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A,A — [Co(phen),tpphz]3*5 B - DNA tHEE{E BRI 9 FHE#L

(IWPEREDTREEBSET KR 030006)

WE HXERLEYNEBESYF DNA EERLEN S RAS FEUFBRE M2 h5 T, 883 6T F4
&BEAY A, A-[CO(phen),tpphz]** & B - DNA[ d( GTCGATCGAC), | AR , 4K T Xt B A0 B4 FAHAT TS 8. 18
B HR TR AN B-DNA AT, ZE& B AW AW B MWL R EREE, A MRS YMN/PEEA LW BMRE, W
B, B8E¥EE N ATREAER T,

XER £ FHHL,MM2 /3%, docking, B- DNA, £ B T4 4

Molecular Modeling of the Interaction between
A, A - [ Co(phen),tpphz ** and B - DNA

YANG Pin”* XIONG Zhen — Hai
(Institute of Molecular Science , Shanxi University, Taiyuan, 030006)

Abstract Molecular modeling methods have been applied to characterization of the interaction between a chiral
metal complex [ Co(phen),tpphz]** {where phen = 1,10 — phenanthroline, tpphz = tetrapyrido [3, 2 — a: 2',
3'—c: 3", 2"-h; 27, 3" - j] phenazine} and an oligonucleotide (B — DNA fragment). The nature of two
types of binding, a subject currently in controversy, was explored. Barton et al. proposed that there was
enantioselective DNA binding by the octahedral complexes and intercalative access by these complexes from the
major groove. Norden et al. suggested that both enantiomers bound extremely strongly to DNA from the minor
groove without any noticeable enantioselectivity. Our results support and extend structural models of the minor

groove based upon Norden’s studies and Barton’s enantioselectivity model.

Keywords molecular modeling, MM2 forcefield, docking, B — DNA, metal enantiomers
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B %ot 22 TR 5 A T A =K O S 9 2 X i 4R P dppz B R
B—EfAE A, ZRMEEFBERESYS
DNA 15 FI i 32 4k 36 8413 . 5 2 41 K, Norden T 1A
X ERMEY S DNA /E ARt ST Ak e .
i EL At 3t — 25 18 1, 46 AT AR R /DG REAT S

EA5RTERREY S DNA ERARER S,
MAEXEREEYWS DNA WHEM, WRA
Arounaguirl S\ A4 AT T BE ST, SR R TR HE
EWTARR:(1) RBEHFIIMNERESY A, A-[Co
(phen)2dppz** (A R A FIENEME) , TS B 4l
XTBk, BT AARBBERAR FHESY 5 DNAfEA
WSR2 RELEREEEY S5 DNAEA
B RN HEASR, FIARB 4 B 1 B 46 A 1) L
BGESTE LU EE DNA A TR/ (R B3
BTARB)MBEERRET dppz —FF ST 5
B, A B DAFE Sk B R R RSN 48 .

5 dppz U — B4R tpphz. tpphz By FEF
EPEE L dppz HIR, AW AR DNA PR A E
Ky EAE. R, BT tpphz BIRILYEZN , K4S B
REYER—F RIFWE FRBE, FEARYE
DNA B FHBER A B FEZES

®1 HETREXERTFHRTFER
Table 1 Atom types of Co and correlative N

VDW  MaxRing Rect. Type Geometry
Ne, 1.392* — — Trigonal planar
Corigma  1.260° — N-Co 6 Ligand

a. BHKkH Cs ChemOffice ultra FFFE ; b. S8k B SCEK : Joseph, J;
Gajewski, J. Comput. Chem. 1998,19,1167; VDW. % JE F S E44/E
FIA2, 847:0.1 nm; MaxRing: BRHETFHRERAE.

HMZgEMRAFmEHEFLRBONT(REE3L
).

RAVEE, B FHEFER, RITURAE
BN GBEEIF AW RER  EX T
B, RINBEATERNILEYEREELYN NG
SREFERFRUS)UEREHREFEXE, 8
FREITREEMREBHITEOEE, ATiiHEEA
EMEBNERE. RE, EFREMEE TR T,
HBEAWBIREFHERAE, RITHATUER X
NEEER B /ME, LA LB YRR S T DUA R
REBRER . A R ERBERNIFRILILEE.

