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Abs tract

The tor sio nal dyna mics of DNA can be des cri bed by non li near mo dels, pre dic ting so li ton
open sta tes re la ted to re pli ca tion and trans crip tion pro cesses. In par ti cu lar, the Ya kushe vich
mo del yields so li ton so lu tions with appro pria te to po lo gi cal pro per ties to des cri be tho se pro -
cesses. In the pre sent work, we de ve lo ped a mo del that com bi nes the dyna mi cal as pects of both
Ya kushe vich and Yo mo sa mo dels, trea ting the stacking in te rac tion bet ween ad ja cent ba ses in a 
non li near way. By doing so, both trans ver sal and lon gi tu di nal in te rac tions are trea ted on the
same foot. Sta ble so li ton so lu tions, ener gies and its dyna mics were ob tai ned.
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Un nue vo mo de lo no li neal del ADN

Re su men

La di ná mi ca tor sio nal del ADN pue de ser des cri ta por mo de los no li nea les, pre di cien do la
exis ten cia de es ta dos abier tos re la cio na dos con los pro ce sos de re pli ca ción y trans crip ción. En
par ti cu lar, el mo de lo de Ya kushe vich pro por cio na so lu cio nes so li tó ni cas con las pro pie da des
to po ló gi cas apro pia das para des cri bir esos pro ce sos. En el pre sen te tra ba jo se ha de sa rro lla do
un mo de lo que com bi na los as pec tos di ná mi cos tan to del mo de lo de Ya kushe vich como el de
Yo mo sa, tra tan do la in te rac ción de em pa que ta mien to en tre las ba ses nu cleí cas ad ya cen tes en
una for ma no li neal. De esta ma ne ra, tan to las in te rac cio nes trans ver sa les como lon gi tu di na les 
a tra vés de la do ble hé li ce son tra ta das igual men te. Como re sul ta do se ob tie nen so lu cio nes so li -
tó ni cas, con su ener gía y di ná mi ca co rres pon dien te.

Pa la bras cla ve: ADN; di ná mi ca no li neal; re pli ca ción; so li tón; trans crip ción.

1. In tro duc ción

Non li near tor sio nal mo dels have been
pro po sed to des cri be the dyna mics of DNA
(1, 2). In such mo dels some of the in te rac -
tions bet ween the base pairs are ta ken in a
non li near way whi le in others li near ly. In the 
pre sent work, all the in te rac tions are trea ted 

on equal foot without dis car ding any no li -
nea rity in trin si ca lly pre sent in the in te rac -
tions. Two types of in te rac tions are con si de -
red: a trans ver sal in te rac tion due to the cou -
pling by hydro gen bonds bet ween ad ja cent
(and com ple men tary) ba ses and a lon gi tu di -
nal in te rac tion bet ween con se cu ti ve ba ses
along the chain, also ca lled the stacking in -
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te rac tion, and fi na lly, a lon gi tu di nal in te rac -
tion bet ween ele ments of the backbo ne of
the DNA strand. The he li cal struc tu re of
DNA is not con si de red in this mo del and it is
not re le vant to the so li ton na tu re of the so lu -
tions ob tai ned (1, 2).

2. The Mo del
The stacking and backbo ne in te rac -

tions can be wri tten for a sin gle strand as:

( )[ ]H SS n n= - - -1 1cos j j [1]

which leads to a diffe ren tial equa tion term of 
the type:

( ) ( )sin sinj j j jn n n n- - -- +1 1 [2]

By per for ming a Taylor ex pan sion, this
term can be wri tten as:
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The term due to the trans ver sal in te -
rac tion is ta ken as in the Ya kushe vich (2)
mo del.

The Equa tions

The com bi na tion of the two in te rac -
tions yield the fo llowing equa tions:
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The sta ble so li ton so lu tions are very
much like tho se of Ya kushe vich mo del (3).
Adding a dis si pa ti ve term to the diffe ren tial
equa tions in tro du ces a sta bi li za tion to the
so li ton so lu tion, eli mi na ting some non li near 
(but not so li tary) wa ves. In Fi gu re 1 the
effect of the dis si pa ti ve term is evi dent. So li -
ton sta tes can be re pre sen ted as cur ves con -
nec ting cri ti cal points in so lu tion spa ce, as
shown in the top of Fi gu re 2.

