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Convergence of the Potential of Mean Force (PMF) for Separated to Intercalated 

State Transition. 

 

Figure S1. Convergence of the PMF for the separated state to intercalated state transition. 

Legends indicate the different time windows selected from each of the 35 simulations to 

construct the PMF. An initial 5 ns equilibration step was performed for each simulation.  
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Convergence of the Potential of Mean Force (PMF) for Separated to Minor Groove-

bound State Transition. 

 

 

 

Figure S2. Convergence of the PMF for the separated state to minor groove-bound state 

transition. Legends indicate the different time windows selected from each of the 25 

simulations to construct the PMF.  
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DNA Twist during Intercalation. 

 

 

Figure S3. Average value of the twist for the pair of basepairs involved in the intercalation 

versus the sampling coordinate X. Note that there is untwisting of 11
0
 for the intercalated 

state (X=3Å) with respect to the separated state (X=16.5Å).  
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Free Energy Corrections 

Here we describe two corrections for the intercalation free energy necessary to compare the 

present results to experiment. The first of these is the correction to a standard drug 

concentration. The standard free energy of binding of B and A particles to form an AB 

particle is, in the dilute concentration limit
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 , where 

C
0
 is the standard concentration 1M and the Ci

’
s are the respective species’ concentrations. 

Here A denotes the drug and B denotes the binding site of the DNA, which is equal to the 

number of base pairs divided by the binding site size or the exclusion parameter, which is 

approximately 3 base pairs for daunomycin
2
. Therefore CA and CAB cancel each other and a 

net difference in free energy appears due to the concentrations CB and C
0
. Since CA= 0.006 

M (one molecule in a cubic box of 65 Ǻ length) and CB = (12/3) CA = 0.02 M, this gives a 

free energy difference Gconc = -RT ln (C
0
/CB) = -2.3 kcal/mol. This correction should be 

subtracted from our intercalation free energy (which is then increased) to compare with the 

experimental standard free energy (Table 2). The same correction has been applied for the 

transition to the minor groove, assuming the same exclusive parameter. 

The second correction involves the free energy dependence on the solution ionic 

concentration. Experimentally, the binding constant K (and consequently the free energy) 

depends on the ionic concentration, which can be written as 
]log[

log





Na

K
m  , where [Na

+
] 

is the positive ion concentration. For daunomycin, m = -1.08
3
. The above equation indicates 

that magnitude of the (negative) intercalation free energy is smaller at higher ionic 
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concentration (G
0
= -RT ln K). Due to the difference in ionic concentrations in the 

reported standard experimental daunomycin intercalation free energy estimate
3
 and in the 

present simulation, a correction Gion should be incorporated as, 
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mRTGGG . Gexp is the experimental free energy at 

][ exp

Na = 0.016 M and Gsim is the simulated free energy with the higher theoretical ionic 

concentration ][ 

simNa  of 0.14 M (22 Na+ in 8822 water molecules). Therefore, Gion = -1.4 

kcal/mol. Since the theoretical ionic concentration is higher than the experimental one, the 

theoretical intercalation free energy magnitude is less negative than the experimental value 

by |Gion|. The theoretical value should then be corrected by adding Gion  as done in Table 

2.  
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