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Agenda

1. Long-lived metastable secondary structure in duplex DNAs:  a short 

tale of lengthy frustration.

2. DNA supercoiling, topology, and relaxation of superhelical stress.

3. Experimental protocols and results.

4. Analysis and conclusions.

5. Effects of ethylene glycol.



All measurements made in 0.01 M ionic strength



The Problem

Long-lived metastable states with low torsion elastic constant, �, are often 

observed when native supercoiled DNAs are relaxed in ~0.01 M ionic strength by:

(1) Linearization

(2) Intercalation of unwinding dyes

(3) Binding of single-strand binding protein from E. coli

Q1:  What happens when native supercoiled DNA is relaxed by a eukaryotic type

b Topoisomerase I (Topo I)?

Negri, Della Seta, Camilloni, and di Mauro (Roma, ca. 1988) showed that a 

relaxed topoisomer created in the presence of ethidium migrated faster, the 

longer it was exposed to calf-thymus Topo I.











Experimental protocols (~0.11 M ionic strength, 37 °C)

(1) Add Topoisomerase I to p30� DNA (4932 bp) at 0,1 or 2, and 4 
hours.

(2) Withdraw an aliquot every 10 or 20 minutes and halt the reaction by

extracting Topo I with phenol.  The “equilibrium” distribution of 

topoisomers is now “frozen”.

(3) Separate the topoisomers by gel electrophoresis.

(4) Stain gels under conditions where amount of bound dye is 
independent of �l.

(5) Measure band (peak) intensities and positions using a gel scanner 
and associated software.



Topo I added at t=0, and sampled at 40 min 

Topo I at 0 min; sample at 40 min

Topo I at 0, 120, and 240 min; sample at 360 min



Supercoiling free energy

Experiments and MC simulations of DNAs in 0.1 M salt yield:

ET is twist energy parameter;           N is number of base-pairs

is the  linking difference of the most populous topoisomer.

is excess linking number of mth topoisomer.
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Fitting this equation to the observed ratios of intensities yields ET and 0�� .



360 min

40 min







One addition of Topo I at t = 0 minutes:
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Topo I added at t=0.  At t=60 sample is split and one half receives 2nd Topo.
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Topo I added at 0,120, 240 minutes

















Does multiple nicking facilitate equilibration of metastable secondary 

structure?

Circular dichroism studies on different topologically relaxed forms of the Col E1 

amp plasmid yielded (Thumm, Seidl, Hinz (1988)):  

(1) [�]270 = 5800 for the linearized (by Eco RI) species;  

(2) [�]270 = 7300 for the multiply nicked (by DNAse I) circular species.

Typical equilibrium values in ~5.0 mM ionic strength lie in the range, [�]270 =

7585 to 7750.

These results suggest that multiple nicks may facilitate equilibration of metastable

secondary structure.



Relevant Experimental Facts

The secondary structure over most or all of a DNA sequence fluctuates among at 

least three and probably more different sub-conformations within the B-family, 

which may prevail over large and variable domains.  Prevailing fractions of the 

sequence have been ascertained over a range of conditions for:  (1) the normal 

10.4 bp/turn helix; (2) the 10.2 bp/turn helix favored by increasing salt ; and (3) a 

10.42 bp/turn helix favored by increasing ethylene glycol.  Evidence for additional 

sub-conformations comes from long-range structure switching induced in the 

flanking DNA by local perturbations, e.g. (1) insertion of a (CG)n tract (n>2); (2) a 

change in structure of the (CG)n tract; and (3) site-specific binding of CAP or Sp1 

transcriptional enhancers. The different sub-conformers exhibit different average 

elastic constants and intrinsic curvatures, and interconvert only extremely slowly in 

some cases.  Consequently, the dynamics of bending is complex, and the bending 

rigidity at short times (t� 10 μs) is 3- to 4-fold greater than its equilibrium value.



Possible interpretation of the multiple nicking requirement

The rate-limiting step in equilibration of metastable secondary structure could well be 

the migration of (high free energy) junctions between domains of different secondary 

structure, which may become trapped at particular sequence positions (where their 

free energy is somewhat reduced).  This is analogous to pinning of migrating domain 

walls in magnetic materials at positions associated with impurities or dislocations.  A 

nicking and winding/unwinding event near a trapped junction might temporarily lift a 

constraint, and thereby liberate a junction from its trap.



Suggestion
It would probably be wise for everyone to occasionally perform 

experiments on their DNAs both before and after treatment with calf-

thymus Topo I to make sure that metastable states are not contributing 

to their results.  In view of the ultra-long lifetimes of certain metastable

states, this should be done even when no obvious signs of 

metastabililty or hysteresis have been observed.



Equilibrium ET values in ethylene glycol-water solutions



Topo I is added at t=0, 120, and 240 minutes.

0 w/v% EG

20 w/v% EG

40 w/v% EG






