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Abstract

1.> Project title :

“Monte Carlo simulations of DNA penetrating membrane
under intensive electrical field.”

2.> Research motive :

We knew from Newton magazine that Dr. Gunter Blobel — the 1999
Nobel Prize winner in Medicine — was awarded “ for the discovery that
proteins have intrinsic signals that govern their transport and localization
in the cell ”. As a polymer chain like protein, DNA is always used to
reform the gene by penetrating the membrane under intensive electrical
field. And what is physical mechanism during the DNA penetrating
process ?

In a speech, we knew that the bond-fluctuation model is a great tool
to simulate the behavior of polymer system. Since we started our
computer simulations of DNA’s penetrating process under intensive
electrical field at last winter.
3.> Research object :

a.> To understand the physical process of the DNA from wandering

outside the cells to getting through the membrane successfully at
last.

b.> To deconstruct the penetrating mechanism by controlling six

variables which are the strength of electrical field -~ length of
DNA - height of the box above membrane - side length of the
membrane - thickness of membrane and the radius of the pore on
the membrane.

c.> To check the outcomes of the simulation with some theoretical

results.

4.> Research process and Method :

We use C-language to formulate the bond-fluctuation model and
construct a system describing the DNA with membrane. Executing the
program on double CPU PC and calculating the statistical results. And
then, we animate the DNA with dynamical pictures on screen to analyze



the details of penetrating process.

The statistical parameters we use are the “penetrating time 7,” and

“the wondering time 7,”. Effects of those six variables on the two

parameters are discussed.
5> Results :

Physical mechanism of the DNA penetrating membrane are well
understood through the discussions of the six variables excluding radius
of the pore.

a.> Mechanism of the “penetrating time 7,” can be written below :

, :m(ﬂ)i
’ 4

b.>Mechanism of the “the wondering time 7,” can be written

below :

Te :Tv+71h+]1s zT'h :k,)(z
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Z
+ A
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3B THE Z #m

EHRTOSE Z %K DNA TR T, 83 ho 12T, & T,
EReXBPE BT HFremEt Z ma%  B+E - +t/
PR

B—F@m > AWT,>T,>T, U HETEE Z 9% K
Who A2 R HNT, 4 FEIEF A R BB +ox - /\iﬁ,%’i%a
T8 -

EH Z=10 BT, 3R 5% 0 QIR B A4 F KR #E DNA > 4o
5] 3% fho B 355 5% L AT 8 A%, ©
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(@) # b E AR X 9 FEFH
1. m=10 » X=20~120

m P L X Z E T
10 6 2 | 20~120| 20 0.4 75
BF4] Ts/Te Ts Te
Wi X % AR W5 3% B Rl
20 2206.10 180293
30 2231.00 540412
40 2081.50 761729
50 1895.41 1038772
60 2120.68 2061135
70 1856.07 2903758
80 1942.26 3146922
90 2135.19 4228812
100 1982.90 5373489
110 1982.36 7338285
120 1959.39 6592861
m=10, P=6, L=, 7=20, T=7.5, E=0.4
2500
AP S
2000 o . T e
g 1500 y =-2.0207x + 21772
1000 R%=0.2833
500
0
0 50 100 150
+ A
m=10, P=6, L=2, 7=20, T=7.5, E=0.4
1.00E+07
7.50E+06 /”
& 5.00E+06 yEOEeE
/ R%=0.9884
2.50E+06 /
0.00E+00 |
0 50 x 100 150
=+
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2. m=20 > X=20~120

m P L X 7z E T
20 6 2 | 20~120] 40 0.4 75
BF4] Ts/Te Ts Te
Wi EE X B AR P W5 35 B R
20 9445.90 199419.3
30 11007.27 430359.6
40 11617.84 834341.9
50 11289.67 1152627.0
60 10402.76 1849213.0
70 11463.57 2568026.0
80 8032.79 3027217.0
90 10561.60 3786310.0
100 11993.29 4897850.0
110 11290.33 5988862.0
120 11551.64 7683639.0
m=20, P=6, =2, 7Z=40, T=7.5, E=0.4
16000
12000 * . * .
—_— <
R% =0.0548
4000
0
0 X 100 150
=+
m=20, P=6, =2, 7Z=40, T=7.5, E=0.4
1.00E+07
7.50B+06 /
& 5.00E+06 y = 478.93x >0
/ R”=0.9981
2.50B+06 /
0.00E+00 ‘
50 X 100 150
=+=
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3. m=30 > X=20~120

