55 10 2006 10 Vol.55 No.10 October 2006
1000-3290/2006/55 10 /5562-06 ACTA PHYSICA SINICA (©2006 Chin. Phys. Soc.

DNA ’

+
410083
2005 12 6 2006 2 27
DNA
50000 DNA
. DNA
DNA
DNA
PACC 8715 7125V
Albuquerque 2 DNA
1.
Liu B
DNA
DNA
2 DNA
SR DNA
20 60 Eley > DNA
DNA ) DNA
67 DNA DNA
DNA
8
. Barton DNA
o DNA )
DNA DNA
14—19
10 20 21
DN A 11 2—24
DNA 50000 DNA
DNA
* 05JJ40135 0601052

T E-mail xlliucsu@ sina. com



la, | n

2227

10 DNA 5563
Ean = g,a, + V a, .1 + a,_ 3
2. [%n] [ E—¢, 1V —1] an] 4
a, - 1 0 a, ’
DNA 4
C G A T 3.
C-G AT
28 29
L
DNA 1 .1 |ay
I = [\ILH; Wln ao 5
» ap a, = V2122712
E
C-G A-T €cc €, 4 ay 5
Ear DNA
V . DNA
'n
DNA 1 2
1
N
H = e, ln nl )
2, e =20V e 21V N w2 V] e+
N 21V
+ V> dn nstleln n-1l 1 vl
w1 -1.5<FE<2.0 C-G
N DNA €,
P l-p €cc €A1
W=| € — 5\'r‘
V
V .
W wilvl. DNA C-G
174 0.6 DNA C-G
W
V=1 R4 1 a p =0.005
26
ECC =O.5 €AT =O p
E p 1b c
p P
. C-G
= N 2
¢ = 2o ln C-G « AT



5564

55

200000 @
=0.005
150000 | P
100000 -
50000 ——
ol M\..}LI;LJ.LLI
2.0 -L0 00 L0 20
E
1000
©
800 p=0.05
600 |
~ ~
400
200 |
0 L 1
2.0 - 0.
E
1 N = 50000
d 1 p=05 2 p=0.8
1d C-G
DNA
230
DNA
DNA
p 0.5
p>0.5 *
p
“ "A-T C-G
1800 [
1600 o
. w E=-15
1400 F e F=0
1200 | A E=15
..
1000 F 4
N ogoof Tt
A ®
600 %%
400 | %,
L] L)
200 | T
0 L 1 1 1 1 1
0 1 2 3 4 5
w
2 p=0.01 N=
50000

16000

®
i pr=0.01
12000 |
8000
4000
0 L L 1 L 1 1 L L 1 1
-2.0 -1.0 0.0 1.0 2.0
E
240 (d
200
160
120
80 | (6)) (2)
40 : : : : : : : !
-2.0 -1.0 0.0 1.0 2.0
E
a p=0.005 b p=0.01 ¢ p=0.05
2 -1.50 1.5
25 30
N—
81 = E=-1
® E=0
. p=0.005, V=-1
7 ‘.
—2 - o ®
Z]l) . o o .
= ® . m = -t
6 _T - - . - -

5 1 L L L L 1 1 1
1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5
log N

3 Loc N¥ p=0.005



5565

10 DNA
g e/ mh N L
3
Lo N E=-1 E-= 4 DNA
0 20—
L AE
= 0.1 §=0 P
4 a
DNA
p<0.5 p
p>0.5 p
4 b
4. E=0.2
4 ¢
! DNA
DNA
g= €& -1 6
20 1
6l @ 1.20x107*7} ®
2l P=0.005 9.00x107™*% P=0.05
w ol s 6.00x107* L
nt 3.00x107*¢ |
ok _AL\MMMML‘J 0.00} [
0.0 0.4 08 Lz 16 0.0 0.z 04 06 08
E E
-200 [
-400 | ©
-600 |
;_g -800 |
-1000 (6)) (2)
-1200 |
1400 | . . o
0.0 0.4 08 12 16
E
4 a p=0.005 b p=0.05 ¢ 1 p=05 2 p=0.8
DNA 107" Q™ m™'.
Danny Porath 6%
1800 DNA
1.0x10° Q" m™'. DNA 2 nm
0.34 nm 50000
1.7 mm 28
4 a 8.0x10 Q" m"' 40b DNA
102" m! 4 c DNA DNA



