Accumulation of Okazaki fragments in ligase-deficient E. coli


In 1969, Pauling and Hamm (Proceedings of the National Academy of Sciences, USA 64:1195-1202) recovered Okazaki fragments using a temperature-sensitive strain of E. coli that lacked ligase activity at 40oC but had ligase activity at 25oC.  After raising the temperature to 40oC and transferring the strain into medium containing radioactive nucleotides for 5 minutes, Pauling and Hamm detected (from the radioactivity) newly synthesized Okazaki fragments in the temperature-sensitive bacteria.  These fragments did not appear in an E. coli strain with normal ligase activity at 40oC when the researchers subjected it to the same procedure.  Instead, the newly synthesized DNA in the normal strain was much longer.

Questions:

1.
Why was it necessary to use a temperature-sensitive, ligase-deficient strain 
of E. coli instead of a strain that lacked ligase activity altogether?

2.
Why did Okazaki fragments accumulate in the temperature-sensitive strain 
but not In the strain that had normal ligase activity at 40oC?

Answers

1.
A bacterial strain that lacks ligase activity altogether fails to survive because DNA cannot be fully replicated without ligase.  However, a temperature-sensitive strain can be grown indefinitely at 25oC because ligase is active at this temperature and cells can fully replicate their DNA.  The effect of ligase deficiency can be studied in this strain by raising the temperature to 40oC, which stops ligase activity.

2.
After primer removal, ligase joins Okazaki fragments to form a long continuous strand of DNA.  With no ligase activity at 40oC in the temperature-sensitive strain, Okazaki fragments cannot be joined and instead accumulate in the bacteria.  In the strain with normal ligase activity at the higher temperature, Okazaki fragments do not accumulate because they are joined as usual by ligase.