m p L X 7z E T
30 6 2 [20~120] 60 0.4 75
BF4] Ts/Te Ts Te
Wi EE X B AR P W5 35 B R
20 21273.81 184111.8
30 21905.69 438522.4
40 22428.30 713955.9
50 22329.08 1290024.0
60 21875.82 1710338.0
70 22190.83 2522113.0
80 22498.68 3258464.0
90 22660.88 4398984.0
100 22674.31 5410194.0
110 20396.05 5801435.0
120 22121.65 7933837.0
m=30, P=6, L=2, 7Z=60, T=7.5, E=0.4
26000
22000 sttt
L 2
2 18000 y =0.2047x + 22018
R =0.0001
14000
10000
0 50 x 100 150
=—+=
m=30, P=6, L=2, 7Z=60, T=7.5, E=0.4
1.00E+07
7.50E+06 /’
. _ 2.0841
£ 5.00E+06 y = 354.28x
/ R2=0.9981
2.50E+06 /
0.00E+00 ‘
0 50 X 100 150
—+tw
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4.9 bmB B TE X 6h3teh -
HGmpEeRE X 5 mb e @i Bt DNA 4% @i
% BMBATARFIUFYFET EY o ERAERGREEETFRHT A
FAEMT > KB+ A —F— =t =P T EAE—ZMELTRE
AR TE X B EH T U4 2EH -
WG AR RHME > — L RELBERNRHTA—F  B—F A
AR AA(EXAY )R HEHE > AIET NI - 558k D 244 > B
B AT IE R R I T T UG AR,

7] i

(R*)=Y(D,-D;)=>(D}) :Z‘D2 = ND*

H%DNA%%@%ﬁ%%%%ﬁié%ﬂtﬁiE%R%ﬁN%ﬁi
b o TR BRSRAT A BRI T, AL -

Roc N2 oc T/

Mg A ntm L 6 B E X » DNA MEMATAMIESER BH 2 ik
b B b RT3 B X 8T, ey B 14 o

XoT)
A B R
T, =KX’

m7T,>T >T AT, =T,+T,+T, =T, > xE&EHRMTURFRT 82X
o B4

T =k'X?

AR

ER

KBt~ ==~ T 5 4 Bk T

oFi2k m 10 20 30
=) 5 45 # 2.0502 2.0082 2.0841

CYPEJEF T A 2 -
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(Z)# bR R L FEER
1. m=10 > L=1~11

m P L X Z E T
10 6 1~11 20 20 04 7.5
BF4] Ts/Te Ts Te
BB R L FAKEF ] W% 3% 0
1 1977.67 593148.3
2 1957.35 749620.3
3 1828.67 1110447.0
4 1636.13 1305786.0
5 1690.49 1665493.0
6 1496.84 1658312.0
7 1450.18 1838177.0
8 1290.04 2276653.0
9 1208.21 2115206.0
10 1282.43 2367689.0
11 1055.09 2264900.0
m=10, P=6, x=40, Z=20, T=7.5, E=0.4
2500
2000 ““‘:‘-‘.~v-z._.>
1500 \ y=-91.877x +2085.2
= 1000 R>=0.9627
500
0
0 2 4 6 8 10 12
L
B=—+xn
m=10, P=6, X=40, 7Z=20, T=7.5, E=0.4
3.20E+06
2.40E+06 e s
2 1.60E+06 * y = 181452 + 542690
2 _
8.00E+05 |5+ R7=0.9355
0.00E+00
0 5 L 10 15
B =+




2. m=20 > L=1~15

m P L X Z E T
20 6 1~15 20 40 0.4 75
BF i Ts/Te Ts Te
ta R L P AT P % 35 % 1
1 11096.61 709579.6
2 11671.84 834341.9
3 11497.33 937792.5
4 11609.87 1209424
5 10780.91 1251359
6 11235.83 1599028
7 11376.81 1887388
8 10141.79 2461336
9 10509.41 2616478
10 10233.98 2529753
11 9980.185 2907889
12 9550.123 2892447
13 8697.88 3152322
14 9013.14 2970416
15 8553.766 3086705
m=20, P=6, X=40, 7Z=40, T=7.5, E=0.4
15000
M
ﬁmooo T y=218.79x + 12147
2
5000 R%=0.8482
0
0 L 10 15
—_—++*
m=20, P=6, X=40, 7Z=40, T=7.5, E=0.4
4.00E+06
3.00E+06 T P
<
5 0 00E406 y = 1952790x +503431
/ R*=0.9429
1.00E+06 o
0.00E+00
0 5 L 10 15
=+,
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3. m=30 - L=1~15