EHTHFHETEE, EESEN IR
FEEW. EMAGZRANERIIEELER TXW
W00 A3k T R WA LA EE DNA fl & BB &
YR F13%m MM2 1135

A EEE(MHEIESY L, RADFH
XBEUFEARTEEBEEESY A, A - [Co
(phen),tpphz ]** 5 B — DNA [ d(GTCGATCGAC), 1 #
MHEAEF SR, 3Lk Barton 1 Norden B YR & BF
—NEREGH.

1 BEXREFEEMITESE

R & B SY 4L DNA B8 K H
HEHEIERNS TR, RSO R B KA
A #EH A CS Chem3D Pro4.0 #f4.

AXKEABEBREREAELIEABERS P #
17, PR 158 MM2 713 . 7E Bl Docking A2 40133 72
HLRAER NG FREIT .

Eime = 2 24 (A;/1% = By/15 + qugi/ery)
BT W I 2 lennard — Jones 8B, J5 W — W &
Coulomb 58, JEFE BRI B EHIE ¢ H 1.5.

A Chem3D AR THA RLEE, £H
BZEASEP , RITRANERXRSHUWT .

®2 MVM2 BFHESY
Table 2 MM2 atom types of Co and correlative N

R* Eps Lone Pairs Atomic Weight
Neo 1.820°0  0.055* — 14.003°
Copgma  1.260°  0.200° — 58.933°

a,b A% L;R* JET 4, 807.0.1 nm, Eps; %58 EF (hardness
factor) , ‘B /& Epsilon 1M —NHE .

2 ZREFTIE

2.1 EEHRUEERESWHE

BRBRITEHAHN T ENSE, BETFHERER
A, TS TS EERL,N 0 K MR E R
BEYEHNAEREPERES(HRGEBTHE). 3
NEIBHSES IR . FK.2 6, BWEMERE. 10 f,
T B 2. 4,186 8 kJ/(ps - atom) [ 1.0 keal/(ps*
atom) | . NP BRI T BUR G , & — T LR, 45
RAEI HRPEE, EBEMBELEF26.GF U N
BRiEWZ.
2.2 #EEHAH DNA R

ASCHEE DNA FI R 2Bt R 9] i R 2
MNEEE2LSBEREN FTHRE 1029, EFH K
d[ CGTGAATTCACG - GCACTTAAGTGC ] . £ i % %
BRI R EN B IE, BT MM2 I TR F
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BB RILARILE , RITEBE THRE DNA K 5B P MA L2 1%k 4.
A d[ GTCGATCGAC — CAGCTAGCTG ] . 7 X 2 15 7 Bk
%3 FHLERSWMBRLSHR/MER(J mol )
Table 3 The optimal energy of the chiral metal complex (kJ+-mol=1)

EF HF
HWRFS BE/K MRV A WRFS BE/K HIZA 4 AR e
26 28.21 145.907 124.224 9 4 4.97 128.153 8 124.523
46 42.44 175.711 2 127.433 2 24 29.24 143.039 1 124.248 3
68 58.62 203.437 125.741 3 45 40.69 168.592 125.3419
88 81.91 221.619 125.358 2 67 53.35 202.376 9 130.083 9
107 100.03 226.434 7 124.891 88 80.96 213.822 127.690 3
129 125.48 253.816 4 126.312 108 109.8 227.368 8 128.8253
149 129.27 283.8772 131.574 8 128 117.3 250.572 4 125.331
171 151.57 295.014 1 129.730 5 151 135.57 277.544 6 124.139 5
191 188.6 293.366 6 125.572 2 172 161.34 302.803 2 123.820 4
211 202.59 340.843 2 125.843 4 192 177.73 322.697 2 124.429 6
233 189.54 385.76 126.101 211 200.46 307.273 9 124.395 7
253 243.74 361.719 8 125.213 8 231 209.1 368.933 3 127.117 5
271 258.78 156.817 4 124.140 3 249 245.41 362.580 6 134.024 9
293 259.57 418.883 5 126.312 21 262.02 389.4277 126.089 7
315 272.42 376.491 7 131.139 4 291 277.28 396.416 7 129.041 4
341 298.44 413.262 7 125.321 8 308 274.75 415.701 5 126.320 8
1336 338.28 438.190 5 127.937 7 323 295 425.396 5 132.369 9
1344 334.79 60 168.9 142.473 9

IEEA M EEA

1 E&YUARRITEA PRI Z H
Fig.1 Complex intercalates into the base pair by different style
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Table 4 Characterization of DNA
HHE B-DNA
W i6) HEFH
45 I HE I B R A 10
B-EEMY EAES 0.340 nm
WREE 0.340 nm
B—WENEREP RN A E 36°
R REHPFER
pig EHMPER
P BT TR
Rk 1.18 nm

BB ERNEHSENT.

