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UV radiation from the sun or artificial sources can damage DNA. If the damaged DNA is 

unrepaired, mutations occur and could lead to cancer. Luckily, mammalians have enzymes that 

can repair DNA damage naturally. One of the enzymes involved in the repair of UV induced 

damage is T4 Endonuclease V (T4N5). T4N5 is an enzyme derived from the T4 bacteriophage in 

E.coli cells. There are two types of pathways that an enzyme can take to repair DNA damage: 

nucleotide excision repair (NER) and base excision repair (BER)
1
. In mammalian cells, BER is a 

faster pathway compared to BER, and the BER pathway involves T4N5. Since the discovery of 

the crystal structure of T4N5 in the 1990’s, this enzyme has been widely used in the study of 

DNA repair. This paper is a review of T4N5 and its application in research. 

One type of UV induced DNA damage that T4N5 repairs is cyclobutane pyrimidine 

dimer (CPD). CPD is the formation of a cyclobutane ring between two thymine bases. T4N5 

increases the CPD lesion repair by initiation of the BER pathway and catalyzing a β-elimination 

reaction
2
. 

 
T4N5 initiates the BER pathway by cleaving the glycosydic bond of the 5’ pyrimidine 

and then cleaves the phosphodiester backbone
2
.  

T4N5 can also be used to study the repair of hypoxanthine deoxyribonucleotide, 

deoxinosine (dI) lesions
3
. The dI lesions occur due to spontaneous deamination of the adenine 

base of DNA, and this causes the formation of a highly mutagenic lesion hypoxanthine
3
. The 

formation of dI lesions is increases when DNA is exposed to UV light, heat or nitrous acid
4
. The 

dI lesions are repaired via a BER pathway initiated by T4 endonuclease V. In order to study the 

repair mechanisms of T4N5 in dI lesions, Lee et al used cultured cells of T4N5 derived from the 

E.coli. Then T4N5 enzyme was added to the cells that have dI lesions and the repair process was 

studied. After incubation with buffer, the cells were introduced in an agarose gel to run gel 

electrophoresis, and the bands of damaged and repaired DNA with T4N5 were compared.  

Gel electrophoresis is a technique in which DNA, RNA and proteins are separated by 

their differences in size. The most common types of gel used for experiments are agarose or 

polyacrylamide gel. First, samples are injected in a gel plate that consists of several lanes. The 

gel plate is placed upright in a buffer solution, and an electrical field is applied to the gel plate to 

separate the sample where the negatively charged molecules migrate down the gel plate. Smaller 

molecules move faster and migrate further down the lane. A fluorescent dye can be added to the 

samples in order to analyze the gel under UV light, or the gel can be stained with fluorescent dye 

afterwards for the analysis. Since DNA cannot be seen with the naked eye, a loading buffer 

which has a color is added to the sample, in order to know when the sample has migrated down 

the gel plate and to know when to stop the electrophoresis. When the electrophoresis is done and 

the mixture is separated, there will be multiple bands on the gel. To view the bands, the gel is 

viewed under UV light or a pre-stained gel can be analyzed by a scanner and computer software.   
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Lee et al used a scanner to analyze their gel that is stained with ethidium bromide. The 

repair over time was recorded and seven samples at intervals of 10 minutes for a total of 60 

minutes were analyzed. On the gel, unrepaired DNA have a band 7.2 kB while repaired DNA 

have bands at 4.1 and 3.1 kB.  The method of Lee et al can be used to further investigate the 

human repair pathways for dI lesions and their significance in repairing lesions and thus 

preventing mutation.  

Fonseca et al studied the effect of laser therapy using a T4N5 assay
5
. In the medical field, 

laser therapy is widely used for the treatment of oral mucositis. Oral mucositis is an 

inflammatory process causes by chemotherapy, and to treat it, the lesions are radiated with low-

intensity lasers. However, laser induced effect therapy could cause side-effects that are still 

unknown yet. When UV light radiates on DNA, it can cause damage in the DNA, but these 

damages are naturally repaired by enzymes such as T4N5 in the case of CPD damage. To study 

if laser therapy affects humans, Fonseca et al used T4N5 as a model by studying if the laser 

therapy affects the repair of T4N5
5
. It is important to study whether DNA repair is involved in 