m P L X Z E T
30 6 1~15 20 60 0.4 75
BF i Ts/Te Ts Te
taf Bt R L FAKEF ] W 3% B Pl
1 20670.08 583234.2
2 22422 .24 716742.8
3 23710.12 1017028
4 23106.92 1169553
5 22877.88 1320769
6 23102.98 1548989
7 25529.36 1791329
8 21885.62 2002009
9 20561.55 2301304
10 21894.7 2445044
11 21392.36 2685353
12 20791.23 2820833
13 20728.53 2941314
14 20472.6 2814517
15 20251.82 3034799
m=30, P=6, X=40, Z=60, T=7.5, E=0.4
32000
24000 |t
* <
2 16000 y =-180.85x + 23407
R?=0.2912
8000
0
0 5 10 15 20
L
=+ K
m=30, P=6, X=40, 7Z=60, T=7.5, E=0.4
4.00E+06
3.00E+06 >
L —
B 0 00ES06 y = 1872036x 1 449903
/ R>=0.9768
LOOEH06 |~
0.00E+00
0 5 10 15 20
L
=+




4.8 bt BB L By3t3h ¢

BB =—+E -~ =+t~ —F AP > TRwET M EFEE L 64938 ik
boo KEE W AT RAER 0 % DNA £ 3 :EFLREFEE > HAE R EA
FURZ AT /A& @ — AR 5k 4y “IRART @42 0 DNA R HRZ##H > B2
BRI AR H IR 0 F AR F A

BRI TR A E DNA o) —38 £ 2ol ey T4 > T, A 463
BB AT DNA Rt g abofd B L3> DNA —3% & 2] 4a B T 4%
B R EresEisl Fl&ke) DNA RE > AR @R T mei i
B LELEIRT FAREFR o

B—F @ KB+ N =—FA =+ P TUeBETHEZEE L
B9 3% fo T 38 o o BIARME B E 69 b7 A5 3 0 DNA Bpfg — 3% i AFLR) &
FRE-RGRRFA B AL L ZRERNAFA BN A A & DNA
B3 EN@AE TSRS 0 FRERER—RRI FA

ey
&

H#HiTE£ZIREFYDNAMS » X8 EFE a2 P IEHRE
% > DNA —33p B BFURBE3EMILRA LY » 4T —kesldke
o b BT, 05 Kig3ghe - T, B gkl 2 E 7 -
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N bémfaBILE P Y FERH

1. m=10 - P=3~15

m P L X Z E T
10 3~15 2 20 20 0.4 75
BF i Ts/Te Ts Te
4m o B FLAE P FAREF ol W 3% 0 P
3 8192.377 62365202
4 4670.052 8782266
5 2919.312 2400415
6 1947.258 747663
7 1388.691 346428.9
8 942.0158 215256.9
9 722.2031 146784.3
10 581.7398 94002.49
11 475.5431 70376.42
12 437.6321 62472.94
13 415.3161 49900.58
14 377.3969 44304.41
15 386.6042 42640.67
m=10, L=2, X=40, T=7.5, E=0.4
10000
8000 °\
6000 )
4000
o0 N R” = 0.9858
\
O | M. A *>—d
0 6 12 18
P
=+-
m=10, L=2, X=40, Z=20, T=7.5, E=0.4
8.00E+07
6.00E+07 ¢
_ 44334
2 4.00E+07 y = 3E+0%
\ R*=0.959
2.00E+07 \\,‘
0.00E+00 s
0 5 10 15 20
P
=+=
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2. m=20 > P=4~15

m P L X Z E T
20 4~15 2 20 40 04 7.5
BF4] Ts/Te Ts Te
4m o B FLAE P FAREF ol W 3% 0 P
4 18057.33 8777548
5 14837.67 2320661
6 11617.84 834341.9
7 9159.929 383329.2
8 7032.684 225331.1
9 5693.482 116073
10 4886.942 113826.6
11 4622.827 84897.16
12 3999.454 64199.91
13 3480.495 64343.09
14 3141.861 50151.81
15 2887.304 47086.67
m=20, L=2, X=40, Z=40, T=7.5, E=0.4
40000
30000 \
B -1.456
£ 20000 y‘1247392x
\ R*=0.9943
10000 \w.._,_‘_‘
O | |
0 5 10 15 20
P
B=+=
m=20, L=2, X=40, Z=40, T=7.5, E=0.4
1.00E+07
*
7.50E+06
&= 5.00E+06 \ g = 2E408x ¥
2_
2.50E+06 R7=09633
0.00E+00 T
5 10 15 20
P
B=+w
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3. m=30> P=3~15

