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Diffusion of c~rcular DNA in solution by Brownian Dynamics 
Naoko Kanaeda1and Tetsuo Deguchi2, Department of Physics, 

Graduate School of Humanities and Sciences, Ochanomizu University, 

Ohtsuka 2-1-1, Bunkyo-ku, Tokyo 112-8610, Japan . 

Abstract: We have evaluated the ratio of diffusion constant of a ring to that of a 

linear polymer in solution by the Brownian dynamics with both hydrodynamic and 

excluded-volume effects. The ratio is called the C-factor. It is given by about 1.1 

when we use the bead-spring model where beads are connected by the finite 

extensible non-linear elongational (FENE) potentiall11. The value 1.1 is consistent 

with the experiments of synthesized ring polymers. However, it is different from 

the 0-factor '""""1.3 for the experiments of circular DNA. However, we found that the 

C·factor becomes about 1.3 when we employ the strong angle potential. It agrees 

well with the experimental results of circular DNA. We also suggest the strong 

angle potential should describe the effect of a kink, which is a sharp-bending part in 

a DNA. 
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1. Introduction 

In this work, we have evaluated the ratio of the diffusion constant of a ring polymer to 

that of a linear polymer in solution through the Brownian dynamics with hydrodynamic 

and excluded volume effects. The ratio is called the C-factor. In recent development of 

experiments, the C-factor has been measured in experiments of circular DNA quite 

accurately[21. In the experiments of synthesized ring polymers, the C-factor is given by 

about 1.1. In the experiments of circular DNA, the C-factor is given by about 1.3. In the 

context of the renormalization group theories, the C-factor should be independent of the 

details of a polymer model. In simulation we have evaluated the C-factor of-the 

bead-spring model whose beads are connected by the FENE potential. We then found 

that the C-factor is given about 1.1. However, we also found that the C-factor becomes 

about 1.3 when we employ the strong angle potential. 

-143-



2. Result 

Fig. 1 shows the N -dependence of the C-factor 

DringiDlinear from N=6 to N=45 in the case of the 

bead-spring model. The data is completely flat ~ 

with respect to N. The data is fitted with 

C=C""(l+aN·t.) here c==1.14. The result 

i~ consistent with the experimental results 

of synthesized ring polymers. However, the 
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estimate is not consistent with the experimental 

results of circular DNA. We suggest that we should 
N 

employ a more complicated model in which we might have other potentials of DNA. 

The C-factor is always given by about 1.1 for the most models we have tried. When we 

take into account the angle (whose coefficient is 10.0) and dihedral potential, Cis given 

by about 1.1. Considering the coulomb potential, C is also given by about 1.1. Even 

when we use the double stranded model, Cis given by about 1.1. 

The C-factor is given by about 1.3 when we employ the strong angle potential with 

coefficient 50.0. Fig2. shows the diffusion constant of a ring and that of a linear polymer 

where the x axis denotes the time steps times the time interval. Dring=0.43±0.01 and 

Dlinear =0.31 +0.01 so that C=1.41 +o.07. A strong angle potential should describe the 

effect of a kink in DNA. linear--
ring ................ . 
0.43 ........ . 
0. 31 ------··· 

0.45 Dring 
~0.43 

0.4 Dlinearshould be here when C=1.1 

0.35 

~0.31 

3. Conclusion 200 400 600 800 1000 1200 1400 16.~13 

time 
The C factor is given by about 1.1 for most of the models we tried. When we employ the 

strong angle potential, however, the C-factor becomes about 1.3. We suggest the strong 

angle potential should describe the effect of a kink, i.e. a sharp bending part of DNA. 
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