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No. 8 FHASE. ALY RET EA RN IE R B-Fok 5 DNA Bz 6 o9 JF M2 4 1579

Agilent orthogonal FLME5S 251, WiaNHESAEIEAE, SEFEHE A 200 pl/h; H A7 F-3000 A9 G5
FLEHE UV-260 RS H0-1] WA SR T

W B-MRMRAL &) 1 ~5 ¥ SCHK[ 4] ikl e, HEREZ M5 d( GCGCGATCGCGC) (M, =
3647.41), d(GCGCAATTGCGC) (M, =3646.43) F1 d (GCGAAATTTCGC) (M, =3645.45) ¥ [ J} 3
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DNA (ct-DNA, Jbstdede4E0) TR ), 42 SCHR [ 8 ] J7 16 T il VA B S ae ViR 8. — 8 PP L 0 3 Y e
(Tris, JEEUAESEAEY TREAT], S0 99.9% ) 3 He iR harirati; SEue 7K o O b2 18K
1.2 X B-FWML &5 W5k DNA ARIELMEEH MS IE
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Fig.2 Negative ESI-FT-ICR MS spectra of the complexes of d(GCGCAATTGCGC), with bis-B-carbolines 1(A) ,

2(B),3(C), 4(D) and 5(E) in 1:1 DNA-to-alkaloid molar ratio
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[ ds +alkaloid —=5H ]~ B+, REMI BT 1: 29[ ds +2alkaloid -5SH] - E &Y E . 1k

A5 d( GCGCAATTGCGC),, d( GCGAAATTTCGC),, d( ATATATATATAT), #1d( GCGCGCGCGCGC),

WA R, W 2 B, 5 A AN A BE TR EE T 12 19 B-FRIAL A 475 DNA JEIEG 455 58

SRR O T LA S DNA JESEM A5 G RS, SRALA P15 3% DNA JE B0

LN ZEA B[ ds + alkaloid - SH ]~ 5 HAT A W] H fay £50 A4 I 29 SUEE DNA 25+ [ ds -SH]” - Z A F

BE bk i LRSS A B, TR AR LR 1.

Table 1 Relative binding affinities( the abundance ratio of [ ds + alkaloid —-5H ]~ to [ds -5H ") of five

alkaloids to d ( GCGCGATCGCGC),, d ( GCGCAATTGCGC ),, d ( GCGAAATTTCGC),,
d(ATATATATATAT), and d(GCGCGCGCGCGC),

Compd. AT AATT AT, (GC)s (AT),
1 5.82 5.56 5.10 6.18 6.82
2 19. 16 18.78 15.29 17.93 20.72
3 14. 82 13. 84 12. 44 15.26 12. 54
4 14. 84 14.13 12.36 14. 85 11.99
5 12.21 6.09 9.20 5.92 4.56

X}FXEE DNA d( GCGCGATCGCGC), Fll d( GCGAAATTTCGC), , 5 X B-HRmkAk & i AR e 25
HEEFI RN 2 >3~4>5>1; WX T MEE DNA d (GCGCAATTGCGC),, d ( ATATATATATAT), 1
d(GCGCGCGCGLGL), M, 5 MEAWHAEILM LS GRS H 2 >3~4 >5=~1. 1£5 DR B-MEMkiL 54
W, BA 6 MRIETFHEZAENIL A Y 2 5 5 FORTRIDOUEE DNA JE R IE JL 0 25 4 W i fe i, BEE P
B-PRERIA 2 0] 7 e b A s A, AR B SSRGS DNA (RSN 25 5 om B 34055 . 9T 25 SR 7l
N, TSI S A A Z B PR R XA 5 1) 5 0UEE DNA RSN 45 5 RS2
2.2 X B-HEWL & 5% DNA M EANFETHEFR SRR