m P L X Z E T
30 3~15 2 20 60 0.4 75
BF4] Ts/Te Ts Te
4m o B FLAE P FAREF ol W 3% 0 P
3 39779.92 54279475
4 31984.9 7126996
5 26710.84 2004320
6 22422.24 716742.8
7 20047.38 3480255
8 16491.48 209558.8
9 13887.2 153341.9
10 11353.09 114533.1
11 12081.82 93145.44
12 11733.61 79903.04
13 9713.318 67176.71
14 9635.047 62510.5
15 8484.347 53907.32
m=30, L=2, X=40, Z=60, T=7.5, E=0.4
50000
40000 \
30000 -0.9801
AW y = 124356x
20000 2
R”=0.9852
10000 —t—y
O |
0 5 10 15 20
p
B=+%
m=30, L=2, X=40, Z=60, T=7.5, E=0.4
7.50E+07
5.00E+07 *
o : y= 3E_|_09X-4‘1871
2 _
2.50E+07 \\* R"=0.9133
0.00E+00 N
0 5 1 15 20




4.9 R BEFLIE P By3tem ¢

HE=+—ZB =+ ﬂ‘l«}(%ngﬁTs B\Tgi’i@?bjﬁ P 3k & 45 Bk
% EREEERFN AT 0 F R AL EREBEBEOTHER
iy Rl AR ARE

>
N Ew

3% E3 T DNA ¥ & m o iE ey M3 h) o IR dm AR FUAS P oy sfdm ) i 45 i
—FEES o ERY R ElctaFE -
(—)~ BET, sy H 4T -

1
Ts=m£ ’
¢
HoEegEE > R T DNA FARmio LR ey H]) - P 2500 TeIRAR

PG R > A FTHRALATHMELL !

(=) BET, 9 H o T -
Te :Tv+]1h +Tv :Th :k,)(z

Jestshe) — B R BT T, AT, HA% 6 > 2 15 3 4 38 4 ) 9 5 b7 98
BA > #&M1%0i8 DNA frém o B b oy REARAT AT T, A AR FA G MSERTR] - b
ZLin B AT A9 IR FAR 44 > de gennes(1991 -3 A R 32 4845 X)BP AR T, 4
BN T AR ERHA - sbsh BENPELL—EABNRAR  GHLH

6t |

£~ &2 EH

AR BT SUR 0 % 201 310 2000 £ 2 A 3K

A 45 AR DNA > S o # i HRAE o
CHCIETAPIRER  BFR S RAKREFE b HRAE
» Unix 454 % # F#% > Daniel Gilly » O’REILLY -

AU

~ N SN~
e g
N N

N\~ Fsk

(=)~ BHHBEOBE -
ERMGBE Y IR THBE E A 0.1~13 Wi - LEikaEng
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MY 5% B B4 hofeT 3R B OE ? /AP 40iE DNA & — #8432k &4 09 o F 4% @ DNA
#3269 35 48 K (persistent length)#) & 100nm » T AL AEE F oy FéEk £
E s FHERRA 2 AR P EMKELL, =50mm o

DNA f& 8¢ % 7 K AR1% 5 — 18 & KB (base pair » kA4 4 3.4nm)E %A &
BaEMN(2 ) ZEEFERELOATHHRAE T ERMBEBR T —EE
AnFLr  AEEELS, FHEMTEZMEg=588e - Ab£ER T=75 T#
EE01#aZrmBs—EMmRENRETHKRE

Hky =8.62x107eVK ™ ~ T, =300K /X » BT R ¥ th -
1E, =117 nt/coul
HE AT R TS

(=)~ BEBEIRE
EIR T=7.5 B9 2 300 & K »

T =7,5T, =300K

F o ARMERTOEERBERS

IT, = 40K
() EFBREREAHER
N
Z(Vi _)A})z
2 =
R*=1-4 :
Z(yi _)_/)
i=1
N
Zyi
)—}: i=1
N

PHEBFTRAGEE Y M HIEKTETET > R RZE | AFoERE
B A2HKFRMT > R ABT 0 ATEFRLL ] -
s B R G RR I H BRAUT MR R T AR 55 AR B R Y 14T -



(1) AAESL GRS AR EH S RAR R AL - DIPRET DNA 2l
FLIRIFA ZRBRHIF ] R B s ] -

(2) ZREahZ BN - ARG R B T DNA AEAlI s 2 i iR 2R Al
BB -

(3) PRSI BN - (R — & TR - AELEhE TS
AW EHERFAALERE - BRSBTS - TR I im - (EEER 1
WY E R AT R H
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