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Recently, in a very interesting paper, Kasianowicz et al. Figur'e 1. The free_ energy per segment of the polymer, shown as a
showed that an electric field can be used to drive single-strandedfunction of the position of the segment. As the segment goes from the
RNA and DNA through a 2.6 nm diameter ion-channel. The €ft (-ve) toright (Fve), the free energy changes BAV.
theory of such translocation processes has been examined by Park
and Sung.* They assume the reaction coordinate for the process the pore is governed by the equation (assuming the motion to be
to be the center of mass of the chain. On the basis of the resultsone-dimensional)
of the Rouse modélthey take the center of mass to diffuse with
a diffusion coefficient proportional to B whereN is the total EaR(NY) = ma, R(n;t) — V'(R(n,t)) + f(n,t) (1)
number of segments in the polymétig proportional to the length
L of the polymer). AsN segments have to cross the pore, the  genotes bead number along the chain= 3ksT/12, wherel is
time of crossingtes9 is proportional td\”®. If there is a favorable  ihe Kuhn lengtH. & denotes the friction constant for the beads
difference in the chemical potential between the two sides, the modeling the chaif R(n,t) denotes the position of theh unit at
time can be lowered to being proportional i?, while in timet, andV(R(n,t)) represents the free energy per unit length of
unfavorable cases it is increased to being gxponennal.?mn the string, inside the por&(R) = aV(R)/3R. f(n,t) is the random
the experimentst was found thaterssis proportional to the length  thermal noise driving the chain. We take the width of the pore to
of the molecule and hence b In the following we suggest that  pe \y and the potential inside the pore to be given\{R) =
the portion of the chain inside the pore is to be thought of as a AV(RW)? (2 Riw — 3) for 0 < R < w while V(R) = 0 for R <
kink gnd that translpcation may be thqugh; of as the motion of g andV(R) = —AV for R > w. The free energy change in going
the kink on the chain, in the reverse direction. Our model leads rom the left to right is—AV. To analyze the translocation process,
to the prediction thatossis proportional td\, in agreement with e consider the average motion of the chain by neglecting the
the results of the experiment. We present the basic idea in thef,cyating forcef(n,t) in eq 1. The resulting deterministic equation
following, leaving out the detailed mathematical development to
other publlcat|0n§._ _ _ _ EaR(NY) = ma, R(n;t) — V/(R(nt)) )

Under the conditions of the experiment, the DNA strand is
negatively charged, and under the influence of a potential
difference, it migrates from the side where the potential is negative
(cis), to the side where the potential is positive (trans). We shall
assume that the charge on the DNA is spread uniformly over all
its segments. Then, a segment of DNA on the cis side has a higher .
free energy than on the trans side. As the segment passes through md, R + Cvd R — BAV (stwz) (Riw—-1)=0 (3)
the pore, it would interact with the walls of the pore, which too ) ) ) ) )
are charged. So one expects the free energy per segment of th&Ve find a kink solutiofi to this equation such th&&(—c) = 0,
chain to change as shown in the Figure 1. It is possible that the Ry(e) = w. It is: R{(7) = W[l + exp(~vAV/Im(t — 1o)w)] 2,
pore could represent a region where the free energy is larger,wheretg is an arbitrary constant. This solution exists onlyif
and hence there is a barrier to the translocation process. This= —5 /mAV/w. That is, the kink moves in the negative
means that the process is activated. As this does not seem to bejirection—this corresponds to the motion of the chain molecule
the situation in the experimentand as we have discussed this in the reverse direction. As the kink is moving with a finite
situation earlief, we shall not discuss this case here. velocity, and as there amld segments to move across, the time

The pore is about 10 nm wide, and therefore, at any time, therey___ has to be proportional thiw/(Ev/mAV). Thus, we find that
should be more than 10 nucleotides in it. As this number is not the traversal time is directly proportional to the number of units
small, we can adopt a continuum description for the dynamics, in the polymer, in agreement with the experiments of Kasianowicz
where instead of looking at the dynamics of individual units, one et a|! Further, our analysis predicts thaess is inversely
looks at the dynamics of a string (see the book by Doi and proportional to the square root of the applied potential difference,
Edwards for details). The dynamics of the string passing through 5 prediction that is in variance with the results of ref 1. This
difference can be due to: (@) in ref 1, only a limited range of

has a solution of the formR(n,t) = Ry(7), wheret = n — ot. It
may be found by putting this functional form in to the equation
2, which leads to:
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occurs by movement of the few monomers inside the pore. This  Now, one may ask, what is the role of the random function
has been recently analyzed by Lubensky and Nelstheir f(n,t)? This term causes the kink to execute a random walk like
predictions are in agreement with the data of ref 1. Clearly, more motion, and plays a major role in the case where there is no free

experimental work with a larger range of chain lengths and energy difference between the two sides.
potential differences is needed.
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