
DID YOU KNOW? 
Transformation was discov
ered in the late 1920s by Fred 
Griffi th, an English medical 
officer, while he was studying 
the bacteria responsible for a 
pneumonia epidemic in 
London. 
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B.ACKGROUND 

The ability to exchange genes within a population is a nearly univer
sal attribute of all living things Among prokaryotes, there is no 
known case that genetic exchange is an obligatory step (as it often is 
in eukaryotes) in the completion of the organism's life cycle. Rather, 
genetic exchange seems to be an occasional process that occurs by 
three quite different mechanisms in various prokaryotes. The three 
mechanisms of genetic exchange are transformation, transduction, 
and conjugation. 

In transformation, DNA is released from cells into the surrounding 
medium, and recipient cells incorporate it into themselves from this 
solution. In transduction, DNA is transferred from one prokaryotic 
cell to another as a consequence of a rare formation of an aberrant 
phage virion in which some or all of its normal complement of DNA 
is replaced by bacterial DNA (donor DNA). When such a phage 
virion attaches to and introduces this DNA into another bacterial cell 
(the reCipient), genetic exchange is effected. With conjugation, genetic 
exchange occurs behveen cells in direct contact with one another by a 
process that is, in all known cases, encoded by plaSmid-borne genes. 
Usually only the plaSmid itself is transferred from the donor to the 
recipient, but sometimes chromosomal genes are transferred as well. 

Plasmid DNA 

Plasmids are circular pieces of DNA that exist and replicate inde
pendently of the chromosomal DNA. Although the existence of plas
mid DNA was inferred from genetiC studies in the 1950s, it has only 
been in recent decades, with the advent of simple and accurate means 
of detection, that the impact of plasmids on the biology of prokaryo
tes has been fully appreCiated. Plasmids may carry genes specifying a 
wide range of functions; unlike chromosomal DNA, however, they 
are dispensable. The types of functions they encode only benefit the 
cell in a limited set of environments, and none are known to encode 
essential cellular functions. Plasmids may vary in size from a few to 
several hW1dred Kb (kilobase) pairs in length and there may be sev
eral dozen plasmids in one cell. Although they are capable of autono
mous replication, the number of plasmids remains fairly constant 
from one generation to the next. 
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DID YOU KNOW? 
In 1972, Paul Berg reported 
the construction of a recombi
nant DNA molecule com
posed of bacterial and viral 
DNA. In 1980, Berg received 
the Nobel Prize in Chemistry. 

Recombinant DNA and Genetic Engineering 

In the rapid advances in the field of recombinant DNA technology 
and genetic engineering, one of the most important applications of 
plasmids is their use as vectors (from the Latin, vectus, meaning car
rier). To molecular biologists, a vector is a vehicle used to carry for
eign DNA fragments into a host ceil, where replication occurs, pro
ducing multiple copies of the foreign DNA fragment. Because plas
mid DNA replicates independently of the host cell's chromosomal 
DNA, and some plasmids may produce several hundred copies 
within a single ceil, plasmids are ideal for cloning large amounts of a 
specific DNA sequence. 

In the genetic engineering procedure, DNA is first broken into several 
smaller fragments using enzymes called restriction endonucleases. 
The fragment containing the gene to be used is then isolated and is 
placed into a suitable vector (plaSmid DNA) so that it may be intro
duced into a host organism. Once the vector is inside the host organ
ism, multiple copies of the newly incorporated gene are produced, 
which can then be selected and utilized. 

Foreign DNA 
fragments 

Plasmid 

Foreign DNA 
insertion 

Recom binant DNA 

The event most beneficial to recombinant DNA technology was the 
discovery of hundreds of restriction endonucleases. Restriction en
donucleases, or restriction enzymes, are naturally occurring enzymes 
isolated primarily from bacteria that can be used to cut DNA mole
cules into precisely sized fragments. The specificity with which they 
break DNA molecules apart has made them one of the most impor
tant tools in molecular biology. 
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Restriction enzymes are frequently named using the following con
vention: The first letter indicates the genus of the organism from 
which the enzyme was isolated, the second and third letters indicate 
the species, an additional letter indicates the particular strain used to 
produce the enzyme, and the Roman numerals denote the sequence 
in which the restriction enzymes from that particular genus, species, 
and strain of bacteria have been isolated . 

