 

container in the hood. Pour the TAE buffer out of the gel boxes and rinse well with water.  

10. After staining the gel and washing the excess EtBr away, ask for help with scanning the gel 

and emailing a copy. You will get a reference on how to determine DNA fragment size. Note that 

you will need the gel photo to complete the Post Lab 2, due next class.   

 

10 µL 

ladder 

10 µL 

normal pGlo  
10 µL 

mutant pGlo 
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Post Lab 2 

Due: ______________ 

*For full credit, you must attach a picture of your agarose gel that was emailed to you. 

1. What would happen if the following PCR ingredients were not included in the 

reaction? 

a. DNA polymerase 

 

b. Primers 

 

 

c. pGlo plasmid 

 

 

d. dNTPs 

 

2. Name two ways that SDM-PCR differs from exponential PCR. 

 

 

3. Why do you think primers should end in a C (cytosine) or G (guanine)? 

 

 

 

4. At the end of the PCR reaction, what do you expect to be inside the reaction tube? 

 

 

5. What would happen if you forgot to heat the reaction to 95º C?  

 

 

6. What would happen if you only used 3 cycles of amplification instead of 30? 
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7. Why do we need to digest our PCR reaction with Dpn1? 

 

8. Gel electrophoresis separates DNA by _____________.  DNA travels toward the 

________ charged end of the gel box because DNA has a __________ charge. Larger 

DNA fragments travel ____________ than smaller DNA fragments.  

 

 

9. How large, in kDa, is the pGlo gene? Does the mutated pGlo differ in size? Why or why 

not? 

 

 

 

10. Look at the photo of your gel.  Describe in words what you see, and circle and label the 

bands that represent your mutant and normal pGlo plasmid. Do they represent the 

correct DNA sizes you expected?  

 

 

 

 

11. Describe the intensity of the band (how dark it is). What does the intensity of a band tell 

you? 

 

 

12. Look at the “control” lane. What was in the sample you loaded in the control lane? What 

do you see? Describe the size and intensity of the band(s). Is this what you expect to see? 

Why or why not? 

 

 

 

13. If your results were not as you expected, or you don’t have results at all, thoroughly 

explain what may have gone wrong. 
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Lab 3:  

Transformation in E. coli 

At this point, we have mutated the pGlo plasmid using site directed mutagenesis PCR, digested a 

the un-mutated DNA with Dpn1 restriction enzyme, and confirmed that the mutant pGlo is the 

right size using agarose gel electrophoresis. Now, we want to produce our mutant GFP protein, 

but how? We can use E. coli bacteria as gene-expression factories by tricking them into taking 

the mutant pGlo plasmids inside their cytoplasm. This process is called transformation. 

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 
bioremediation, 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 
defective gene that causes the disease. 
 
In this activity, you will learn about the process of moving genes from one organism (jellyfish) to 
another (bacteria) 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 allowing them to share these beneficial 
genes. This natural mechanism allows bacteria to adapt to new environments.  
 
The pGLO plasmid encodes the gene for GFP and a gene for resistance to the antibiotic 
ampicillin. pGLO also incorporates a special gene regulation system, AraC, which can be used to 
control expression of the fluorescent protein in transformed cells. The gene for GFP 
can be switched on in transformed cells by adding the sugar arabinose to the cells’ nutrient 
medium.  
 
We will be transforming a special strain of E. coli called XL-10 Gold. This strain is specially 
made for expressing mutant plasmids.  
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Lab 3 Experimental Procedure: Transformation 

It is important to remember that sterile technique is extremely important for this lab. All the 

materials provided are sterile and proper handling of these supplies and reagents should 

result in minimal contamination problems. 

1. Obtain the necessary materials as listed in the table above. 

2. Label 3 sterile Eppendorf tubes with your group number and the following:  

Tube 1: “+ mut pGLO”     Tube 2: “+pGLO”   Tube 3: “-pGlo” 

              
3. Locate the tube labeled “Transformation Solution”; this contains a solution of 50 mM 

calcium chloride. With a sterile pipette, transfer 250 µL of transformation solution to 

each of the three tubes. Place tubes on ice.  

 
4. Each group will have a starter plate of XL-10 Gold E. coli bacteria. The lab station will 

also include pre-packaged sterile loops (they look like very small soap bubble wands). 

Remove a sterile loop from the package being careful not to touch the loop on anything 

outside the bag. Remove the cover from the starter plate and pick a single colony of the 

XL-10 Gold bacteria. Immediately place the loop into the transformation solution in the 

tube marked “+ mut pGLO” and spin the loop until the entire colony is dispersed into the 

liquid. Check to be sure there are no bacterial clumps floating in the transformation 

solution; cell clumps will negatively affect the efficiency of the transformation. Place the 

tube back in the ice water bath when the cell suspension is complete. 

