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Molecular Mechanics Study on the Recognition and Partial Structural
Repair of Cyclobutane Pyrimidine Dimer Including Double G:T
Mismatched Pairs by the Chiral Metal Complex A,A-[Ru(IP),dppz]**

CHANG, Yong-Long ZHANG, Cui-Ping YANG, Pin*
(Institute of Molecular Science, Key Laboratory of Chemical Biology and Molecular Engineering of Ministry of Education,
Shanxi University, Taiyuan 030006)

Abstract The cyclobutane pyrimidine dimer (CPD) is the chief tache when ultraviolet ray damages DNA
that could lead to skin cancer. XPC-hHR23B complex was used as the initial recognition complex of CPD.
But its recognition efficiency was very low. This article firstly studied on the recognition of the chiral metal
complex A,A-[Ru(IP),dppz]** to CPD double helix DNA including double G:T mismatched pairs by mo-
lecular modeling. The results revealed that both of two isomers of [Ru(lP),dppz]*could recognize CPD and
the interaction was enantiosel ective, groovesel ective and sitespecific. We aso found that the shape of two T
bases forming CPD changed from mouth shape to approximate parallel shape after A-[Ru(IP).dppz]*"
intercalating DNA. That was the initial conformational repair.

Keywords metal complex; cyclobutane pyrimidine dimer (CPD); molecular modeling; setric hindrance;
electrostatic interaction
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Figurel Theformation of cyclobutane thymine dimer
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16 A~ Na' &1k PRIk 2 rhly 47 L ¥ DNA S BEFI AT IF
B Ru(ll). 78 U0 Ak 5 B 5 e /M R Tk 7 T 46 7 ek
foe, A6 H B BE R Bkt 5L, B2 RMS {H/h T 20.93
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A-[Ru(IP),dppz]* I fE B34 232,53 kImol. g2,
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Tablel Potential energy of A-[Ru(IP),dppz]?" binding with mismatched DNA from major and minor groove respectively (kJ/mol)

Major groove
TsTe
7960.1
7729.0
7567.5

Minor groove
TsTe
7363.2
7886.8
7565.8
7496.3 7838.7 75419
74783 8165.6 7662.9
7336.0 72125 7489.6 — —

G,CS
00° 8029.6
02 7989.8°
04 7998.6
06 8043.0 7746.2
08 — 7782.2
10 — — 7416.8 — 7476.2
12 — — 7660.8 — 7510.1 74921 7766.3 7600.5 72928 72619 7593.8 — — 7891.9
14 — — — — — 7569.5 — 7672.1 74105 — — — — 7932.9
6 — — — — — — — — — — — — — —
A RORINGELL, A A, BRI B kImol; © R S HEAE AR L A (RS RE AL
£ 2 A[Ru(IP)dppz]* 545 H. DNA MK/INA T 1) 43 S F I i R4 (kdmol )
Table2 Potential energy of A-[Ru(IP),dppz]?>* binding with mismatched DNA from major and minor groove respectively (kJ/mol)

