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Molecular Dynamics Simulation of the Norfloxacin-DNA Complex

MA, Guo-Zheng*®  JANG, Yong-dun® YU, Qing-Sen”
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Abstract Molecular dynamics (MD) simulations were used to investigate the interaction of norfloxacin
with the DNA oligonucleotide dfATATCGATAT],. The initial binding structure was built with molecular
modeling based on the experimental results. A 2 ns MD calculation was performed to study the norflox-
acin-DNA complex and the results indicated that norfloxacin was inserted in the minor groove of DNA,
binding to the region of duplex TCGA bases. The possible H-bonds between carbonyl and carboxyl group of
norfloxacin and amine group of the guanine base support a minor-groove complex for the compound in GC
DNA sequence. Molecular dynamics studies complement the structural analysis and provide a clear picture
of the norfloxacin-DNA complex.
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Figurel (@) Structure of norfloxacin and (b) initial geometry of
norfloxacin-DNA complex
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Figure 2 Root-mean-square deviation of norfloxacin-DNA
complex from the initial structures as afunction of time
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Tablel Torsionanglesof free DNA
Chi Gamma Delta Epsil Zeta Alpha Beta
C(1)—N C(5)—C(4) C(4)—C(3) C(3)—0(3) o@3)—P P—O(5) O(5)—C(5)

T —121.74 50.51 115.22 —175.29 —90.79 —62.01 173.98

C —124.92 51.77 105.83 —171.16 —90.25 —65.82 —179.75

G —105.58 48.68 128.75 —169.23 —109.96 —61.95 177.49

A —114.54 46.54 122.99 —177.65 —90.46 —60.00 175.42
oA A —116.20 47.26 124.28 —174.25 —89.33 62.67 174.33

G —103.81 46.06 132.75 —161.25 —125.61 —61.40 174.24

Cc —122.38 49.79 106.33 —172.83 —84.74 —62.78 179.26

T —121.51 49.01 110.04 —175.51 —90.10 —61.53 174.61
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Table2 Torsion angles of norfloxacin-DNA complex
Chi Gamma Ddta Epsil Zeta Alpha Beta
C(1)»—N C(5)—C(4) C(4)—C(3) C(3)—0(3) 0O(3)—P P—0O() O(B)——C»5)
T —118.59 54.82 120.64 —175.07 —95.97 —62.56 174.78
C —118.05 54.48 125.15 —172.82 —93.42 —63.74 172.47
G —137.01 54.18 104.82 —171.33 —101.69 —64.99 176.83
Norfloxacin-DNA A —121.71 56.23 124.17 —174.44 —92.74 —64.60 173.57
A —11854 49.75 128.53 —174.51 —100.72 —63.18 178.20
G —124.54 40.33 141.47 —172.21 —95.33 —62.89 —179.52
C —92.27 53.53 139.68 —108.46 177.89 —82.19 160.93
T —112.02 56.05 121.11 —167.57 —90.60 —66.18 167.70

HE 1, 20 LUEH: W0 1455 )5, DNA KK
A R AL TRRIREE 4L, Jodh Bl GC Bt 114
bt 2 W] 55k TCGA BE11) CG BlJEAE Chi, Delta ffi kb A5 #5¢
KAk, Hoh CHgdE Chi, Delta 1 {381k K200 7°, 20°;
G AN 320, 24°. e MBeA W WAL 4, AGCT 4t
] GC B JE{F Chi, Delta, Epsil, Zeta, Alpha UL % Beta ffi
WA R AR A, S G B AEAE Chi, Zeta £ 2840 K2
2y 21°, 30°, C B FEA(r Chi, Delta, Epsil, Zeta, Alpha, Beta
AR K2 30°, 33°, 64°, 87°, 20°, 19°. F T H e il
SEMHLEE M ARAGAR /N, HIETT L, 250 T4 & 350
TAUZJE dJATATCGATAT], 1) GC B &4 T8 K1)
I, UL T 25909 7R GC AT W S (K AH EL AR,
I R I S A5 B S

DNA /NS5 8 )1 250858, T DNA-EE LA
J DNA-Z59110 7 TR A% EEAE M. x5, &
M5 T b R4 A b TCGA  RUBTE ) /N 5
AR AE L, WLIE 4. %7 DNA /NA 52 Xk DNA
WU TiE— 4 BE B IR SR T (O1P)P 5 53 — 4851 Pus
FRIRE B9 22 0.58 nm (BIAMRE S 12147124,

e 4, SR AMBER F27 80 25 I T 514K DNA
R D S -DNA & A XU TiE TCGA Kb 1)/ Be
Ak, W FTR, £ MD AL 1.0~2.0 ns i A 5E F A,
HEY TCGA XUMRJiE 1 /N VA 55 BE AR AP B, FILL AR
DNA HHLLER, /NARI G EAE TCG Bl AL #RAS [ 5 b
g IR U, 294515 DNA 454, 1EAE
FFRUS5E DNA [R/NEIXIE. 28, Jupess
AFESUE 2545 DNA 'R& 4545, 113 TCG IlEAb 1)
NI R FEAE — B R R AR A
22 BRIVCELEAMESS

i 3a iTLLEH, 45 746 10 R T
DNA XUZTE 1) GC LA, 254155 1M BRIERIRIL 5> 51
XF# DNA FIPHAS G 3 iy DRI 3L I 5 /N4 X 38 ) C
BRI B, 801 s U i BERR AT ERFE NI, A 3R A0

Minor groove width/(10719 m)

T T 1
1000 1500 2000

Time/ps
Bl 4 TCGA XU INA BE B I ] 42 £ Pl
Figure4 Time-dependent fluctuation of the minor groove width
of the TCGA duplex at the (a) A-tract, (b) G-tract, (c) C-tract and
(d) T-tract tracts for the free DNA (top line) and DNA-complex
(bottom line).
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Figure 5 H-bond distances between some norfloxacin groups

and DNA bases as a function of time
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