H T EY 5 AT TS DNA (EEM 256X Tif— it G915 DNA A AR %1 ¢
F, — /NGRS G T 58 AT BRIRAE L DNA SERT; i AU T 5 GC L £ i
DNA 3% F1t7100 0 PR 7 S 50 P e e B Y 3 Fh SR P 41 12-mer XUEE DNA, M DL GC h E ()
d(GCGCGATCGCGC), #| GC/AT %5 Hoi () d ( GCGAAATTTCGC ) ,. i ad F A &h & o w4 FIwr b & 4
55 DNA 85677 XRPERIBLEE. Gl 3e 1 AHXT S5 G0 B 25 R UEA TR 1) LA, R 2 Hh#R DNA 454 0%
KRB G-k &% 2, 3, 4, KA EW 5 AR ¥ S DNA % I3 JF
d(GCGCGATCGCGC), >d( GCGCAATTGCGC), >d( GCGAAATTTCGC),. HEHMTIEY 2, 3, 4 BN
TSR IR, JF HALG Y 5 IR R P AN s B, FRATT SR B T M Ah 488 AT i 4>
8 GC 1Y 12-mer XU DNA d( ATATATATATAT), 1 d( GCGCGCGCGCGC),, TERFESA: T oE4T B4
Br. 455K, EW 3, 4, 5 548 GC () DNA [WZ54 Hhasil AT (9 DNA f05g, H2b&41, 2
IEAFAH . R B-HR LA 95 DNA JEILM 45 AV FIHLEA A fr b —25 AR 1)

2.3 WB-HEWL AWM ME DNA LM EANZESESTR

TEA AR 45 G ARV BUERE TS, Se 54 & S5 20 E MDA RS9 5 DNA 45550 E K
ANH R BB LU, 2O TR LA ARG 1) R R S T

X B-FRMAL A PIXF d( GCGCAATTGCGC), MZE4 LI s SRR, (b5 1 ~5 5 DNA YA AR FE
FERZS G, il R LA A 5 3UE DNA JE AR 455 25 F [ ds + alkaloid - 5SH ]~ By F2EE, AT LA
ARS8 . XF d(GCGCAATTGCGC) , ARSNGB R/ 2 >3, 3~4, 4 >1, 1=5. %5
B LLAE IR 5 DR B-IEMAL S AR N 5 SR IF 2 >3 = 4>5 ~ 1. X—4i R 5HIH
SEH A R X A A R TS 45 R (2534 >5=1) 54— F WM Bk ik & B xt
d( GCGCGATCGCGC) , Fl d( GCGAAATTTCGC) , HYTE 4325045 e 5 R FH - Fb HL R Al 45 SRS L.

2.4 WB-HEWMUEMEZERWIEENES

W 50U DNA 456G b &Y 2 5 4 RN IR 73 5 LA BE R WIR & J AR 400, R

5 dpA, dpT, dpG, dpC A BB 1A 2455 B F [ 2 + nucleotide - H] ™ JE . #E— 25 %) FIrJE i 119



No. 8 F YRS, A ARG R IR B-Ek 5 DNA BB B 82 69 3k 4 45 4 1581

[2 + nucleotide — H] ~ B FUEATRERE S S04 2 (CID) 5256, 158MLAY 2 5 4 FEFFIRIE A ILMm &
EWIH RS, B BT B10 dpA, dpT, dpG Al dpC BIHES T8 T, BERATEAEI M 45 4 8 T iy i
SR, BT ETRR L. £ 2 Ak AY 2 SEATIRIEILM 4S5 A F[ 2 + nucleotide — H] ~ A
TAC TR SE 45 . BB RSB WA, [2 + nucleotide — H ™ B 38 & A4 AR S 0 3R, T
AR HRRIUE > T B T AL &8 2 b e 7. 0 U RS Y V, B IR AT 20, AR e &8s 1
TES MM R R E M AdpA = dpC > dpG=dpT. XHE—HUESE T HEXB-HRMkfL 545 DNA fdE 3
MasiGne)s, RPUESHZM TUE Y THRZITER dpA F1 dpC &5 G FE R T HRAZTTIR dpG
dpT. k&Y 4 SRR 25 A58 AS B AR R A 25