5566 55
P
5. P
DNA
DNA
3334
1 Murphy C'J Arkin M R Jenkins Y et al 1993 Science 262 1015 Chinese 2006 55 2492
2 Arkin M R Stemp E D A Holmin R E et al 1996 Science 273 475 18 MaSS XuH LiuXL et al 2006 Chin. Phys. 15 190
3 Dondliker P J Holmlin R E Barton J K 1997 Science 257 1465 19 Anderson P W 1958 Phys. Rev. 109 1492
4 Lewis FD WuT Zhang Y et al 1997 Science 277 673 20 Davids P S 1995 Phys. Rev.B 52 4146.
5 Eley D D Spivery D 1 1962 Trans . Faraday Soc. 58 411 21 Dean P 1972 Rev. Mod. Phys. 44 127
6 Porath D Bezryadin A Vries S D et al 2000 Natureg London 22 Kramer B MacKinnon A 1993 Rep. Prog. Phys. 56 1469
403 635 23 XuH Zeng H T 1992 Acta Phys. Sin. 41 1666 in Chinese
7 Kasumov A Y Kociak M Gueron S et al 2001 Science 291 280 1992 41 1666
Pedro C Pedro B G Plamen C I et al 2002 Nature London 418 24 XuH Song Y P Li X M 2002 Acta Phys. Sin. 51 143 in
955 Chinese 2002 51 143
9 Arhin M R Stemp E D A Barton J K et al 1996 Science 273 475 25 YuZ G Song XY 2001 Phys. Rev. Lett . 86 6018
10 SongJ ChenL LiuD S et al 2004 Acta Phys. Sin. 53 2792 in 26 Roche S Bicout D Macia E et al 2003 Phys. Rev. Lett. 91
Chinese 2004 53 2792 228101
11 Gao X T Fu X Song J et al 2006 Acta Phys. Sin. 55 952 in 27 Francisco A BF M Marcelo L L 1998 Phys. Rev. Leit. 81 3735
Chinese 2006 55952 28  Carpena P Bernaola-Galvan P Ch Ivanov P et al 2002 Naiure 418
12 Albuquerque E L Vasconcelos M S Lyra M L et al 2005 Phys. 955
Rev . E 71 021910 29  Shima H Nomura T Nakayama T 2004 Phys. Rev. B 70 075116
13 LuWM LiangJ Q Chui ST 2001 Phys. Rev. B 65 033102 30  Landauer R 1970 Phil. Mag. 21 863
14 LiuXL XuH MaSS etal 2006 Acta Phys. Sin. 55 2949 in 31 Anderson PW Thouless DJ Abraham E et al 1980 Phys. Rev. B
Chinese 2006 55 2949 22 3519
15 MaSS XuH Liu XL et al 2006 Acta Phys. Sin. 55 3170 in 32 Fink HW Christian S 1999 Nature 398 407
Chinese 2006 55 3170 33 Xiong S] Zhang G P 2003 Phys. Rev. B 68 17420
16 LuXL XuH MaSS et al 2006 Physica B 383 226 34 Rodriguez A Malyshev V. A Sierra G et al 2003 Phys. Rev.
17 LuXL XuH MaSS etal 2006 Acta Phys. Sin. 55 2492 in Lett . 90 027404



10 DNA 5567

The localized properties of electronic states and
conductivity of DNA sequence *

Liu Xiao-Liang"  Xu Hui  Ma Song-Shan  Deng Chao-Sheng ~ Guo Ai-Min
College of Physical Science and Technology — Central South University ~Changsha 410083  China
Received 6 December 2005 revised manuscript received 27 February 2006

Abstract

According to the tight-binding model of the single electron we establish a one-dimensional random binary solid model for
DNA molecules. Using the transfer-matrix approach we calculate numerically the localization length and the conductivity of a
DNA sequence with 50000 nucleotides base pairs. The results show that the random DNA sequence is an insulator with very small
conductivity that the localization length and conductivity strongly depend on energies and there exist greater localization lengths
at the band center than at the band edge which implies there is higher conductivity at the band center. The results also show the
localization lengths are affected by disorder degrees to some extent and decrease with the increasing of the degree of disorder for
all energies. Especially with finite-size DNA sequence the localization length and conductivity have obvious effect on nucleotide

base pairs’ mol percentage.
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