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ABSTRACT. Molecular Orbital calculations using the SC-MEH method have been carried out for
the interaction of Adenine, Guanine and Cytosine as DNA base and diaminecytosineplatinum(DCP)
in various conformations. The results showed that the order of DCP binding to the DNA bases was
guanine >adenine > cytosine and the stabilization energy of cis-isomer was larger than that of trans-
isomer in the adenine-DCP complexes system. Furthermore, platinum(II) binding to DNA bases markedly
gives rise to change of atomic charge in DNA bases ring, which can explain anti-tumor activity of plati-
nurm complex.
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Fig. 1. Platinum-DNA base bidentate bondmg geome-
tries. {(a) Intrabase bidenatate geometry{with guanine);
{b) Skeletal intrastrand bidentate geometry; (¢) Skeletat
interstrand bindentate geometry.
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Fig. 2. Possible geometries of [PUNH}ACytosineX[DNA base}2+ (DNA base:Adenine. Guanine, Cytosine) on the bin-
ding sites, and Head-head or Head-Tail form. [-VII{: Pt-Adenine complexes, [X -XI[: Pt-Guanine complexes, XI1-X-

II: Pt-Cytosine complexes.
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Fig. 3. Stepwise formation of 1:2 complexs, ¢/s - [P{NHgA1-MeCHDNA Base)]’+.

Tuble 1. Net percent orbital contribution for FMO and the lowest transition energy of (PN Ha}A 1~-MeC)J2+ moiety

Complex Level Energy (-eV}  d\, dy: dyy da  deg 6s 6, 6p,
¢is - isomer LUMO 10.2230 08 - 0.7 - 33.0 8.5 - 22.3
HOMO 12.9537 - - 22 - 0.1 - 0.1 0.1
E=Epono- Epumo=27307 eV
truns — isomer LUMO 10.4922 3.1 -~ - - - - - 0.1
HOMO 13.9612 - 11.0 0.1 — 1.3 0.1 -

£= Epono - Erupo=34680 eV

Tuble 2. Atomic charges and Net total electron population of Pt atom in [PUNHyA1-MeC)]?+ moiety with isomers

[somer Pt-Atomic Charge Net Total Electron Population
cis = [PUNHA 1-MeC)2 + +0.5802 54(8.4906} 65(0.6672) 60.3204)
trans - [PENH 4 1-MeC))2+ +0.5480 548.4814) 6:(0.7371) 6(0.2905}
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Fig. 4a. Molecular orbital energies of free-adenine and Pt- Adenine complexes.
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Fig. 4b. Molecutar orbital energies of free-guanine,

Head-Tail form and bidentate complexes with guanine.
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Fig. 4c. Molecular orbital energies of free-cytosine,
and Pt-Cytosine complexes.
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Tuble 3. Total energies of [PYNH)A1~-MeCYDNA Base)J¢* complexes on the binding sites and conformaions

Binding Type Adenine (-eV) Guanine Cytosine
Site s~ isomer truns — isomer {-eV) (-eV)
N7 Head-Head 3403.3044 3396.6045 3726.7205 3217.4158
or N3 Head-Tail 3379.7734 3334.48%0 3777.1726 3264.1621
N1 Head-Head 3461.0979 3148.1785
Head-Tail 3465.7651 3426.5972

Ho} Z7] dFoll $A4Hq 73% F2z= H-T #
dg & 5 9k
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Aitel] a}E HAATFRE wlRele B®, DCP-Gua-

nine 2H&-2] MO dlvix) £417} 714 U2, 328

DCP-Adenine, DCP-Cytosine 2Hg2] 4ol 9]
3 A2 5 DNA baseol (1) ZHE2] w9
guanine¢] 7}3 $-413<) based§ & F Utk

Adenine, guanine 3! cytosineoll DCP¢| uj4]|
olgt «12] 71%] 7153 8l (conformation) o4
71 A% TF2F 2] sk orbital ¢y
2)2] & Table 39| vehlisich. Adenine2| N72}
N1 =iejel gk DCPe] ¢ N1 A3i=ieid @47}
N7<d Myc) o & QA2 E 7M. o] RS
Stevensol oJ#] A4 N7x.c} N1¢| Adtdlui=)7}
o ZA Jehe AT F dAgR

=%, DCPs} adenine®] 2% H-Het H-T ¥
B7} 7F5ddl, o5 Yelol Alg WA E vt
N7 $i3)e Pt 2% H-H ezl fe)skxg,
N1d4+& H-T Heisb $4d3o]c}

8, DCPAlA  trans-0] A (—~2382.79 eV) 7}
cis-o)| A (—2338.74 eV) B} ¢F 44 eV AT ] g}
8oz F 2k|4l, adenineo) ¥j$]EiH 2 3]¥
cis-2AHE-E0] trans-FES R} of 40eV ] Z 2}
Az E el o)A ds-o)AA7E DNA
baseell ™) 3 wi91¥ 5= g1, DNA #HAd| of &
3 qe vehdch
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43t 39t H-T ¥ei7} H-H ge e} < 5056V
] Aslel 39, cytosineo] MR A ST
H-T 7} H-H Seide) 467V o) 2 43}
AJIAE AN 2g H-Te] +43 +x7F & 7
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Tuble 4. Stabilization energies for the most stable com-
plex in interaction DCP with DNA bases

Stabilization

Complex DNA bases Eneries {eV)
[l Adenine 106.6241
[X Guanine 239.7191
Xl Guanine 285.1128
XIN Cytosine 83.1437

