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I. Introduction 

Green fluorescent protein (GFP) is a protein derived from a jellyfish; GFP allows 

scientists to identify whether or not a target cell’s DNA has accepted the new DNA. 

Osamu Shimomura, Martin Chalfie, and Roger Tsien developed GFP’s use in biology. In 

1962, Shimomura isolated the GFP gene, and in 1988 the three scientists refined its used 

for scientific experimentation. Because of the discovery of GFP, scientists now have a 

way to study cell functions in live organisms and in real time. This helps scientists to see 

whether or not genes they want organisms to take up have actually been taken up. If a 

scientist observes that an organism glows green under ultraviolet light, then they can 

conclude that they have succeeded in inserting the new DNA into the organism because 

the GFP is expressed along with the inserted genes. 

In this experiment, the delivery 

method for GFP is the pGLO plasmid. This 

plasmid contains three key genes: GFP, beta 

lactamase, and araC. GFP is the gene that 

codes for the glowing protein. Beta lactamase 

is a gene that codes for an enzyme that breaks 

down ampicillin. The araC gene codes for a 

transcription factor (protein) that regulates the 

expression of green fluorescent protein. 

 

 

 

 

 

 

 

 

Figure 1. Diagram of pGLO Plasmid Sequence 
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Because the araC gene codes for the transcription factor for GFP, it is the most crucial 

gene; its absence would lead to GFP not getting expressed and therefore the organism 

would not glow. Because the pGLO inserts itself close to the arabinose operon (the DNA 

code for pGLO has been genetically engineered to incorporate aspects of the arabinose 

operon), arabinose is the trigger that activates the repressor protein bound to the promoter 

region upstream from the pGLO.  

There are three main lessons contained within this experiment. The first is to learn 

how gene expression is controlled; the mechanism for this is inserting GFP into bacteria. 

The second is to know the definitions and uses of various terms, including: promoter 

region, transcription factors, DNA binding proteins, transformation, and translation. The 

third is to demonstrate how bacterial transformation is performed within a lab setting. 

This lab leads into the idea of gene splicing and therefore the next lab, which is on 

genetically modified foods that use gene splicing to insert new DNA into crops and 

livestock to increase harvests.  

II. Methods  

First, two snap cap tubes were labelled with either a ‘plus’ or ‘minus’ symbols. 

Teams filled buckets with ice and placed the labelled snap cap tubes in the ice buckets. 

50 μL of freshly prepared competent bacteria was pipetted into each snap cap tube. 2 μL 

of pGLO were inserted into the positively labelled snap cap tube and then mixed in by 

flicking the tube. Both tubes were left to rest in the ice buckets for thirty minutes. 

When twenty-five minutes had passed, four LB nutrient agar plates were labelled 

on their bottom edges to indicate which components would go into each plate. One was 

labelled +pGLO/LB/amp, another labelled +pGLO/LB/amp/ara, another labelled -
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pGLO/LB/amp, and the last was labelled -pGLO/LB. The names of the students were 

also included when labelling each agar plate.  

The next step was to heat shock the e. coli. After thirty minutes had passed, tubes 

were placed in a 42°C heating block for exactly 45 seconds. The tubes were then 

immediately placed back into the ice for two minutes. Heat shock serves as a method to 

break down cell walls and amplify DNA.  

Two minutes after the heat shock, 500 μL of S.O.C. medium was placed into the 

snap cap tubes. The tubes were then shaken in the 37 °C incubator for about an hour at 

175-200 rpm. Arabinose was added to one of the agar plates.  

After recovery, bacteria were added to the agar plates. 250 μL of the contents of 

the positively labelled snap cap tube was added to the agar plates labelled +pGLO. 250 

μL of the contents of the negatively labelled snap cap tube were added to the other two 

agar plates. The plates were stacked upside down inside a 37°C incubator overnight and 

then placed into a cold room.  