CaAs
7841.6
7793.9
7782.6

ATs
7788.5
7652.0
7632.8
7518.1 7496.3
7390.8 7567.6

TeA7
8550.7
8298.3
8084.8
7822.8
7550.7

ACq
8591.3
8322.6
8068.1
7808.6
7568.3
7500.1 7632.8

CsGy
8729.9
8494.2
8172.7
7898.1
7706.4

G,Cs
8416.8
8120.8
7874.7
7825.7
77311
7613.5

CaAs
8334.3
7989.4
7747.9
7610.1
74716

A4Ts
8020.8
7738.7
7588.8
7540.2
7274.0

TeA7
7883.1
7735.7
7763.8

A:Ce
77533
7525.2
7480.8

CsGy
8446.5
8117.5
7929.1
7875.1
7886.4
7869.3

Major groove Minor groove

GC” CAs  Ads  TsTe  TAr  ACs  CeGo  GiCs  CAs  AfTs  TsTs  TA7  ACs GG
00% 8032.5° 7850 7797.3 79919 86554 8619.8 87253 8529.4 84160 81556 81116 79325 79057 8515.2
02 80329 78023 7634 77805 8398 83515 8509.3 8221.3 80539 7887.7 7837.0 78014 7597.6 8187.0
04 8059.7 78044 75951 76495 80409 8073.1 82293 7957.6 7763.4 7630.7 7646.1 77315 74695 7937.5
06 8125 78504 7464.1 7506.8 7927 7810.7 7917.8 78852 7587.1 7554.1 7596.8 7793.1 75331 7865.1
08 — 7886 73594 7487.9 78525 76047 7739.9 7866.7 7526.8 7427.2 7632.3 — — 7945.9
100 — 7890.2 7404.2 75315 76231 75034 7725.7 76495 73489 7363.6 — — — —
12 — 7940.9 — — 7500.1 7556.1 7799.8 75675 7510.1 7419.3 — — — —
14 — — — — 7490 — — 7563.7 — — — — — —
16 — — — — 7464.1 — — 7543.6 — — — — — —

A RBAIRNGRIE, A A FARHAR I, HRh kImol; © M8 IR i AT N BB AL (B RE 1.
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£ 3 A[RU(IP),dppz]®* K4 J7 45 N B AgTe/T-Ge 10 453 11 1 41 B 45 15 (k/mol)
Table3 Detailed energy distribution for inserting A, Ts/T-Gg by complex A-[Ru(IP),dppz]?" in major groove orientation (kJ/mol)

00 02 04 06 08 10 12
Total 7788.5 7652.0 7632.8 7518.1 7390.8 7416.8 7547.8
Internal 2575.2 2550.9 2581.1 2580.3 2610.3 2651.8 2694.9
Non-bond 5213.2 51011 5051.7 4937.8 4780.0 4764.9 4852.8
VDW —4.6 49.4 91.3 96.3 82.9 28.0 41.0
Electrostatic 5217.8 5051.7 4960.4 48415 4697.1 4736.9 4811.4

F 4 A-[RU(IP)0ppz]*" I/NE T 3N E ALTs/TGe 7 11 14 6 175 (k/mol)
Table4 Detailed energy distribution for inserting A, Ts/T-Gg by complex A-[Ru(IP),dppz]?* in minor groove orientation (kd/mol)

00 02 04 06 08 10 12
Total 8020.8 7738.7 7588.8 7450.2 7274.0 7212.5 7261.9
Internal 2558.9 2543.0 2551.8 2563.9 2611.6 2621.7 2659.8
Non-bond 5461.9 5195.7 5037.0 4886.3 4662.4 4592.0 4602.1
VDW 222 53.6 105.5 91.3 58.6 71.2 339
Electrostatic 5439.7 5141.7 49315 4795.1 4603.8 4519.6 4568.2

i NHT, B DNA NG & i & ) 10 1R &R R =4
11919.84 k¥mol.

4 SH5iTE

WL o I P TF 1k Se A A BB e AR &7 il
% o/ AR AN B BISEHER Y, HLAR NS 3N R 1 AR
EEART4i AT DNA & BRSY5 Aftm 2, B
Je T AR ), B NGRS AR AR, HA
AU G TF PR B IR R, AT ) DNA 7
H1 2 PSRRI, 4 TG o e 1 R A FH AR i
X FRHAEAE P AL, {H 2 T CPD [ i, DNA XUIZ i
v FEARL Y, TR B el T BT 00 <6 e G 4 0 il B P A4 AR
AU VR Ik R () A B, ANGR B — 2 1A,
RURRSEIE, B [RU(IP)dppz]® " 1) 2 5 ) 44 ot 45 1 AR 1A
5, ARSE NG T T U S R AR AR X 3 AgTs, 1A
SRR Akt SN E R T AT ARV = L d I VAU S i O = NE L
Frftht CPD {EH G ReE R, B FRAILT o8
FPEERENE. VR R AT R BRI A YIS
N JEE M e R g 2 ) BELR B0 e T TR A FH 1
i, R AR AR — e B AR T . AL,
BAVE KRB, B A4 A SUEJE DNA J&, Tk CPD )
PIAS T BESTERR A T AR, AT IE R E AT, 12
BeA W0 CPD 7ERy Y BB 5. TR INHE R, X —
1& 5 He[Ru(phen) dppz)? % CPD 15 5 B pi— 46129,
4.1 GHEFHEIR

