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Bacterial transformation
Plasmids
-
Plasmids are circular DNA molecules found naturally in bacteria. Plasmids are not part of the 

host organism’s genome. They are replicated independently from chromosomes, but importantly, 

plasmids are passed on to both daughter cells during cell division. Plasmids typically contain at least 

one gene that confers an advantageous trait, such as antibiotic resistance. Bacteria can transfer 

plasmids to each other, sharing these beneficial traits. 

Scientists realized that the naturally occurring features of plasmids make them ideal tools for 

molecular biology research. At their most basic, plasmids are like a workbench where scientists can 

modify and store DNA sequences. It is easy for scientists to insert or remove pieces of DNA from 

plasmid DNA in a test tube. Another major use of plasmids is to deliver DNA into cells. Once the 

DNA is inside a cell, the plasmid’s genes can be expressed. Because plasmid DNA is replicated within 

bacteria and passed on during cell division, scientists also use bacteria as factories to make more 

copies of plasmid DNA. 

Transformation
-
Transformation occurs when a cell takes up DNA from the environment. Bacteria can naturally 

acquire plasmids through transformation, but this is a relatively rare event. To encourage bacteria to 

take up plasmid DNA in the lab, scientists expose the cells to conditions that make DNA more likely 

to enter the cell successfully. While there are many ways to accomplish this, a common method is to 

expose the bacteria to calcium chloride and heat. Typically, scientists add a calcium chloride solution 

to the bacteria (Figure 1, panel A), then heat shock the cells by incubating them near 42°C for a 

short period of time. This makes the cell membrane more permeable and helps plasmid DNA enter 

the bacteria (Figure 1, panel B).
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Figure 1. Bacterial transformation. (A) Bacteria are incubated with ice cold calcium chloride (CaCI2) to aid in the uptake
of foreign DNA. Then the plasmid DNA being used for the transformation is added. (B) The bacteria are then briefly 
heat shocked. The combination of calcium chloride and brief exposure to heat allows the plasmid DNA to enter a small 
proportion of the bacteria. (C) All the bacteria are spread diffusely on a nutrient agar plate that contains an antibiotic. 
The plasmid carries a gene that confers resistance to this antibiotic. Only the transformed bacteria can survive and 
grow in the presence of the antibiotic (shown in more detail in panel D). (D) Transformed bacteria express the antibiotic 
resistance gene and are able to survive in the presence of antibiotic. After 12+ hours, a single transformed bacterium that 
is antibiotic resistant will have divided enough times to create a cluster of genetically identical bacteria visible to the 
naked eye. These clusters of bacteria are called colonies.
Note: There are several different mechanisms for antibiotic resistance. For simplicity, only one is shown in panel D.
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Even with calcium chloride and heat shock, transformation is not a very efficient process. To help 

ensure they recover some successfully transformed cells, scientists use a lot of DNA and a lot of 

bacteria. When scientists transform bacteria, there are often millions or even billions of bacteria 

in the reaction, and technically you only need a single bacterium to take up the plasmid DNA for 

a successful transformation. After transformation, scientists spread the bacteria diffusely on solid 

nutrient agar and allow the bacteria to replicate (Figure 1, panel C). At this point, they need a way to 

isolate bacteria that were successfully transformed.

Antibiotic selection

Scientists use antibiotics to select for bacteria that were successfully transformed. At first 

glance, this seems counterintuitive since antibiotics kill bacteria. The key is that plasmids used 

for transformation contain an antibiotic resistance gene. When the bacteria are spread on agar 

that contains that specific antibiotic, only the cells that took up the plasmid DNA and received 

the antibiotic resistance gene will survive in the presence of the antibiotic (Figure 1, panel C). 

After about 12 hours, a single bacterium will have divided enough times to form a small cluster of 

genetically identical bacteria visible to the naked eye. Scientists call these colonies (Figure 1, 

panel D).
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