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• The SOS response is the term used to describe changes in gene expression in E.
coli in other bacteria in response to extensive DNA damage. The prokaryotic SOS
system is regulated by two main protien i.e. Lex A and Rec A.

•Despite having multiple repair system, sometimes the damage to an organism’s
DNA is so great that the normal repair mechanisms just described cannot repair all
the damage. As a result, DNA synthesis stops completely. In such situations, a global
control network called the SOS response is activated.

•The SOS response is known to be widespread in the Bacteria domain, but it is
mostly absent in some bacterial phyla, like the Spirochetes.

•The SOS response, like recombination repair, is dependent on the activity of the
RecA and Lex A protein .

•. The most common cellular signals activating the SOS response are regions of
single-stranded DNA (ssDNA), arising from stalled replication fork or double-strand
breaks, which are processed by DNA helicase to separate the two DNA strands. In
the initiation step, RecA protein binds to ssDNA in an ATP hydrolysis driven reaction
creating RecA–ssDNA filaments.

The SOS Response 



•RecA binds to single or double stranded DNA breaks and gaps generated by
cessation of DNA synthesis. RecA binding initiates recombination repair.

•RecA–ssDNA filaments activate LexA auto protease activity, which ultimately leads
to cleavage of LexA dimer and subsequent LexA degradation.

•The loss of LexA repressor induces transcription of the SOS genes and allows for
further signal induction, inhibition of cell division and an increase in levels of
proteins responsible for damage processing.

•The LexA homodimer is a transcriptional repressor that binds to operator sequences
commonly refers to as SOS boxes. In E. Coli it is known that Lex A regulates
transcription of approximately 48 genes including LexA and RecA genes

•lexA negatively regulates the function of many genes involved in DNA repair and
synthesis. Destruction of LexA increases transcription of genes for excision repair and
MutS slides along the DNA and recognizes base mismatches in the double helix.
MutL binds to MutS and acts as a linker between MutS and MutH. The DNA must
loop for this interaction to occur.



The SOS regulatory system

• LexA repressor, which
inhibits expression of
the SOS genes during
normal cell growth

• RecA protein, which
is activated by
treatments that turn
on the SOS response

The role of MutH is to identify the methylated strand of DNA, which is the nonmutated
parental strand. 
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In Escherichia coli, SOS boxes are 20-nucleotide long sequences near
promoters with palindromic structure and a high degree of sequence
conservation. In other classes and phyla, the sequence of SOS boxes
varies considerably, with different length and composition, but it is
always highly conserved and one of the strongest short signals in the
genome. The high information content of SOS boxes permits
differential binding of LexA to different promoters and allows for
timing of the SOS response.

The lesion repair genes are induced at the beginning of SOS response.
The error-prone translesion polymerases, for example, UmuCD’2 (also
called DNA polymerase V), are induced later on as a last resort. Once
the DNA damage is repaired or bypassed using polymerases or through
recombination, the amount of single-stranded DNA in cells is
decreased, lowering the amounts of RecA filaments decreases
cleavage activity of LexA homodimer, which then binds to the SOS
boxes near promoters and restores normal gene expression.













Gene Name Protien encoded/roel in DNA repair

Pol B (din A) Encoded polymerisation subunit of DNA polymerase II, required for replication 

restrat in recombinational repair

uvrA

uvrB

Encode ABC excinuclease subunit UvrA and UvrB

umuC

umuD

Encode DNA polymerase V

sulA Encode protien that iinhibit cell division,possibly to allow time for DNA repair

recA Encodes RecA protien rwequired for error-prone repair and recombinational repair

dinB Encodes DNA polymerase IV

ssb Encodes ssDNA binding protien (SSB)

uvrD Encodes DNA helicase II (DNA unwinding protien)

himA Encodes subunit of integration host factor,involved in site specific recombination,

replication, transposition,regulation of gene expression.

recN Required for recombinational repair.

dinD Gene of unknown function

dinF Gene of unknown function



SOS repair system operates only under potentially lethal conditions
caused by extensive UV irradiation. Therefore, SOS repair system
works on the principle that survival with mutation is better than no
survival at all. This repair is also called Error prone repair or

translation replication.

Extention: Role of genes umuC and umuD in SOS repair

The proteins produced by umuC and umuD gene family are necessary for dimer
bypass. They perform following functions:

➢They help in the tight binding of RecA protein at the small
distortation caused by pyrimidine dimer.
➢They help in binding of DNA polymerase III to distorted region
➢They Help polymerase III to bypass the damaged site in template
DNA and move forward in the direction of advancing replication fork.
Genes homologous to umuC and umuD are found in almost all animals
and plants.



DNA repair & Deinococcus radiodurans

Deinococcus radiodurans is an extremophilic bacterium, one of the most radiation-
resistant organisms known. It can survive cold, dehydration, vacuum, acid and has been 
listed as the world's toughest bacterium in The Guinness Book Of World Records.  Also, 
they are mesophiles.

*Gram-positive bacteria (* although its cell envelope is 
unusual and is reminiscent of the cell walls of Gram 
negative bacteria)
*Colonies- convex, smooth, 
pink to red in color 
(deinocrates - carotene)

* Habitat - rich in organic 
materials, such as soil, feces, 

*Size of cells- 1.5 to 3.5 µm.
*Do not form endospores, 
non-motile
*Obligate aerobic chemo-
organo-heterotroph

meat, or sewage, but has also been isolated from dried 
foods, room dust, medical instruments and textiles



What is Deinococcus radiodurans? 

•“Little berry that withstands radiation”

•Resistant to dehydration and genotoxic chemicals, Deinococcus has 
the ability to withstand remarkably large amounts of ionizing 
radiation.

•Deinococcus thrives at levels of 1.5 million rads and can withstand 
levels of up to 3.0 million

History

First appeared in the 1950s in canned meat that had been
experimentally irradiated as means of preservative Represented on
many phylogenetic trees to be close in evolutionary distance to
another widely known Extremophile Thermus aquaticus.



Repair Mechanisms of Deinococcus

•Radiation results in double stranded breaks in the DNA











Hereditary DNA repair disorders
Defects in the NER mechanism are responsible for several genetic disorders,

including:

 Xeroderma pigmentosum: hypersensitivity to sunlight/UV, resulting in
increased skin cancer incidence and premature aging.

 Cockayne syndrome : hypersensitivity to UV and chemical agents.

 Trichothiodystrophy: sensitive skin, brittle hair and nails.

 Mental retardation often accompanies the latter two disorders,
suggesting increased vulnerability of developmental neurons.

 Other DNA repair disorders include:

 Werner’s syndrome : premature aging and retarded growth

 Bloom’s Syndrome: sunlight hypersensitivity, high incidence of
malignancies (especially leukemia's).

 Ataxia telangiectasia: sensitivity to ionizing radiation and some chemical
agents

 DNA repair and cancer.


