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DNA Repair 
· The structure of DNA can be damaged in a number of ways through exposure to chemicals or radiation. 
· Incorrect bases can also be incorporated during replication. 
· Most DNA repair occurs in the G1 phase of the eukaryotic cell cycle. 
· Mismatch repair occurs in the G2 phase to correct replication errors. 
Table I-2-3. DNA Repair
Damage 

Cause 

Recognition/Excision Enzyme 

Repair Enzymes 

Thymine dimers (G1) 

UV radiation 

Excision endonuclease (deficient in xeroderma pigmentosum) 

DNA polymerase

DNA ligase 

Cytosine deamination (G1) 

Spontaneous/chemicals 

Uracil glycosylase

AP endonuclease 

DNA polymerase

DNA ligase 

Apurination or apyrimidination (G1) 

Spontaneous/heat 

AP endonuclease 

DNA polymerase

DNA ligase 

Mismatched base (G2) 

DNA replication errors 

A mutation on one of two genes, hMSH2 or hMLH1, initiates defective repair of DNA mismatches, resulting in a condition known as hereditary nonpolyposis colorectal cancer -- HNPCC. The aberrant enzyme is not yet identified. 

DNA polymerase

DNA ligase 
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Repair of Thymine Dimers 
· Ultraviolet light induces the formation of dimers between adjacent thymines in DNA. 
· The formation of thymine dimers interferes with DNA replication and normal gene expression. 
· An excision endonuclease (excinuclease) removes the thymine dimer and a few adjacent bases. 
· DNA polymerase fills in the gap by synthesizing DNA in the 5'[image: image1.png]


3' direction, using the undamaged strand as a template, and DNA ligase seals the nick in the repaired strand. 
· Xeroderma pigmentosum is an autosomal recessive disorder characterized by extreme sensitivity to sunlight, skin freckling and ulcerations, and skin cancer. The most common deficiency occurs in the excinuclease enzyme. 
Melanocyte(melanoma, metastasizing to cns, ) squamous cell of carcinoma- no risk of metastasize; corneal ulceration
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Repair of Deaminated and Missing Bases 
· Cytosine can become deaminated spontaneously or by reaction with nitrous acid to form uracil. This leaves an improper base pair (G-U), which is eliminated by a base excision repair mechanism 
· A uracil glycosylase recognizes and removes the uracil base, leaving an apyrimidinic (AP) site in the DNA strand. 
· An AP endonuclease nicks the backbone of the damaged strand at the missing base. 
· Additional nuclease action removes a few more bases, and the gap is filled in by DNA polymerase. 
· DNA ligase seals the nick in the repaired strand. 
When the damaged is due to deamination, the recognition enzyme is uracil glycosylase, and repair enzyme- is AP endonuclease

When the damaged is spontaneously due to heat, then the AP endonuclease is also a recognition enzyme

Defect in AP endonuclease- ataxia –teleangiectasia (hypersensitivity to ionizing radiation, dilated blood vessels, and lymphomas)
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Mismatched Base Repair 
· Mismatched bases are missed by the proofreading function of DNA polymerases during the S phase. 
· Mismatched bases are recognized by proteins called hMLH and hMSH, which removes the mismatched base. 
· DNA polymerase fills in the gap, and DNA ligase seals the nick. 
· Hereditary nonpolyposis colorectal cancer results from a deficiency in the ability to repair mismatched base pairs in DNA that are accidentally introduced during replication. 
Do not confuse with familial polyposis of the colon- no mismatched bases
Table I-2-3. DNA Repair
Damage 

Cause 

Recognition/Excision Enzyme 

Repair Enzymes 

Thymine dimers (G1) 

UV radiation 

Excision endonuclease (deficient in xeroderma pigmentosum) 

DNA polymerase

DNA ligase 

Cytosine deamination (G1) 

Spontaneous/chemicals 

Uracil glycosylase

AP endonuclease 

DNA polymerase

DNA ligase 

Apurination or apyrimidination (G1) 

Spontaneous/heat 

AP endonuclease 

DNA polymerase

DNA ligase 

Mismatched base (G2) – prior to cell division (mitosis)
DNA replication errors 

A mutation on one of two genes, hMSH2 or hMLH1, initiates defective repair of DNA mismatches, resulting in a condition known as hereditary nonpolyposis colorectal cancer -- HNPCC. The aberrant enzyme is not yet identified. 

DNA polymerase

DNA ligase 





An 8-year-old boy is brought to a dermatology clinic by his parents. They note that his skin is extremely sensitive to sunlight and his chart indicates that he has had multiple melanomas removed over his lifetime. This patient likely has 

(A)a defect in AP endonuclease 
(B)a defect in excision repair of ultraviolet-damaged DNA 
(C)been exposed to pyrimidine analogs 
(D)defective proofreading 
(E)deletion of his helicase gene 
Explanations
The correct answer is B.This patient has xeroderma pigmentosum, an autosomal recessive trait. This disease is characterized by an extreme sensitivity to sunlight, skin changes, and a predisposition to malignancy. The disease results from a defective excision repair mechanism for UV-damaged DNA. 

A defect in the AP endonuclease (choice A) leads to ataxia-telangiectasia, characterized by hypersensitivity to ionizing radiation, dilated blood vessels, and lymphomas. 

Pyrimidine analogs (choice C), such as 5-fluorodeoxyuridine, inhibit thymidylate synthase, an enzyme critical for DNA synthesis. Insertion of these analogs stops elongation of the DNA chain; therefore, they are useful as chemotherapeutic agents. 

Defective proofreading (choice D) would affect DNA replication in all body tissues, not just those exposed to UV. 

Helicases (choice E) are enzymes responsible for unwinding the DNA before DNA replication can begin. Helicase abnormalities would affect DNA replication in all body tissues, not just those exposed to UV. 
 

