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1. DNA can be

overstretched

A single DNA molecule can be over-
stretched producing a plateau at 65pN.
This can be explained by a structural
change of the DNA.

Figure 1: Experimental force-extension curves

of single DNA molecule under different tempera-

tures. [1]

2. Simulation of discrete

model

Previously a discrete statistical me-

chanics model was used. The DNA

chain is represented as a series of dis-

crete basepairs or sites, see Figure 4.

The simulation can produce results
similar to those seen in Figure 1:

0

25

50

75

100

125

f
(p

N
)

0.3

x (nm/bp)

B US

10
◦
C 20

◦
C 30◦C

40◦C

60◦C

0.3 0.3 0.3 0.3 0.4 0.5 0.6

≈

≈

≈

≈

≈

≈

≈

≈

Figure 2: Simulation results to show effect

on temperature on pulling and relaxation of DNA

chain. Distinct hysteresis occurs which is depen-

dent on the temperature [2]
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3. Proteins change the overstretching

curves

The aim of this project was to use the previous model
and introduce the effect of protein binding. Overstretching
experiments are greatly affected by proteins.

Figure 3: A) shows the effect of protein on the DNA molecule force-

extension curve. B) shows an experiment in which the DNA molecule is pulled

to a high force and then allowed to relax. [3]

4. Adding protein to the model

Figure 4: Diagram of the possible states in our model. The protein may

bind to any state but its effect is neutral unless binding to the helical form (B)

•Protein is introduced by allowing discrete binding events

during the simulation.

•Events governed by binding rate, Γ0
protein and binding en-

ergy ǫPB.

•Protein-bound B-Form is longer than the unbound form.

•Protein binding energy is 0 for all but B-form

5. Setting parameters

Parameters of model set by comparing to experimental

data. Pulling to high force sets our protein binding rate

and binding energy:

Γ0
protein = 1000 × Γ0

DNA

ǫPB = 3kBT
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Figure 5: Simulation results (mimicking Figure 3(B)) for pulling

to a maximum force of 70pN and then stopping with different protein

binding rates. Molecule relaxes along a line with gradient equal to spring

constant. Results set model parameters based on experiment

6. Equilibrium is not enough

Equilibrium considerations are not enough to explain
Figure 3(A). Competing timescales of protein binding
and changes in structure are needed.
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Figure 6: Equilibrium plot of several different protein binding ener-

gies at a temperature of 20◦C and a nick in the DNA chain.
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Figure 7: Dynamic simulation of pulling and relaxing the DNA with

different pulling rates at 20◦C with 1 nick. The protein binding energy

was fixed. Banana shape is reproduced as seen in Figure 3(A)