Examples of Restriction Endonuclease Names 

EcoRI 	 E =genus Escherichia 
co = species coli 
R = strain RY 13 
I = first RE isolated from this species 

@ 
BamHI B = genus Bacillus 

am = species amyloliquefaciens 
H =strain H 
I = first RE isolated from this species 

Hind III H = genus Haemophilus 


0 0 in = species influenzae 

d = strain Rd 


DID YOU KNOW? 
 III = third RE isolated from this species 
In 1988, Harvard University 
'vas granted the first patent Some restriction enzymes cut cleanly through the DNA molecule by 
ever on an animal, cleaving both complementary strands at the same nucleotide position 
"oncomouse", a genetically within the recognition sequence, which is generally four to six base 
engineered mouse created to pairs long. These nucleotide recognition sites are termed palindromic 
develop CCU1cer. sequences because both strands have the same sequence running in 

opposite directions. The restriction enzyme scans the length of the 
DNA molecule and stops to cut the molecule only at its particular rec
ognition site. For example, the enzyme Hind III will cut a double 
strand of DNA as shown. 

The Hind III enzyme recognizes the sequence: *GWTIeG 

and will cut the DNA at a different point within the recognition site, 
resulting in a staggered cut. 

A staggered cut exposes short, single-stranded regions of the mole
cule, which are known as "stiCky ends"; these are espeCially useful in 
making recombinant DNA molecules. DNA restriction fragments 
produced by the same enzyme can be spliced together. The sticky 
ends produced as a result of the staggered cut by the restriction en
zyme allow complementary regions in the sticky ends to recognize 
one another and pair up. 

Another class of restriction enzymes cuts cleanly through the DNA 
molecule by cleaving both complementary strands of DNA at the 
same nucleotide position within the recognition sequence. These en
zymes produce a blunt-end cut. For example, the restriction enzyme 
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Bal I will cut a double strand of DNA in the following way: 

TGGtCA 
ACq;GT, leaving blunt ends. 

When producing recombinant DNA molecules, the same restriction 
enzyme is used on both the DNA to be inserted into the vector 
(foreign DNA) and on the vector itseJJ to ensure that the resulting 
ends of the two different molecules will be complementary to each 
other. When the foreign DNA is introduced to the vector, the comple
mentary ends come together and form weak hydrogen bonds. This 
process is known as annealing. 

Transformation 
Uptake of DNA from the environment 
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The new molecule is then exposed 
to another type of enzyme called 
DNA ligase. A ligase (from the Latin 
ligatus, meaning to bind or tie) is 
used to seal the two weakly joined 
molecules together and stabilize the 
site where they are attached to one 
another. The resulting molecule is a 
combination of the foreign DNA 
and vector, which can then be in
serted into a bacterial host. In the 
bacterial host, the recombinant 
molecule begins to self replicate. 
When using plasmid DNA as a vec
tor, the most common method to 
place the recombinant DNA mole
cule into a host is the process of bac
terial transformation. 

Transformation 

Transformation was the first mecha
nism of bacterial genetic exchange to 
be discovered . In 1928, a now
famous experiment demonstrated 
that injecting mice with an avirulent 
(not capable of causing disease) 
strain of Streptococcus pneumoniae, 
together with heat-killed cells of a 
virulent (disease-causing) strain 
killed mice, while injecting these 
strains separately did not. This and 
subsequent experiments established 
that the surviving cells were recom
binant: they exhibited certain prop
erties (including virulence) that 
were typical of the killed cells and 
others that were typical of the aviru
lent culture. A genetic exchange of 
the DNA dissolved in the external 
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DID YOU KNOW? 
The firefly, sometimes called a 
lightning bug, is neither a fly 
nor a bug. It is a member of 
the beetle family. 

medium had occurred between the dead cells and the live ones. At 
the time, it was thought that a particular substance, a "transforming 
principle", caused the exchange to take place. From this term, the 
word transformation came to be used to describe genetic exchange 
among prokaryotes. 