cellular responses to low intensity lasers in order to find the best method to cure oral mucositis in 

case laser therapy damages the body. Fonseca et al used a plasmid of DNA of E.coli cells and 

exposed it to red light at 660 nm and infrared light at 808 nm. The wavelengths at 660 at 808 nm 

were chosen since these are the wavelengths used in laser therapy. Then plasmid samples were 

placed in agarose gel to run gel electrophoresis. The bands on the gel were analyzed with 

computer software. The electrophoretic profile of plasmids incubated with T4 endonuclease V 

and exposed to UV light are not significantly different than the plasmids without T4 

endonuclease V. Therefore, low intensity red and infrared lasers light do not bring in alterations 

in plasmid DNA. 

 Currently researchers used the E.coli derived T4N5 in their research.  Mi et al are the first 

ones to report biochemical properties of the human enzyme endonuclease V (endo V). They 

study the repair mechanism of T4N5 on deaminated base lesions
6
. They found that introduction 

of human enzyme into E.coli cells that lack the genes that encode production of endo V caused 

three times more reduction in mutation frequency. The mutation frequency cell was determined 

by studying the progress of cells that were radiated by UV light then incubated with the repair 

enzyme T4N5. This was also the first time that researchers used human endo V to study 

deaminated base repair. Previous experiments used endo V derived from E.coli cells to study the 

repair mechanism. The activity of human endo V was studied with polyacrylamide gel 

electrophoresis and the gel was analyzed using computer software. The binding activity of the 

endo V to the deaminated bases was studied by analyzing the bands that appear in the gel. The 

repair activity of endo V was studied in all four deaminated bases in DNA: deoxyinosine (I), 

deoxyrudine (U), deoxyxanthosine (X) and deoxyoxanosine (O). Mia et al found that human 

endo V had the highest repair in DNA that contains deoxyinosine. In their study, human endo V 

repairs 56% of deoxyinosine-containing DNA. The enzyme repair activity of deoxyinosine only 

occurs in humans. Furthermore, T4N5 does not repair deoxyuridine or deoxyoxanosine DNA 
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even when enzyme is added in excess. In conclusion, human endo V is primarily a deoxyinosine 

endonuclease.  

Lee et al used an essay with deoxyinosine (dI) to study the biochemistry of endonuclease 

V-mediated excision repair
7
. The components involved in the endonuclease V-mediated repair 

were studied by gel electrophoresis. The bands on the gel were analyzed with computer software 

and to identify the components in the repair process. In cell extracts lacking endonuclease V 

(endo V), repair level decreases significantly indicating that endo V is important in repair 

mechanism. Most important the researchers were able to develop a method to study excision 

repair that mimics the repair mechanism in vivo. The authors used a purification system that 

consists of endo V fused protein, DNA polymerase I, DNA ligase and DNA synthesis factors. 

Previous research showed in order for endo V mediated repair to occur, another enzyme will 

cleave the 5’ side of the (dI) lesions. This enzyme could be a 3’ to 5’ exonuclease or 

endonuclease. The result of this experiment shows that to complete the repair, 3’ to 5’ 

exonuclease DNA polymerase is needed. Endo V initiates the repair of deoxyinosine lesions by 

breaking a strand of at the second phosphodiester bond 3’ to the lesion. Then an enzyme comes 

in to perform a 3’ to 5’ exonuclease activity that limits the excision by producing a small gap. 

Lastly, the gap is filled and sealed with DNA polymerase I and DNA ligase and the damage is 

repaired. Only three proteins, endo V, DNA polymerase I and DNA ligase are sufficient to 

eliminate deoxyinosine lesions effectively. 

Overall, T4N5 repairs UV induced DNA damage such as CPD and dI. Most researchers 

used E.coli derived cells of T4N5 in their research. Lee et al developed an assay to study the 

repair mechanism of T4N5 in humans. Mia et al are the first ones to study human endo V. 

Another application of T4N5 was to study the effect of laser therapy. Fonseca et al found that 

low intensity red and laser lights used in laser therapy do not induce DNA damage. T4N5 can 

also be used in assays to study repair mechanism of other types of DNA damage. Using an 

endonuclease V-mediated excision repair
 
Lee et al found that to repair dexyinosine lesions, only 

three proteins, endo V, DNA polymerase I and DNA ligase are sufficient.  
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