A %8 (GTCGACGTCG) : B — W E R IE P ¥ id
BN 36.70°, F—pE LA MEER Y 0.348 nm,
DNA B2 g2k 42 % 0.949 nm, 5 B 3% B 4549 o vE A
b, R ES BN 1.91%,2.30%, -1.42% .

B## (CAGCTGCAGC) : 55 — i B 72 4R g o ¥ i
HIAIERN 36.70°, F— W E LA KEEE Y 0.348 nm,
DNAZ 7 2 42 5 0.960nm, 5 BT R F 45 # 4r v A0

b, iRE N 1.89%, -0.59% , —0.26% .

B A -3 o BT, PR #E EE ) DNA 21
Hr.

2.3 &E&AYWE DNA RIFHEEERRNS FEM

AT AHER F Docking®) 75 2, BJ B & DNA 4544,
15 795 Fob TP B & ) 20 1 SR B IE T (head — on) #0100 T
(side — on) BN 7 R, N KW /NATEA T 14 3 A B
TR o B %o 1 T 22 1) . [) — b g B v 2 I (4% P A
AFRILE1).

Docking ;3B , e & BE &Y H 1 tpphz 7B
AT DNA B ILEHEAREE RN 9,85
EHH 0.32 nm JFR—MIE, HITHREERK,
BEMEI,Z4PFHEEAATHREA-,A-F
A9 H,S 4 AR IEE MEHHEA K R;9,6,3,0 4
HERBEARE, BMN 0.1 nm; RPBEER
GBI RE R, 307 . kI/mol. XF R ATTHF 75 B B8 B 7 51
M THRIE

12345678910
GTCGATCGAC
CAGCTAGCTG

®5 NKAHE(EERME)A M A- 2R SWENFHHEETERKLEE (K ml ')
Table 5 Optimal energy of intercalating from major groove (kJ+mol™!)

C3G3 - CACA GACA - ASTS ASTS - T6A6 T6A6 - CIGT C7G7 - G8C8
R 0 644.665 5 668.363 2 685.73 663.455 675.572 8
3 604.628 3 682.232 8 674.212 4 606.813 9 632.848 2
6 641.828 9 625.549 8 776.859 5 566.353 630.970 9
H 9 615.350 7 646.696 9 623.198 5 580.561 4 617.320 2
C3G3 - CACA GACA— ASTS ASTS - T6AG T6A6 - CTG7 CIG7- G8C8
R 0 697.457 2 652.748 5 712.072 1 663.072 3 679.353 1
3 684.095 9 606.494 8 583.508 9 535.278 6 638.997 8
6 640.345 9 655.250 5 574.944 617.3742 604.720 5
H 9 648.673 1 635.493 9 577.442 6 615.243 6 673.940 8
C3G3 - GACA GACA - ASTS ASTS - T6A6 T6A6 - CIG7 C7G7 - G8C8
A 0 611.114 6 639.655 5 638.417 1 663.2272 2 951.822
564.716 2 914.012 614.742 668.666 7 —
S 6 3 045.879 — 3370.178 5692.918 —
C3G3 - GACA GACA— ASTS ASTS — T6A6 TeA6 - C7G7 C7GT- G8C8
R 9 617.59 5 626.598 6 622.5194 660.835 7 2 814.839
6 586.265 637.709 9 645.539 7 649.098 4 —
3 637.678 5 575.034 4 58833 43819.982 —
S 0 750.236 74431 796.882 7 — —

FEATRIRE P, AR D B0 #h O AR RO
& HIL, ZR T, TR EBE RN 29.307 6
kJ/mol(7 keal/mol )16} 3 je B+ B Pr B S B 1E
SRy R A R R 2, RATEE , IR E—
TR B & 97 A DNA B2 € SM#8 /1 DNA I #R#E A Y
Docking 32 5 , A 5 B /R 7R BB B 5 T3 A B0 Y BB
BREEMIAMANERBERETH —MIA

IR RBEE )T 30 kJ/mol, B4, A X RIB\A LR
RINE B BARRERT EEALER S ERK
EEHEE - BERENMLE. EFRBERS,
A- , A-TRAEYHINLEEERE S F H29.6762H
29.670 6 kJ/mol, DNA W FRSLBE & o 157.457 9 kI/
mol . H,A- ,A-BREVBEBANEREBAFH
RA BEER A 5% 187.134 1 M 187.128 5 kJ/mol.