Long ran ge in te rac tions

It has been de mons tra ted (3) that the
Ya kushe vich mo del exhi bits long ran ge in te -
rac tions bet ween the so li tons, due to the
par ti cu lar struc tu re of the non li near term
des cri bing the trans ver sal in te rac tion. To
check for long ran ge beha vior, a step func -
tion is suppo sed as an ini tial con di tion and
the sprea ding of it is mea su red as a func tion
of time. In the case of short ran ge beha vior
the sprea ding sta bi li zes af ter some time. For
the sys tem trea ted here, the sprea ding con -
ti nues endless ly which accounts for a long
ran ge beha vior. This re sults are shown in Fi -
gu re 3. Co lli sion ex pe ri ments bet ween kink
and an ti kink so lu tions yield in for ma tion
about the ran ge of the in te rac tion and the
in ter nal struc tu re of the so li tons. Some of
the re sults are shown in Fi gu re 4.

Chaos

If the se equa tions are per tur bed by pe -
rio dic for ces and dis si pa tion, the dyna mi cal
beha vior will be in some sen se si mi lar to
that of the cu bic Duffing equa tion, which is
well known to have a chao tic attrac tor. Pha -
se spa ce maps for diffe rent va lues of the dis -
si pa tion are shown in Fi gu re 5.

Con clu sions

The pro po sed mo del, which is com ple -
tely non li near, have so li ton so lu tions of the
same type and sta bi lity pro per ties as tho se
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of the Ya kushe vich mo del. This means that
the re le vant term that accounts for the ge -
ne ral pro per ties of the so lu tions is the
trans ver sal one, i.e., the in te rac tion bet -
ween the nu cleo ti de ba ses, which in turn
cau ses the long ran ge and chao tic beha -
viors, as pre vious ly sta ted3. The non li nea -
rity in the stacking in te rac tion con tri bu tes
to the ge ne ra tion of non li near wa ves, pos si -

bly in tro du cing some mo di fi ca tions of the
in te rac tion bet ween so li tons, the way they
pro pa ga te and their long ran ge pro per ties.
For non ho mo ge neous DNA chains, not dis -
cussed in this work, the non li near term
could be of re le van ce in des cri bing some
issues re la ted to trans crip tion and re pli ca -
tion pro cesses.
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Figura 1. Soliton solutions for different magnitudes of the dissipative term. On top, low dissipation

causes the solution to exhibit some superposition of soliton and nonlinear waves. Below, the

increment of the dissipative term stabilizes the solution to a pure soliton, eliminating some

nonlinear (but not solitary) waves.
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Figura 2. On top, curves representing soliton solutions. The states shown in Figure 1 correspond to

either curves (9.1) and (9.2), meanwhile curve (9.3) corresponds to the antisoliton to curve

(9.2). Solutions (10.1), (10.2.1), (10.2.2) and (10.2.3) are all kink type, and only (10.2.2) and

(10.2.3) are stable. Solution (10.1) is called symmetric and is qualitatively represented bottom

left. All other solutions are called asymmetric and represented bottom right.
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Figura 3. On top, spread of a step function as it evolves in time. Notice that there are clearly two

regimes. On the left below it is represented the general behavior for the regime at short times

as the solution evolves from the initial step function to a solution of the kink type and

nonlinear oscillations appear. On the right it is shown the regime at larger times. Notice how

nonlinear oscillations propagate at both sides of the kink soliton.
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Figura 4. On top, it is shown the time correlation function for an initial separation of 2 base pairs. Bottom,

Fourier transform of the correlation function showing well defined peaks corresponding to

some of the “products” of the collision. At high frequencies the behavior is 1/f.

Fi gu ra 5. Rou te to choas. a) g= 1, b) g= 0.2 and c) g= 0.05
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