Al 7§¢] DNA baseell W3t DCP2) A4 =
7|& vlaEslzl 913k, 2z} basegoll Rt <A ol
V2| & Table 40 veld et o] 32 DCP2} DNA
base®] o\i=] §3} Pt-base 2HE2| ohfA)7re] i}
248 P, 9D HEel Ayl i
base 52 AAAE veld 5 ek ol WA
sdhyzj2] £+ Guanine)Adenine)Cytosineo] 32,
o)7L spectroscopy el sl B3R Aj} &
Mep g da)gep, o2 ZAoEHE] DNA base
Sl WD FES] wi9le guanined| ] dold
#go] 71 =t

Pt-base 2HZo) A Pt-N 32 P-09] A#4E Ls-
wdin populationol] 2] 8fe] B-43}le] 2, Pt-Guanine
B ol thyt Lowdin populationg Table 59 +}
ehfisich. Pt-N73 Pt-O6 A2 F83H o2} n
Ae-& 23sted, Pt virtual 6p-orbitale N7 32
062] atomic orbital®} o9} n Al 7143t gt
dx}3el APHL A|Zule|n], ©]RL guanine}
MO el HOMO 2217} o orbital 44g 713
Ro Ry 4 &=qdch ¢)2]gF APA-& Adenine
% CytosineAoll W& GuanineA| ¢ #41¢ 7
g2 ez QFsA 4tk

WD 2E9 3t DNA basezhe] pair-
ing& HAFs F2AYA] F, cytosine] N3
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Cytosine®] Interactionoll g HAF=

Tuble 5. Lowdin populations for Pt-N7 and Pt-06 bond in [P{NHy)2-Guanine]+ complex{X1}

Pt-N7 bond Pt-0O¢6 bond
N7 Pt Population Qb Pt Population
2% da 0.2068 2s dyy 0.1363
dy_ 0.4614 d 0.2632
b3 0.5061 daoy 0.5057
60, 0.4861 6y 0.5560
6py 0.5289
2P dga 01880 2, Aoy 0.1912
Aoy 0.9103 6 0.1850
6y 1.5972 6p, 0.3153
p, 1.4862 ’
20, Aoy 0.1863 2s dyy 0.1230
6s 0.1849 dza 4.2252
6p, 0.2321 dey 0.84765
6s 0.5912
6p, 0.2879
2p, dy: 0.1187 2, dy 0.1156
2py dyy 0.1232 2p, d. 0.2782
6p, +.1199 6, 0.3118
2, dy 0.4930 6py 0.1313
6, 0.2884

Tuble 6. Atomic charge for free-bases and the change in atomic charge for these atoms in Pt-DNA base complexes

system

Adenine System Guanine System Cytosine

Atom free-Aden. A(D ALl Atom  free-Gua.

AlX) AXD Atom  free-Cyt.  AXIID

N1 -0.0368 -0.1161 -0.0443 N1 -1,2246
2 0.3192  0.0251 -0.0103 H1 1587

H2 -0.0733 -0.0314 -0.0425 C2 .4240
N3 -0.3806 -0.0446 -0.0477 N2 -.2985
C4 0.2705 -0.0090 -0.0091 H2a 0.1475
s 0.1261 -0.0058 -9.0265 HZb 01508
C6 0.2970 -0.0014 -0.0017 N3 -0.4287
Né& -.2936  0.0044 00513 C4 0.2781
Né& -0.2936  0.0044  0.0513 C4 0.2781
Héa 0.1438 -0.0411 -0.0336 cs 11203
H6b 0.1485 -(h0264 -0.0324 C6 (1.3667
N7 -0.3865 -0.0300 ~0.1295 (0.3 -0.5440

C8 1.2858 -0.0124 -0.112 N7 -0).3550

HS -0.0678  -0.0382 —0,0550. 8 0.2643

Ng -0.1795 -0.0532 -0.0714 H8 —(LAKTY
N9

-1.0470 -0.0828 N1 -0.1604 -0.0562
-1.0227 -0.0374 C2 0.4675  0.0054
~.0125 -0.0037 02 -0.5739 -0.0109
-0.0353 -0.0607 N3 -0.3807 -0.0920
00208 -0.0167 4 0.3207 -0.0220
-0.0228 -0.0208 N4 -0.2755 -0.0188
~.0353 -0.0567 Ha 0.1405 -0.0426
-0.0134 -0.0850 Hh 0.1494 -0.0268
-0.0134 -0.0850 Hb 0.1494 -0.0268
0.0260 -0.0158 C5 0.0456 -0.0037
-0.0062  0.0283 H5 -0.0732 -0.0421
0.0067 ~0.1539 ce 0.1959% -0.0124
-0.1321  0.0852 H6 -0.0563 -0.0429
0.0133  0.0355
-0.0590 -0.0496
-0.1801 -0.0709 -0.1029

s} adenine#l N1l 9Z(ID)2Hg-o] 23 Adsto
#2748 walstee W DNA mispairing® 22
e wyldege A9y £ sl 974
= WF(D 2HE2] w$jel 71203 DNA base] 33}
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Fig 5. Atomic orbital populations for hydrogen bonding
between guanine and cytosine. (A) Guanine-Cytosine
unit in B~DNA: (B} Principal hydrogen bonding scheme
between the N7 platinated guanine ligand and cytosine.
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