                                          DNA repair systems

The survival of a cell depends on the felicitous replication of its DNA. In multicellular organisms what matter is not only a fulfilled DNA replication but also the inerrable reproduction of the genetic material from one cell generation to the other. This is certified by DNA repair systems that repair damages caused by the replication system or by environmental or other factors .

Direct repair mechanisms
Repair during replication.
As it is commonly known DNA polymerase III has the ability to choose the comlementary nucleotide while producing the new strand and also distinguishes possible mistakes and refines the mismatched nucleotide acting with 3 (5’ exonuclease effectiveness.

O-6-MGMT repair
Methylguanine – DNA methyltransferase is a direct repair enzyme that interferes in the repair of damages in O-6 position of guanine caused by endogenous and environmental alkylating agents, by removing the alkyl groups. The enzyme acts with a self – destruction mechanism.
Indirect repair mechanisms

Excision repair systems
Excision repair system represents a form of DNA repair mechanisms found in various cell types. It involves recognition and removal of the damaged segment of the polynucleotide strand by a nuclease followed by resynthesis of the new and correct nucleotide sequence using  the opposing undamaged strand as a template by a DNA polymerase and the ligation of the new segment  to the preexisting strand downstream to the damaged  area by a ligase. This form of repair falls into two categories: base excision repair (BER) and nucleotide excision repair (NER).

BER  mainly corrects non bulky  lesions caused by oxidation or deamination. In general it initiates by the recognition and removal of the inappropriate nucleotide from a damage – specific DNA glycosylase creating an apyrimidinic /apurinic (AP)  or abasic site  that is subsequently processed further in a multistep pathway that restores the corrected DNA sequence.

NER mainly used for the removal of large complexes. The system recognizes bulky DNA adducts caused by extraneous factors. DNA polymerase composes the gap in the chain which shuts with ligase.

Recombination repair system 

Recombination repair corrects DNA double strand breaks (DSBs) which are generated by exogenous or endogenous agents.

Recombination repair involves two subpathways: the homologous recombination (HR) and the non-homologous end joining (NHEJ).
HR is the major pathway for the repair of DSBs – using an homologous DNA template - and is essential for the viability and genome stability in all eukaryotic cells.

NHEJ involves the religation  of the two DNA broken ends with little or no sequence homology between the two molecules whose ends are being joined. As this pathway is not guided by a DNA template, it can be error prone and often is accompanied by loss of some nucleotides. 
Mismatch repair system (MMR)
MMR eliminates base-base mismatches and insertion/deletion loops that arise from misincorporation or strand slippage, respectively, during replication.

MMR system discovers the absence of base pairing between the parental  and daughter strands excises the wrongly incorporated base from the daughter polynucleotide and fills the gap using the parental strand as a template.
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An epitome of DNA repair related genes.

Figure Base excision Repair
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Excision of Uracile by a  DNA glycosylase and AP nuclease.
DNA repair Mechanisms and involved proteins
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Direct repair by O-6 MGMT
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Homologous Repair (Holliday model).
Nucleotide Excision Repair (Repair of bulky adducts)
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