 

5. Using a new sterile loop each time, repeat the procedure in Step 4 for the remaining two 

tubes. All three tubes should have transformation solution and a colony of bacteria. 
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       Do this for all three tubes! 

6. Using a pipette, add ____ µL of your mutated, Dpn1-digested pGlo plasmid DNA to the “+ 

mut pGlo” tube. Mix the plasmid with the bacterial cells by tapping the tube gently on the bench 

top. Close the tube and return it to the ice water bath. 

7. Immerse a new sterile loop into the pGlo plasmid DNA and withdraw a loopful. You can also 

use a pipette and measure _____ µL of the normal pGLO plasmid solution. Add the DNA into 

the “+pGLO” cell suspension. Mix the plasmid with the bacterial cells by tapping the tube gently 

on the bench top. Close the tube and return it to the ice water bath. Why do you not add plasmid 

DNA to the tube labeled “-pGLO”? 

 

8. Incubate all three tubes on ice for 15 minutes. Make sure the bottom of the tubes are in 

contact with the ice.  
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9.  While the tubes are incubating on ice, make sure you have 2 LB/Amp/Arabinose plates 

and 2 LB/Amp plate. Label the bottom of the plates as shown below. It is very important 

to label each plate correctly! Some plates already contains the ampicillin for antibiotic 

selection and arabinose for GFP expression. It will be confusing to analyze the results if 

you have mislabeled the plates! 

 

10.  To transform the plasmid DNA into the bacteria, the cells must undergo a heat shock. 

This is performed by removing the foam rack from the ice water bath and placing it 

rapidly in a 42°C water bath. Incubate the tubes at 42°C for exactly 45 seconds. 

Again, it is important that the tubes are pushed down in the rack so that the bottom of 

the tubes have optimal contact with the 42°C water. After the heat shock, immediately 

place the foam rack back in the ice for 2 mins. 

 

11.  Remove the foam rack from the ice water bath and place the tubes in the microtube rack 

on the bench. Add 250 µL of LB broth to each of the tubes, close the caps and gently tap 

the tubes to mix the contents.  

 

 



Name: ________________________________  Group #: _______ 
 

25 
 

12. Using a new sterile pipette for each tube, pipet 100 µL of the transformation reactions onto 

the appropriate plates 

 

13. Spread the suspensions evenly around the plates by quickly sliding the flat loop surface back 

and forth across the plate surface. Turning the plate in a circular motion with your fingers while 

swishing the loop back and forth aids in spreading the bacterial suspensions evenly. Do not 

press down too firmly or you will break the surface of the agar plate. Remember to use a new 

sterile loop for each plate! Let the plates sit on the bench for 2-3 minutes to allow the 

suspensions to soak into the plate. 

 

14. Stack the plates and tape them together. Label the tape with the group number. Turn the 

plates upside down (with agar at top of plate) and place in a 37°C incubator overnight. 
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Pre Lab 3          

In the “Prediction” column, describe whether you expect colonies to growth or not, and indicate 

what the colonies will look like in both regular and UV light. In the “Explanation” column, 

explain your prediction in genetic terms. 

 

 

 

 

Plate Predictions  Explanations 

+ mut pGlo 
LB/Amp/Ara 
 
 

  

+ mut pGlo 
LB/Amp  

  

+ pGlo 
LB/Amp/Ara 
 

  

- pGlo 
LB/Amp 
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Post Lab 3          

1. In the “-pGLO” tube, there was no DNA present to transform into the cells. Why did we heat-

shock that tube? 

 

 

 

2. Pre Lab 4: After 24 hours of growth, observe the results you obtained and complete the 

“Observation” column of the table below. You will need to observe the plates under normal 

lighting first, then turn out the lights and hold the ultraviolet light over the plates. Each box in 

the Observation column should indicate: 

o How much bacterial growth do you see on each plate, relatively speaking? 
o What color are the bacteria in normal light? In UV light? 
o How many bacterial colonies are on each plate (count the spots you see)? 
o Is this what you expected to see on this plate? If not, what might have gone 

wrong?  
 

 
 

Plate Observations 
 Normal Light UV Light 
+ mut pGlo 
LB/Amp/Ara 
 
 

  

+ mut pGlo 
LB/Amp  

  

+ pGlo 
LB/Amp/Ara 
 

  

- pGlo 
LB/Amp 
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Appendix: Equipment for Labs 1-3 

  
 
 
 

  
 
 
 

   
 
 

Micropipettes, or “pipette-men” 

Sterile plastic pipettes  

Eppendorf tube, or 

micro-centrifuge tube  
15 mL conical tube 

Gel Scanner Thermocycler (PCR) “Gel Box” for electrophoresis 

Micro-centrifuge Sterile loops Bunsen Burner 


