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Abstract: The existence of discrete breathers in Peyrard-Bishop DNA model is proved by using rotating wave ap-
proximation, local anharmonic approximation and numerical calculation. At the same time, the linear stability of dis-
crete breathers is investigated in this model by using Floquet analysis. The stability, localization and amplitude of dis-
crete breathers in Peyrard-Bishop DNA model correlate closely to system nonlinear effect.
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Figure 1. The space image of DNA double helix
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Figure 2. The structure image of a molecule of DNA nucleotide
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Figure 3. Theimage of two nucleotide molecules through hydrogen bonds connecting
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Figure 4. The simple dynamical model for DNA nonlinear dynamics

4. 5 DNA 5FiEgdahhpEa

104

Copyright © 2012 Hanspub



Peyrard-Bishop DNA #5584 tf 73 ST P - IR AFAE S5 7805E VE 2 A

3. UMK FHRFEE

AT BATFEERYS Peyrard-Bishop DNA R
R R[5 BRI T—— 0 SR T HIAELE, AR or
WP~ P 5 SCRT R0 HG 5 A 2 1) Jeg 3 A R Ik 1) ) S8 44
&4, AT DRGSR 7%, WL RAT G N
R

Y,(r)=uG(z) (i=1,2,3,,n) (6)

A FoR I SLECT ARG, G () Foni )
SIS 3o FRAT 38 R e A 1T 1 2 AR e S B AL,
WG(r)=cosm,r, HIMLMY, (7) 5N

Y, () =u,cosm,r » HH o, FIRWFIT IR . K (6)
EWAWNE FwE |

i, = p(u,, +u, _7-”1-)_2(”,- —%ulz +%u,3j (7

BRI IR Z RN R R FE M AR, IR R
GF SERPIR (A58 SCRTAN, AT NPT T THFRAT
TT81% DNA AL o = J8RERR I 20 SR T

1) XFFR43 3L FEEF (Sievers-Takeno mode)

u:{'"7V3>v29V171>V15vzav3a'”}; (8)

2) ATFRA LI (Page mode)

u={"',—V3,—V2,—Vl,—l,l,vl,v2,v3,"‘}; (9)

3) ZALNFRIF SR (Symmetric multi-breather)

u:{"',V3,V2,V1,1,1,V],VZ,V3,"‘}; (10)

TR R EMRZ A RIRIE, 75 BRI FRA TR 5 LI
W~ 1) Jey 3 ) 2% A BR A1), 77 2 (8)~(10) H F A i 2
v | <|v| <1 T BUETEL, RATIESF] Peyrard-
Bishop DNA #5547 4E = SEREIR 43 S IR A 1 [F)
I, AT B0 E] 5 B (Y AE AR R A 8 rh 4 SEE
W3l T AR AR A

M 5(a)F1 5(b)H AT A1 Peyrard-Bishop DNA #5171
HH il SEAFAE XS PR3 SR 5~ RS 0 R 7 SEREI T, 1
5(c) B4 R G AR AN EAE HISE s (RN AR L 2 5 p 18
KIN), 4 SERPIR -7 ARAS SE IR Ak 1, 1) I 4R i F)
FEB RGN ] 5(d)4a H T ARE AFLE R 73 S T
W IS 1) 8 s A B PR B Tz B 5 R SR
LNEAE HI SR BEAFAE — D Im A B, A ARZRMEAE T
SR AL WA e I, PR AR DU 55, OV 5(e)

Copyright © 2012 Hanspub

FREIEIR, BER R B2 AR A TAEE: Kl 5()
95 T REE AR AE I 2 AL Bk gy S IR T ) 4 R AR A
K&

4. MR FRIREE S

AR L A AR H g3 S PR AR T ) R AR AR
2 E T I RS, AR R B R P 4 R
SR AR (BN B 5 1= 0.1, u=1, pu=2, u
=10), FFAEPUREOL T T 18 70 SEIPIR T i AR E 1
AR He s I (Floquet) 547 5 (B e P 7 M T ik,
B ARG ALY E IR 1 BV, THRAS IR
EE A=A T A L, ik 6(a) s, BEE ARLME
VRS p HOBE 58, 58 A AE(ELAE SR Y EF IR /L
—HEA+L, WE 6b)(e)FR. Bl 6(c) P AL A
+1 ERAE 7 LT AR DA B AR5, BARAS
FIREE B 73 LT AR AR Y 0 09/ IME, PRI
RGN AR SR A — D BE per 2 00> o I
it B AAEAL AN R A B AT AE AR b T2 A
{EXS PRI ATAE [ B AR, a0 6(d) B, i
ARy S DA AR E

ML TR SE PR MR AT LA, A AR 2 A
FIZ B0 268 7 SE WP IR JR s v 5 8 AT 6 E 2
SN o DR A Ra € 1 3 SEIEIR T4 BEAE SEBR S ) Hh
RSB, BATE L IR TT AL Wik R A A A 2
ARV IS 1 < e WA A R E IR A7 AE
ERAEN R R, (52 E IR EE K
Hio

5. &g

AL FEHR T Peyrard-Bishop DNA AL 5t}
FROFSEWFIR T SRR GF SERFIR - 22 K00 RR 3 SL I
W B AAAE 1t R R 1 J7 T ) . AR 1V
Z—Ho LR AR R, DRI AR SO AT B 25 R
FA T AT S B AR SR A rh . 5 2 3RATT S
HE— N (] Peyrard-Bishop DNA #i7%4 , ifid J& s F
TRV ABA T i I A UL A B B 7 v SR AR A A2 A
ZIRFRR I 5 SERPI i, R ARV E F B B =
I~ () Jey Sl AR e R A AR K e . T R
PLAFA EAEH 4 Peyrard-Bishop DNA A7 Fb o
A VAR FH 5 B R 8 SRR ) AR I

105



Peyrard-Bishop DNA #5584 tf 73 ST P - IR AFAE S5 7805E VE 2 A

0.04; 0.251
0.2}
0.03}
ﬂ 0.15}
0.02¢ H 0.1+
0.01} 0.05}
s 0 P
S0
~0.05f
—0.01f —0.1f
~0.02} ~0.15}
_0.2.
~0.03}
~0.25F
-0.04! : ) . ;
-50 0 50 -50 0 50
n n
(a) (b)
0.12
0.1t n
0.08
0.04
0.06
0.02
=
0.04t
s 04
0.02
-0.02
01 150
~0.04-
-0.02 20
—0.04
-50 0 50
n
(©)
—11
Tt 2.5x10°
2.
£ 1.5t
1+
6
0.5
= 4 =5 0
0.5
2 i
~1.5¢
0
2
_ ‘ . 25 . )
—250 0 50 -50 0 50
n n
(e) ()

Figure5. Graphical illustration of the profiles of the discrete breathers (DBs) in DNA model: (a) The symmetric DBs are obtained numeri-
cally with @ = 1.2, u = 0.1; (b) The anti-symmetric DBs are obtained numerically with @ = 1.2, # = 0.1; (c) The symmetric DBs are obtained
numerically with @ = 1.2, u = 1; (d) The evolution of symmetric DBswith time z; (¢) The DBsdecay with @ = 1.2, u = 10; (f) The multi-site
DBswithw =12, 4 =0.1
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Figure 6. Thedistribution of the Floguet multipliers corresponding to the breather for increasing values of nonlinear parametersu
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