1042 2 ¥ i Vol.59, 2001
£6 MNEHE(ETMME)AMA- HESHBNFGEEE K RLEE QT md ')
Table 6 Optimal energy of intercalating from minor groove (kJj-mol™!)

C3G3 - G4C4 GA4CA - ASTS ASTS ~ T6A6 T6A6 - C1G7 C7G7 - G8C8

A 0 746.164 4 757.091 9 757.439 771.692 1 767.995 6

3 813.084 9 793.343 3 7517.277 805.398 767.568 1

6 697.631 4 704.290 1 664.894 8 683.394 2 732.427 5

H 9 694.428 1 592.1115 620.858 5 651.284 4 653.713 1
C3G3 - G4C4 GACA ~ ASTS ASTS - T6A6 T6A6 ~ C1G7 C7G7 - G8C8

A 0 732.420 4 765.62 760.540 6 770.289 1 765.075 3

3 775.549 9 736.956 8 734.491 2 777.797 17 777.761 17

6 668.941 4 639.548 4 659.058 8 723.948 691.201 7

H 9 711.5312 635.463 7 657.275 3 640.353 9 732.971 8
C3G3 - G4C4 GACA - ASTS ASTS - TOA6 T6A6 — C71G7 C7G7 - G8C8

A 0 748.965 8 733.5433 721.5372 742.8359 763.897 2

3 730.129 4 674.105 8 705.720 7 719.292 2 770.028 7

6 667.736 8 713.283 3 684.100 5 718.693 1 623.659 4

S 9 3 643.726 3 730.62 5 606.917 3 413.782 4 319.815
C3G3 - G4C4 G4C4 - ASTS AST5 - T6A6 T6A6 ~ C71G7 C7G7 - GBC8

A 0 742.654 6 730.298 9 709.144 7 727.467 8 733.194 1

3 781.549 5 687.056 706.389 4 691.621 7 754.359 2

6 647.661 1 659.155 1 617.142 7 742.034 1 642.508 8

S 9 8 579.515 6 045.894 6 343.161 6 247.924 8 854.073

MFEIMBTAMYRIA, YHMAEESYEAD
WX A 4R B DR X Z A1 B, & R i A NS5 R 1
T

AEHE, RIHAEMESBAMLR L, BA
A AT BREESYHNBRAEENEEDER,
BABEFE0.3~0.6 nm Z[A].

A, IETE, /N TE A TEAL R G4C4 — ASTS H
ASTS — T6A6 H ,FEAREF 0.9 nm P b, F L Fil
At tpphz H B 522 AZE DNA H1(E 2).

AR, /NAEA FEWFIEA LT P,HPA
7 A ASTS - T6A6 #1 C7GT - G8C8, i AR E#E
0.9 nm Y b, HBPEE A pphz i B £ 1H AT DNA
W,

AEH, KREBAXHBEBATXRAMLR
C7G7 - G8C8 I ABREE 0.9 nm DA L.

BTFAREFHAEEARERITEKPFRE,
AR — BB b, T N9 A L IE T O U
AH tpphz FHEHERASE (B 1) . B, EEE, N
T 7 R\ A B ZEE AR E X 0.6 nm B, tpphz
HEREEA KRS (B 2 4). B eSS R0 T =X
BWAHR , TUAREEBFEBAREH 0,0.3,0.6 nm BT
B XN R,

A, W, /MEEAT, BRA R G4C4 - ASTS
A, AL S IEABREY) 0.6 nm Dk, B tpphz B
BAKRE.

A, S, /NEEATP, BRALA T6A6 - C1GT

A, HABAL R IBAREH 0.6 nm L L, BJ tpphz E
AR,

A, TE, KW A, DT, REEA D, FTE R
A LRAYHBREEEMNERE0~0.3 mZ
A .