Table 2 Half-wave excitation amplitude(V,,,) of ion [ 2 + nucleotide - H] ~

[2 +nucleotide - H] ~ [2+dpA-H]"~ [2+dpT-H] " [2+dpG-H]~ [2+dpC-H]"
Vin 0. 580 0.551 0. 550 0.571

2.5 X B-FEML &5 DNA M4 S IR HIT

PWITEIENE N —Fh RS = | Feoe MEAr WA 58 Jr ik gt 2 N TSR AL/Nr 75 DNA 464
PR FIAEINEE AT T XTI XL B-RRIAL &4 5 XUE DNA JEFEM0 285 4 19 A= 0 i iF 5 45
RHATIUE, R LA R SIS T R T8 R SIS T R SE BRG] A — 5otk , SR
TG AAF I B-FEMRAL A4 5 DNA FEINZE A5 0L, R I R ML S W E(K,) , e e
FL (#23). SE5 BN - ik A& Y B B R 128, HaGimE 5GP EmiE . 4 aw
VW I E SR EEY ct-DNA J5, ZAEZOERK, It B9 eé i B0 R8s, W& %5 DNA
B AAEAE. 23 a5 B-FEME ct-DNA 454 W B K T 10° mol/L, k&1 ~4
HIZE S HEORT 107 mol/L, BRI A4S DNA BERINEE G, #h—4 LR MAs & BRI .
XL B-HRIRAL A 90 PN 557 34 18] 114 32 F2 e 4 8 X A6 A 0 5 ct-DNA 125 58 R A2 m. 2o 6 4k
HEAAE LAY 2 5 DNA (4G ek, B 1 AR (038 K sl 4 6, LA 95 DNA 45 BI85, X
— G 5L gL R A

Table 3 Association constants( K, ) of the bis-3-carbolines with calf thymus(ct) DNA

obtained by fluorescence spectrometry

Compound 1 2 3 4 5

K,/(mol - L7") 1.04 x10° 3.50 x 10° 2.28 x10° 1.03 x 10° 4.25 x 10*

L5 EPR SR FH P s 25 ol L A 4G o [ AR B B T B-HRAL B 1 ~5 5 5 RO TR R
H1Y 12-mer X DNA WA EAER, KIALGY S S Fh DNA ¥4 B B AEN 25 . 44> Bk
W2 [a] A X T IR G 5 DNA 4SS I IR, WF90as /R, ALY Bk 550t
JIRE 5 PR Z TR — G AR DG, FE— e R b nT DI DI S S S0 TS AR 470 g8 245 W 1) 7 126
W T
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Bio-MS Studies of Non-covalent Interaction of Bis-#-carbolines
Towards DNA and Nucleotides

DONG Xiao-Chun', XU Ying'?, Carlos AFONSO’, JIANG Wei-Qun',
Jean-Claude TABET** , WEN Ren'”
(1. Department of Medicinal Chemisiry, School of Pharmacy, Fudan University, Shanghai 200032, China;
2. Laboraioire de Syntheése, Structure et Fonctionédes Molécules Bioactives, UMR 7613, Université
Pierre et Marie Curie, 4 Place Jussiew, 75252 Paris Cedex 05, France)

Abstract The non-covalent complexes of five bis-B-carbolines alkaloids with five different double-stranded
oligodeoxynucleotides were investigated via electrospray ionization Fourier transform ion cyclotron resonance
mass spectrometry. These five antitumor compounds all showed DNA binding abilities. The binding affinities
in the order of 2 >3,4 >5,1 were obtained, which mean that the length of the linkage chain between two -
carbolines has a remarkable effect on the formation of the non-covalent complexes. The competition binding
experiments results were almost the same as that determined by relative ion abundances. The structure-activity
relationships and sequence selectivity were discussed. The non-covalent bindings between the bis-B-carbolines
2, 4 and the nucleotide were then investigated by ESI-MS.

Keywords Bis-B-carbolines; DNA; Nucleotide; Non-covalent interaction; Electrospray ionization Fourier

transform ion cyclotron resonance mass spectrometry
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