P56 /N 7 1) 4 NI 45 SR TR 2L e s T AR 4L x
AU A 2R RO IF 5 45 e — BT, A T
SR A MR, dppz IR EARZ N 4.92 A,

IXANKUE LG KV 5 1 (29.857 A) . /INA) 55 i (15.851 A)
w2, i, WRAHRIXEN R, B4,
WK MNAFREEMAE . AR, Fmdi A iE A 1L
EAE I EAAAE. BT 322 AR LA FH R AT
VRIS 77 TH % %2,
411 =148 EAR R

2 dppz FCARMORIE T R BEAT 4N, Bl &)l
BEORIEE g, A NETT a4 NI, dppz #di A TJ7
o) B AL R TS 1) 8, P BLEATZ AN AR e
Fefuh, B PRI E NI 2 (W] 4).

BB
L
KGHEFN NEATTEHEN
>  —

B4 PSR NETT N EEHERR B A7 PR i 1
Figure4 Steric hindrance when the complex was intercalated to
DNA from major and minor groove respectively
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MOEAT RN B, R T B TR R

XFF B-DNA, &AL N DNA BBiEj5, i
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BCXT ) G i T ke e I B, XS T Sl A2 T b
RO, AEXGIT Btk Wobble FUxt 47, DNA
A G WE). 5 [Ru(phen)dppz]® AKX —A&
AT A-F B I TC S AN FRAR B b 55 RUBR T UL AT, =1
FEARAR R 2B AL BHL, - JH B350 110 9 Al B P 52 38 1R it
HIFF e, E R4S A RCAR dppz A HT i l, S
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MHBE &% 5 DNA EH M = i Ik F,
A-[RU(IP),dppz]** i A CPD J&, ‘& [ WA Bh e 4 1P 73
S ToTs 5, 1 A-[RU(IP)dppz]* 4N G 5 ALGe 4t
W 5). WERARIER L BRI K, 7E R AR A I e
BN, R I A S A L, A i ey Sk B K[ = ) B
[RItk, A RAH AR SR, 22 FRea90 58 AL ds.

Bl 5 [Ru(IP),dppz]*" /N7 IS CPD ) ATs Ak % i)
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Figure 5 Steric hindrance when [Ru(IP),dppz]® " intercalated
DNA from minor groove (left: A-, right: A-)

43 FHREER D

ST VAN RE R b, SCRFLL S E. R 5N
A, A-[RU(IP),dppz)®* 43l IV 7 TR AE A QT s A7 st b A
FIVENRE RN, AER A4 kImol. Hirp, Total /2 5 fE
i#; Non-bond JEdRHERES, ©&VGMEEIEHIAE VDW 5
i HL BB Elect 2 A1, K HIAR 25 [ AH HAE A Internal /2 %
BAEHIRE. AE RIS kImol. 45 H SR, BN
211¥] Non-bond 521 #5BH &l K T+ Internal, 1568 2 [A] AH
HAER R EEN, X LI gie—i.

#+ Non-bond 1 %, Electrostatic {18 i i VDW # £
KRS, XRY VDW RN, — BT
Electrostatic ¥ R/MNRGE T BER IR, HA 2 Elect
MEAHZEARZIN, A Internal Sk K. 75 AgTsfr

E5 A, A-[Ru(IP)dppz]® 43 I NA T TIFE ALTs A AR AR 141 5251 (kdmol)
Table5 Detailed energy distribution for A, A-[Ru(IP),dppz]®" inserting A4Ts/T-Gs from minor groove orientation (kJ/mol)

Total Internal Non-bond VDW Electrostatic
A-[Ru(IP),dppz] 2 72125 2621.7 4592.0 71.2 4519.6
A-[Ru(1P),dppz] 2 7363.2 2637.6 4725.6 56.1 4669.5
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Figure 6 The changes of distance between two thymines form-
ing CPD before (right) and after (left) intercalating
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kImol), HTE LS EA N Zae R AT 2 Tk, (2)idik
PRGN BE AT R I, B 25 A B VR H Yo T U1
(4 B, A BV b R 2R EE M AEH . ()4
A-[RU(IP),dppz]* #li A 21 5 CPD AHABIIAT 15 AsTo/TsGe
Wb, TE R CPD B PRAS T A Fi UK IR I TR 5
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P T ISR 2, BB B2k,
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