Cells in a state in which they can be transformed by DNA in their en
vironment are termed"competent". In a significant number of bacte
ria, entry into a competent state is encoded by chromosomal genes 
and signaled by certain environmental conditions. Such bacteria are 
said to be capable of undergOing natural transformation. Many other 
bacteria do not become competent under ordinary conditions but can 
be made competent by exposing them to a variety of artificial treat
ments, such as high concentrations of divalent cations. 

E. coli cells, which do not possess a natural system for transformation, 
are capable of being artificially transformed. They are made compe
tent only following subjection of cells in culture to calcium chloride 
solution. These newly competent cells are now receptive to an inser
tion of foreign DNA contained in a plasmid. 

Plasmid pBestLuc 

The chromosomal DNA of the North American firefly, Photinus 
pyralis, contains the luc gene that codes for the production of the en
zyme luciferase. Luciferase is a 60.7 kDalton protein that is capable of 
catalyzing a reaction between the chemicals luciferin and ATP in the 
presence of oxygen and Mg++ The reaction results in the luminescent 
glow of the firefly. The plasmid pBestLuc, which is used in this lab 
activity, contains the luc gene. 

pBestLuc also contains a specific gene that will render the bacterial 
host resistant to the antibiotic ampicillin. Many plasmids, called R fac
tors, carry genes that confer resistance to antibiotics on the host cell. 
First discovered in 1955, R factors have spread rapidly among bacteria 
in recent years, profoundly affecting medical science by causing many 
strains of pathogenic bacteria to become highly resistant to antibiotics. 
Though these R factors can be detrimental in the battle against bacterial 
infection, genetic engineers have found a positive use for these genes 
as a method for selecting recombinant DNA molecules. 

Using an antibiotic-resistance gene on a vector that also contains the 
piece of foreign DNA to be cloned allows scientists to screen bacterial 
host cells and ensure that only host cells containing the desired gene 
are produced. By placing the antibiotic-resistance gene on the same 
vector that contains the luc gene, the bacterial host cells can be grown 
in the presence of ampicillin; only cells containing the ampicillin
resistance gene, and therefore the luc gene, will be produced. 
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OBJECTIVES 

• 	 Investigate transformation as a mechanism of genetic exchange 
• 	 Create competent cells by chemically and thermally treating 

E. coli cells 
• 	 Insert a plasmid containing firefly genes into competent E. coli 

cells 
• 	 Determine if transformation was successful by examining the 

cells for luminescence 
• 	 Calculate the effiCiency of the transformation reaction 

MATERIALS 

,,)tt'l
V MATERIALS NEEDED PER GROUP 


0 0 

1 Luria agar plate with ampicillin


DID YOU KNOW? 1 	 Sterile inoculating loop 
Although E. coli has often 1 	 Rubber pipet bulb 
been in the ne\vs as a food 3 	 Sterile pipets, 1 ml 
borne pathogen, the vast ma 1 	 Capillary micropipet 
jority of E. coli strains are 1 Nitrocellulose membrane 
harmless, including those 1 Microcentrifuge tube 
commonly used by scientists 1 	 E. coli culture in Luria agar tube 
in genetic laboratories. 

SHARED MATERIALS 

Calcium chloride 
Luria broth 
Plasmid pBestLuC® 
Luclleri.n solution, 1 mM 
Water bath 
Ice bath 
Incubator 
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PROCEDURE 


Figure 1 
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8 
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Figure 2 

...--Plunger 

...-Pipet 

n P"o' to conducting the 'xpcrim"'t, make 5U" all materiol, a" 
present and ready to use. A 42°C waterbath should be avail
able. The calcium chloride and plasmid pBestLuc should be in 
an ice bath and kept cold throughout the experiment. 

1. 	 Obtain a tube of Luria agar with actively growing E. coli. 

2. 	 Obtain a microcentrifuge tube and, using a 1 ml sterile pipet, add 
0.25 ml (250 ).11) of ice-cold calcium chloride to the tube. 

