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Minor Groove Binding between DB818 and DNA: a Molecular
Dynamics Simulation and Binding Free Energy Analysis

Ma, Guozheng™ Liu, Cong Qiu, Yafang Nan, Junmin
(School of Chemistry & Environment, South China Normal University, Guangzhou 510006)

Abstract Molecular dynamics simulations were used to investigate the interaction of DB818 with the
DNA oligonucleotide d[CGCGAATTCGCG],. A 5 ns MD calculation was performed to study the
DB818-DNA complex and the results indicated that DB818 was inserted in the minor groove of DNA,
binding to the region of duplex AATTC bases. The enhanced binding of DB818 to DNA is primary due to a
more favorable curvature contribution and matches well the DNA minor groove topology. The bifurcated
pair of H-bonds was formed between nitrogen atom of the benzimidazole ring and oxygen atoms of the
thymine 7 and thymine 19, and other two specific H-bonds were formed between nitrogen atom of the
amidinium group and oxygen atoms of thymine 20 and cytosine 9. Furthermore, the binding free energy of
DB293-DNA and DB818-DNA complexes was calculated with MM_PBSA methods, and all of results were
consistent with the literature data. Thermodynamics analysis showed that the enhanced binding of DB818 to
AATT was due to much lager entropy and less enthalpy contribution. Molecular dynamics studies comple-
ment the structural analysis and offer a clear picture of the complex, providing the theoretical guidance for
the design of biologically active minor groove agents.
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Figure 1 Structures of DB293 and DB818
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Figure 2 Root-mean-square deviation of Drug-DNA complex
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Figure 3 Minor groove width using curves for the time-
averaged structures of the DB293-DNA complex (circles),
DB818-DNA complex (squares)
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Figure 4 (a) The 1.0~5.0 ns time-averaged structure of
DB818-DNA complex and (b) DB818 binding to the AATTC
region of d [CGCGAATTCGCG]; (the H-bond is shown by dot-

ted line)
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Figure 5 H-bond distances between N atom of DB818 and
DNA bases as a functions of time
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A(AH)=AHpps1s— AHppos=—6.16 kJemol ', —A(TAS)=
—[(TAS)pps1s— (TAS)ppaos = 14.22 kJemol ', MIfi 7] LLIIF
1. DB8I8 [ —(TASM &G otk = FAEH, T AH
TR /. Ktk DB818 5 DNA 1454 [t DB293 58 1J iA
h R MR IR B 45 A A I 2.

# 1 DNA-DB293 A4 MM_PBSA 15 1ffigE ¢
Table1 MM PBSA results of DNA-DB293 complex

o DNA-DB293 d(CGCGAATTCGCG), DB293
Contribution — — —
MEAN/(kJemol ") STD MEAN/(kJ*mol ") STD MEAN/(kJemol ") STD
Enu 233.84 0.35 5646.02 51.82 —394.38 2.17
Gronpolar 148.32 0.19 141.04 0.18 12.13 0.01
G —23361.33 32.43 —27471.01 43.00 —770.40 1.00
Golvation —23213.01 32.36 —27329.97 42.90 —758.27 1.00
TS 2739.52 3.18 2629.60 2.54 208.99 0.26
Giot —25718.69 —24313.55 —1361.64
AGhing —43.50
Experiment!”! —40.17

¢ Evm H 93T 171, Gen AAEIFILEE, Guonpolar WAFMNERFILHE, Gior AR AU IITHELAE, AGuina FHRHE 22 (6)HI 5, Experiment Jy SEHAT,

MEAN Jy V3548, STD JytrifEfhiZ.

&2 DNA-DB8I8 E5W)I MM_PBSA 5L fiE R ¢
Table2 MM _PBSA results of DNA-DB818 complex

o DNA-DBS818 d(CGCGAATTCGCQG), DBS818
Contribution - - -
MEAN(kJemol ") STD MEAN(kJemol ") STD MEAN(kJemol ) STD
Evim 16.40 0.06 5608.32 51.67 —598.52 5.01
Ghonpolar 148.20 0.21 140.92 0.19 12.26 0.01
Gpp —23394.88 34.94 —27492.52 47.45 —764.33 2.24
Gsolvation —23246.68 34.94 —27351.60 47.46 —752.07 2.24
TS 2706.84 2.81 2579.23 3.21 212.46 0.31
Giot —25937.12 —24322.51 —1563.05
AGbind —51.56
Experiment!*”! —48.12

“ Emm K> T I156E, Ges AMAEEFILEE, Guonpolar M AFBNEAFIMLAE, Gior AR AN BITHFAE, AGuing F AR 2 20(6) K TH57AH, Experiment J SEHHH,

MEAN Jy~F3{H, STD JyhrfR 2.
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TIEH 4 M FaE AU, SR AE7E, %) DNA /N
DU /) 5 DB818 A& Ak T HE/EM. JF H, it
MM_PBSA J7 AT A IR G456 B e
BT, FAEMES AL BERIVa A ) R R A
0Kz )7, DB818 5 DNA [M4h& [ HifE, 1A 5 KM
(L vTmR, L DB293 (W44 H AR, Xt AeE
% ] T DB818 Lt DB293 % & AT ik DNA A i
MasE 7). BATHEEEIN A, BITRESE S DNA /N4
WM GG 005 B A, EERNEW T
B 45 B R SR A TR BB 2K
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