III. Results 

Figure 2. +pGLO/LB/amp   Figure 3. +pGLO LB/amp/ara 

 

In this picture, there is growth but no 

glow. The growth is a bacterial lawn. 
In this picture, there is both growth and glow under UV light. 
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In this picture, the bacteria have 

been killed and there is no 

glow. There is lots of bacterial 

growth. 

 

 Figure 4. -pGLO LB/amp 

 

 

 

 

 

 

 

 

Figure 5. -pGLO LB  

  

In this plate, there is bacterial growth but no 

glowing. 

Figure 6. All Plates Under UV Light 

All four agar plates are 

included in this picture. The 

only one that has glowing 

bacteria is the one on the 

top left, which is the 

+pGLO/LB/amp/ara plate. 
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IV. Conclusions 

The four different plates had different levels of growth, and only one actually 

glowed. On the -pGLO plates, bacteria grew on the LB alone plate but not on the LB/amp 

agar plate; this is because there were nutrients available on the LB plate without any 

outside force diminishing the population of the e. coli. Ampicillin, which was added to 

the other -pGLO plate, kills bacteria by breaking down the cell membrane of the bacteria. 

Because ampicillin was present on the -pGLO/LB/amp plate, the ampicillin killed of the 

bacteria. Neither of these plates had e. coli that included the pGLO addition. The pGLO 

includes a gene called beta lactamase that codes for a protein that breaks down 

ampicillin. This means that even if there’s ampicillin on the plate, as long as beta 

lactamase is expressed the ampicillin will have no effect. Because neither of these -pGLO 

plates included the pGLO, there was no beta lactamase to eat at the ampicillin and 

therefore the ampicillin (when present) killed the e. coli on the plate. pGLO was not 

added to these plates so these plates can function as a control in the experiment.  

The next plate that did not glow was the +pGLO/LB/amp plate, which included 

+pGLO, LB, and ampicillin. Because there was growth on this plate, we can tell that the 

pGLO plasmid was accepted by the competent cells. Growth occurs because the beta 

lactamase in +pGLO is expressed and therefore eliminates the ampicillin. There was no 

arabinose on this plate. The araC gene is activated by the presence of the arabinose sugar; 

araC codes for a transcription factor that controls the expression of green fluorescent 

protein. Because there was no arabinose on this plate, the araC gene was not expressed 

and therefore the GFP gene was not expressed. There was growth on this plate despite the 

antibiotic because of beta lactamase; there was no glow because GFP was not expressed. 
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Only one of the four plates contained bacteria that both reproduced and glowed.  

This was the +pGLO/LB/amp/ara plate. The ampicillin serves as outside pressure to 

jump-start the evolution process in the bacteria, forcing them to produce beta lactamase 

to counteract the ampicillin. Cells that do not take up the pGLO are killed by the 

ampicillin, so the remaining e. coli on the plate have taken up the pGLO plasmid (this is 

also true for the other +pGLO plate). The presence of the arabinose activated the 

transcription of the arabinose operon, which includes the araC gene that codes for a 

transcription factor that controls the expression of GFP. Because araC was expressed, this 

transcription factor allowed for the expression of GFP. The expression of GFP makes the 

e. coli glow under ultraviolet light.  

This experiment explains how gene expression works and how gene expression is 

controlled. An outside factor interacts with transcription factors that are bound to a 

required gene’s promoter region and changes their shape so that RNA polymerase can 

read the gene and transcribe it in order to make a protein. This happens on a small scale, 

like in bacteria when injected with pGLO. Environmental factors are one of the main 

ways in which gene expression is controlled. In the pGLO experiment, arabinose is the 

environmental factor that causes araC and GFP to be expressed. This also happens on a 

much larger scale, as shown in grasshoppers and locusts. Grasshoppers and locusts are 

actually the same species. When food or other resources are scarce, grasshoppers change 

which genes are expressed and can become locusts within the hour. A simple change in 

gene expression can change an organism’s behavior in drastic ways, from glowing under 

ultraviolet light to turning a meek, solitary grasshopper into a crazed locust.  
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