3. 	 Using a sterile inoculating loop, remove a loopful of the E. coli 
from the surface of the agar. Gently move the loop across the sur
face of the agar to collect some of the bacteria. Be careful not to 
remove any agar with the loop. 

4. 	 To remove the bacteria from the transfer loop, place the loop into 
the calcium chloride and twirl rapidly. Dispose of the loop ac
cording to your instructor. 

'1.~!.:.~"-' Gently tapping the loop against the side of the microcen
trifuge tube may also help dislodge the bacteria. 

5. 	 Using the provided capillary micropipets and plungers, add 10 ~ 
of the plasmid pBestLuc solution to the tube containing the cal
cium chloride. 

6. 	 Gently tap the tube with your finger to mix the plasmid into the 
solution. 

7. 	 Incubate the tube on ice for 15 minutes. 

8. 	 While the tube is incubating on ice, obtain a Luria agar plate with 
ampicillin. Using forceps, or wearing latex gloves, place a piece of 
nitrocellulose membrane on the surface of the agar. Lift the lid of 
the plate only enough to place the membrane on the agar and re
place the lid as soon as you are done. 

the 	nitrocellulose memrm Be ven) cw,!ul wh", lumdling
brane; it is very fragile. 

9. 	 The bacterial cells must be heat shocked to allow the plasmid to 
enter the cell. Remove the tube from ice and immediately place in 
a 42°C water bath for 75 to 90 seconds. 
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DID YOU KNOW? 
Listerine® mouthwash is 
named after English surgeon 
Joseph Lister, who published 
the first study on the benefits 
of antiseptic surgery in 1867, 
thus beginning the trend to
ward modern aseptic tech
niques in medicine. 

10. 	Remove the tube from the water bath and immediately place on 
ice for two minutes. 

11. 	Remove the tube from the ice bath and add 0.25 rnl (250 ~) of 
room temperature Luria broth to your tube using a 1 rnl sterile 
pipet. Gently tap the tube with your finger to mix the solution. 
The tube may now be kept at room temperature. 

12. Using another sterile pipet, add 0.20 rnl (200 ~) of the solution to 
the center of your Luria agar plate with the nitrocellulose mem
brane. Gently rock the plate to ensure the solution thoroughly 
covers the surface of the membrane. 

13. 	Label the lid of the plate with your group name and allow it to sit 
undisturbed for one hour. After one hour, place the plate in a 
37°C incubator, inverted, overnight. 

14. 	 After 24 hours, remove your plate from the incubator. Count the 
number of colonies growing on your plate and record the value 
in the Analysis section of the lab 

15. 	Remove the lid of the plate and place it upside down on a flat 
surface. 

16. Add 0.5 rnl of 1 rruVlluciferin to the center of the lid . 

17. 	Carefully remove the nitrocellulose membrane containing the 
transformed colonies of E. coli from your Luria agar plate and 
place in the lid of the plate on top of the luciferin solution. 

18. Observe the lwninescence in a dark area. 

19. 	Calculate the transformation efficiency using the steps outlined in 
the Analysis section. 
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'WARD'S N ame:______________ 
Glowing Bacteria: Group: _______________________ 
Transformation with a Date: ________________________ 

Firefly Gene Lab Activity 

ANALYSIS 

# of colonies on plate _____ 

A cell must be competent for transformation to occur. Not all cells in solution become competent and 
therefore never incorporate the plasmid. Transformation efficiency is the number of transformed colo
nies per Ilg of plasmid. Using the directions below, calculate the transformation efficiency.IiThe I ube ofplasmid pBeslLuc supplied in Ihis activily con lains 1 ~g of plasmid in 100 ~l of buff"· 

Total mass of plasmid used 

Concentration of plasmid ________ 
Volume of plasmid solution used ________ 
Mass of plasmid used (volume x concentration) ________ 

Fraction of transformation suspension placed on plate 

Total volume of suspension ___________________ 
Total volume placed on the plate/ to tal volume of suspension __________ 

Total mass of plasmid on plate 

Mass of the plasmid used x fraction of suspension on the plate _________ 

Number of colonies per Ilg of plasmid 

# of colonies on the plate / mass of plasmid on the plate _ _______ 
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