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Abstract

During temperature gradient gel electrophoresis (TGGE), a DNA fragment travels in a gel with 
a temperature gradient.  As the fragment travels to a position of higher temperature, the stabil-
ity of the double helix is reduced, resulting in melted domains.  It has been experimentally ob-
served that a partially melted DNA fragment exhibits a steep reduction in mobility— perhaps 
even trapping— in a gel.  The sequence dependent melting of DNA can therefore be translated 
into a sequence dependent position at which the fragment appears to stop.  Thus, this can be used as 
an effective method for discriminating between fragments that differ only in composition.  However, 
the dominant blocking mechanisms remain unclear.  Blocking/trapping events are re-created using 
Langevin dynamics simulations using the ESPResSo package to understand the physics behind the ob-
served steep reduction in electrophoretic mobility.

DNA denatuation (or melting)

DNA bases are paired with either two or three H-bonds (for AT and CG pairs respectively).  
Under stress, these pairs can break and cause a bubble and/or split ends.  For entropic reasons, 
the ends are usually the first to denature.  The process of 2D display of DNA consists of separating 
DNA fragments in two separate steps.  These two steps (described below) are done in directions 
perpendicular to one another.  The result is a two dimensional map of the DNA fragments.

Gel electrophoresis

DNA segments, which were digested (cut) by re-
striction enzymes, can be size-separated by push-
ing them through a gel by mean of an electric 
field.  The gel acts like a sieve, causing the 
longer fragments to migrate slower than the 
smaller fragments.

Temperature Gradient Gel 
Electrophoresis

Sequence-dependent separation can take place 
by pushing the fragments through a gel with a 
temperature gradient.  This is done in a direction per-
pendicular to the first separation.  The fragments migrate to an 
environment with higher temperatures— resulting in gradual 
melting.  The partially denatured fragments suffer form a reduc-
tion in mobility causing them to eventually stop.  Discrimination be-
tween fragment sequences can be made by noting the different position 
(or temperature) at which the fragments have blocked in the gel.  Frag-
ments with high AT content denature (hence block) earlier.

DNA: nothing more than beads and springs

WCA beads: Truncated repulsive-only Lennard-Jones potential 
between all beads.  This potential provides the excluded volume 
interaction.

FENE springs: The beads are all bonded with the same FENE potential.  
This potential determines the chain configuration (topology).

Langevin Dynamics

In Langevin dynamics a Brownian force is applied to every bead.  The 
amplitude of this force sets the temperature of the system.  This models 
the solvent molecules colliding with the beads.  Drag from the solvent is 
also applied to the beads.  This is done in the direction opposite to the 
beads’ velocity at a certain amount such that the net energy added (from 
the random force) is equal to the net energy removed (fluctuation dissi-
pation theorem).  We can now take the sum of all forces and integrate 
Newton’s 2nd law.

Bending Energy: A bending potential is applied to the dsDNA 
beads.  The added rigidity ensures that the dsDNA segments are 
10x stiffer than the ssDNA.
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 The gel screens long-range interactions

The gel is modeled as a rigid lattice of Lennard-Jones poles with a 
lattice spacing of 5   .  It is assumed that the gel screens out the 
hydrodynamic interactions mediated by the solvent.  Inter-bead 

Coulombic interactions are also ignored.  The electric field is 
implemented by applying a constant force on every bead in 
the (1,1,1) direction.  This direction was chosen to avoid 
hallway-effects originating from the gel structure.

  The Approach

The bubble dynamics (bond breaking and re-formation) will be ignored.  We will 
only consider a static denatured configuration.  That means a bead is either a dsDNA 

(orange) bead or ssDNA (blue) bead.  The base-pairing bonds cannot be broken or cre-
ated during a simulation.  For entropic reasons, the melted base-pairs usually occur in 

domains.  We will assume that there are two kinds of denatured domains; a bubble (which 
is situated in the middle of the fragment) or splits (which happen at the extremities).

For entropic reasons, split ends usually occur before bubbles.  Let us 
consider this case only (for now).  We will consider symmetric cases 
(both ends are equally denatured).  Simulation runs consist of driving 
a fragment through the gel for a fixed amount of time.  Different 
simulations are launched for different denatured configurations.

 Conclusion

Expecting a “U”-shape as the dominant blocking mechanism (see image at right), we found that a 
partially denatured DNA fragment can take a “squid”-like conformation that significantly reduces its 
mobility.  The time spent in such a conformation increases as the amount of ss-beads grow.  A DNA 
fragment with a “squid” conformation blocks in the gel when the entropic force associated with 
threading the denatured ends through the pore is higher than the applied external force. We are 
currently exploring configurations where the bubbles are placed in the middle of the fragment and 
studying the effects of simulation parameters such as the external field. These results will give us the 
necessary picture to build a theory on the effects of denaturation during gel electrophoresis.

 Results

A specific example: 200 beads with denatured ends

variance

Above is a plot of the DNA position (in the direction of the field) 
vs time (frame number).  Four denatured configurations are 
shown.  A significant net decrease in velocity is observed as the 
ds/ss ratio is reduced.  The step-like features indicate two 
quantitatively different behaviors.

Simulation snapshots corresponding to areas of interest are shown.  It 
can now be observed that the plateaus correspond to a “squid”-like 
conformation.  This conformation is created from a ds-hernia that 
grows until the ss-part reaches the edges of the pore.  With two 
additional beads in the pore (see inset), the ss-section cannot thread 
through as easily as it did in reptation (higher entropic barrier).  The 
fragment eventually pulls the hernia back and resumes migration in the 
former reptation-like manner.


