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DNA Minor Groove Binding by Diamidine: Water Molecule in
Ligand Recognition

MA Guo-Zheng" QIU Ya-Fang NAN Jun-Min XIAO Xin
(School of Chemistry & Environment, South China Normal University, Guangzhou 510006, P. R. China)

Abstract: Molecular dynamics simulations were used to investigate the interaction of DB921 with the DNA
oligonucleotide [ CGCGAATTCGCG],. A 7 ns MD calculation was performed to study the DB921-DNA complex and
the results indicated that DB921 was inserted in the minor groove of DNA, binding to the region of duplex AATTC
bases. A water molecule forms bifurcated pair of H-bonds between the N atom of benzimidazole ring and N3 atom of
the adenine 5 in the DB921-DNA complex. This water molecule performs a key bridging role which induces a more
favorable curvature configuration and matches well the DNA minor groove topology. Molecular dynamics studies
complemented the structural analysis and offered a clear picture of the water-bridge, providing the theoretical guidance
for the design of biologically active minor groove agents.
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RIAbA WA BB AT A s s v, o, R
KUK EL 26 76 A 25 R P 4 9% (human African
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PR I ke - — 2R B — kb & ¥ DB911 F1 DB921
55 AT 2k DNA 1/NEZ5G 50, R —RIL)
DBO11 HA A AR, 1 %7 — 2K 5L DB921 N Ky
HE -, Wi, G X-S 4 AR Ss it
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Fig.1 Structures of DB75 and DB921
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AT 7 ns R BRI 4: B0 ) 2F LT TR LR,
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Fig.2 Root-mean-square deviation of DB921-DNA complex from the initial structure as a function of time
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H1ER. &5 kb 59 DB75 5 DNA /hf
ghfy, il DNA 9 AATT BfE/INA F8 AR %S, 1 B2k
R DB921 73 F, B AR T RIJF A fE 5 DNA
F /N BRI A, {H A DNA 19/ 8 58 )3 A8 AL ok
%, DB921 4+ 5 DNA /NA IR AATTC 5ifi LA
HAER, fHTE AR, XU A e s FiES
DBO21, fifi H 5 DNA /MBS 4. AT R, 7
DBO21-DNA & & ¥+, f — K4+l & 1 i
DB921 5 DNA f A #8394, DBO21 i i /K 4
TR %A S, 5 DNA /N BAE N, M5
DNA /INA ) AATTC BlFEA 5838 45 A 1F .
HFEAYIRZR MD 7E 200 ps stk 2IF0E, M
MR 1.0-7.0 ns [8]4055 6000 M5 (LT SCEk
PRBCE 454, | 4(a) b 1.0-7.0 ns AY MD #4505
DBO21-DNA & &k 2 (- X 4k s 2 8. i B
7K, DB921 43 F 25 G HE U E d[CGCGAATTCGCG,
/NI DX 3k, 5 B i 55 A — Rk A 0 dn DB75 4§
5 DNA /NAZEA W RIA L, T DBO21 J& H 4k
A F L S REFD DNA ZINJA 8 00 #4 L AR ) 4
DBO21 43 F Hh R BRI 1) — i /T SR 45 5 7F DNA /)N
W3k, R IR Y N2 JE T [ B 5 DNA 1 7 £
19 3 T BRFEY O2 Jit T Bl 6 > Fa e 1) S B (L I

4(b)); T DB921 43 rh — 2R L% — i A DNA /)
WEZAM T, 5 DNA /NSRS A B B .
Rt , (AN N 526 0 1 ~F- 28 25 Al FR AT AT LA
DBO21 5 DNA /NA LA AT, ANREVE N R 4T
DNA /NAZEE 7). AL MDRE -2 254, FeAi]
NArHT T DBO21 M5 A 5 LA K A DNA 1)
SRR, 198 T — Ay BN AR, TR L
B T /K 7>F1E DB921Yj DNA /N 255 i) E %
1EM.

2.2 DB921 ZEM AN

WX DB921-DNA & 4% 7 ns 1Y MD 4,
MWE AP 25 BT U Y, DB921 431 % 45
475 DNA /NA X I, DB921 il 1+ 7K 43 F DL A B %)
TERMITHFIEES, 5 DNA /NAE AATTC Bkt
AEAEH, W 4b) B,

[FVF 22 2 ML 05 75 — kAb & 125401, DB921 7%
FEBKmR A N2 J5 7[5 i F DNA B 7 720 19 f7 T
B O2 IR I8 s A~ S, &2 G Wb A S
IR R N 0.275 1 0.306 nm. DB921 K | i —4>
C JZFH1 DNA A9 20 v T Bl 02 BT LUK 6 fif
A B N3 i [l B A~ e a8 2, A
R U A S 2 B o 0.285 il 0.318 nm. [F] B,
DBO21 P sy 28 & (1 AU i F-, o — 5 5 DNA /8 fif
T BRI 02 JiFIE A i, &6 b & Bn 1
FE A 0.283 nm, 55 — i@ 7K 4315 DNA ) 5
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Fig.3 Minor groove width for the time-averaged structures of the DB921-DNA complex
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(a)

7 A B N3 R FIE A, AW A s r
PIFE B4 0.329 1 0.294 nm.

KM K 4> F 15 DBO21 — Ui g K &5 7 LA
KK 4315 DNA B 5 07 A Bk N3 J5i7-a] i e 2,
RIK G B SRR A T BR 08 I E  F2 2 Hb A7 7E
miE 5 FiR.

MK 5 ATLLAE H, DNA /Y 5 {7 A Bl 2k N3 J51
K4y FH AR T 1 B 2 K 2 7E 0.293-0.474 nm
Z ], SERHE 25 0.294 nm, 1] DB921 (&5 T FlK
R 2 E B R B R 2 7E 0.255-0.384 nm
Z 8], SEHIHEES 0.329 nm. MK 20 F7E DB921 5
DNA /]NE 454 i3 15 A 5 1) SRR RS T B 1)
YEH, TEZX PR B FETE, 115 DB921 4 F-if i
IKAFF I E T 5 DNA /N A A AR IE 1%, LA
ISk 5 DNA /NAISE 4

0.40 DB921 N---WAT

0.35
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0.25 6;
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t /ps
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Fig.5 H-bond distances of the water bridge as a
function of time

(b)
El 4 (a)DB921-DNA £ &8 EHLEHFI(b)DBI21 WA S R TEE
Fig.4 (a) The 1.0-7.0 ns time-averaged structure of DB921-DNA complex and (b) DB921 binding to the AATTC
region of A[CGCGAATTCGCG],
The H-bond is shown by dotted line.

3 & i
SR H A A DNA /NA 45477 DB75
Lb, HZAS A kb G4 DB921 43 FH IF A g
'? DNA )/NEIEIARVI G, t iR 5 5 DNA /N4
B 454 S8 N, ASCGE T 7 ns 43T 8h J1 2450
DB921-DNA & & ¥t 58 & W], DB921 4 1 /K
B 5 DNA /N 5A B3EZE 4, K755 DB921
43 F 55 DNA [A/INEISA BIAHIE N, 5 DNA /NG5
) AATTC Bl 480 A4S A7 . H vl LA,
W @A ). HEiEER) Bk DNA /N2
G, fE—2edE A AR 5 DNA /N SR FRAS
T AL G, K FA T RERR 35 ZCE M

PUIER.
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