BB IR T AE i, 46 A ZE P X X Z A
e, T T 0 00 T8 75 4 A 7 SRAR R T RAREAT RY .
B, EZEEBEA®, BEYHEAEFE N LA
tpphz BB T & MWA I MLAILH 54, MNETEAR
£, EEGZAT, ARBEABRE -4, &
HAZ T ENEHAS, BEYHREEE S LR
1k tpphz BB R & BARALAILE 121, /D BEBEA
B ESZE BT, RATA R, BAX B A5
EAR, /NEEAS R EEAE S HTT.

EMARFEA 0.9 nm

M7 KAEA 0.6 nm

B2 BAYWURFETRNMEEEAFRREXZE
Fig.2 The complex intercalates into the base pair
from different direction and different depth

RITFEEN SRR S WER P, wpphz T4
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B EZZ4% 0.907 1 nm, XN EEE LK B
(2.985 7 nm) /P FERE (1.585 1 nm) EB/NEZ . B
BRER, MRAEERXERE KA, BEEKR /D
HEERAEA . B, BHEANEE HMIERREE
FE. RIS, FERRW I/ NIRAEZHWHE
B, E,BME MRS mB R R, BT RWEA
H/ANBIEAFEEZ WA RAM, i 3 Bik.

(73 4=
B
KRNI 1] IS )
 mem—

bR

B3 WmATRSHEBEFINRIASEE
AN T 160 48 A\ B, tppha 3807 1] 55 9R 2 R 5 1R — B,
B BAERIZ 8 A 55 7= A T e e i s T R W 05 1 MU AR R
Fig.3 The orientation of the intercalating and the base
pair and the saccharide ring
When intercalating from minor groove, the direction of tpphz is same
to base pair and saccharide ring so that high energy is not easy to get;
but when intercalating from major groove , the case is

the other way round

MU SIS, RITETUF BN EALE
HERAYHBEXERSMATRAYHPES, XH
sk R gEA 5
2.4 IENFI/E DNA £HI0TW

B4 BiHARE DNAWEWE . HET R, H
AEBREY G, DNA REBMWEHWER 7B ®
ANERERESEBARSYEEAR LHAT —
£, HoAh 7 5 _E DNA %5 # N A R4S

3N ETHIDNA

8 J& BIDNA

B4 EAHG DNA HHH K
Fig.4 The difference between before and after the
intercalating of structure of DNA

25 EREAVHIKEREMEEERLCSN
H—F o

EEZHSBEEYS DNAMEERER,BAL
K25 0.3 mm, AIERP KEB AT AREEIRH&E
BESYRISLIREREYE XTI, RATEI T AsTs - TeAs
XTSRS REEAA AN E R, RS
RINKT.

RT AT - TAs R thiF g EER AT HEE
Table 7 Calculating result of enantioselectivity and
the most optimal interaction site in region AsTs — TgAg

E/(kJ*mol~1)
#+/10 nm
A~ [ Co(phen),tpphz]®* A - [ Co(phen),tpphz]**
1 741.941 1 743.981 8
1.5 731.149 3 730.253 3
2 696.732 9 721.894 8
2.5 695.452 6 677.888 6
3 613.236 8 612.990 2
3.5 581.530 2 603.988 6
4 582.197 1 587.402 6
4.5 590.738 6 600.809 6
5 615.793 3 633.309 6
5.5 570.510 5 473.725 §°
6 531.306 6° 477.396 1
6.5 556.906 4 507.440 2
7 559.701 1 526.506 8

a; BEFREERS/NME

MR 7T BIEWT LLE W, 8 A B RAE AL B N IRTE
AW EHEE. BT A - [ Co(phen),tpphz]** A
2l DNA WAL RERBBI BT A - [ Co-
(phen ), tpphz 1P, B3R, EHEA T B F, A - [Co-
(phen),tpphz]** B b A — B R E 5 47

3 &Zit

MU BT L, FHEREESY A, A - [CO-
(phen),tpphz >+ R A5 M 3 X 8 3 %t 2 18] 3% A IE T
REE WE 7 iEA /DM A T MRIER R EEDE
AR/ T Z, b BIRUE 3 35 AH B4R R B A 3847 s 78
SEARBEREME B, A - [ Co(phen),tpphz ]+ B S G % .
B, 56 T 4778 1 I 70 U 18 35 F il A 5 A B iR R
P ERATH 45 R 325 Barton M & ERE, EX.
NYE R b, BATHI S5 R 3 #F Norden HIWE A .
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