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TEE: VE 4T # DNA X R4 M A & W% Eighde AR ot 18 2 3 %% ok ok % A1 2D-NOE NMR % # & 6- % it 840 3
GPAOO W F M AR E &N % -8 £ M4 % £ D(TAAMD) # & DNA # K, 1,9 A Z-DOCK ¥ #* it £ 7TAAMD
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B4, KAty dC # NOE & X R, I B R4V E; 2 #h & B 7 AACC4, 7PdC, 6PdC, AACC4-comp % &
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DNA £ TAAMD 5§ & & 35 F0 77 69 58 55, T #t o6 I 800 3 (PAC) oy = 8] 4 L B9 % vl A TR ;38 & 7TAAMD 7 # 3 i
5 FHABETFNALKBALELIEHBRT REEENETAT, LB HEEA,

KPR KL KEM oA 23K AL 2D NOE B 4R 7T-A XM AW E Di o T30 4 F BT E6-m % ) A M4
FESES:Q6-3 XEARERD A XEHS:1672-6693(2016)06-0120-07

FgE DNA 18 84 [ B 580 Be 6 ik e, B & Je S50 v 3 1 A B0 E X A9 25 R 1 A AR Bl A el Ak
Watson-Crick BCXTHRR . 2 H ATy 1k, B 28 FE K Je 45 10 A7 I 7 56 R 42 DXCSOE s 3l 5 39 0 1 sl 8 45 7
B DAX-1 955 3] e e — G4 K I 188 1 ¢ 181 5 B P 3 5 2 1 PR B9 8 3l 1 B B Sk 2 PR BEL 1 26 [ o 3R o0
WA R BETR Y R AR R S /N TE R SRR T A5 e R R ER AT AR S U 25 W AR AR
TR IR R DTAAMD) ™[R IHG  HE PR] A — 20 45 ) 10 45 K0 R M X 1 LA A A T 49 = 00 27 A T R TS A 1Y
YRR EE AR F EEAEN . DNA K458 7l BE 59 52 D) A 4 AR 49 30 J0 2R BT B ke fn A0 0, 4 0 L %
iR e IV R B TR B S 2 IR A5 55 o B 19 DNA R e 25 44 19 I8 1 PT RE 32 i DNA IR 5E 45 14 L B2 DNA (1
SN DNA R I EE MR RES 5 Bk R R IA Y IR 4017 U DINA 0 RLEE PR S A A I L Sl ) A
J R e AR R DNA B SZHLHI B B AR Bl anfe & S b iy B AT T ik L4069 V(D) J FE2H v, A Je i it A S
HH B A A R PP 9 DNA GURE W7 28 o AR 7, dlad A AE ALAMTE B TR 5 RS 9 DNAL i 31 1 5 451475
151 an S0 SR A R B AR A B DNA B SZ AL A BN T2 . DNA R R 45402 5 Z Fp A= W) D g . T 4 Sy 46
SE R 2D BRI LR L IR AN R /D I 5 R (I 2 L K — S gt A g U IS A e 5 A 1 TR il
DNA 5 Fp 5 8 UIA O o (H R 28 R 20 B0 5 i i 0 R 1 P9 VDt ) 77 6 B 52 DNA 9 2 e 45 427, it
DNA 7378 UNSREFr o R T DNA AR IREEH . A BT 580 FH S WL ] 3 B 226 63 1 2D-NOE NMR 3% 9 77
VLB E DNA B9 R 254, RV e s 5 408 H (PAC) 23 S BT 6 A7 sl A 7 67 s B JBE UM HF (dO) L £t 4 DNA
B FEARGE R AL 5 Pl i B 501 R R A5 H 5 TAAMD B SEF ) L KCZE 45 BB AL, BUN 7 AAMD Al g il i 45 & 218
Bl 5 1Y S I B R AL R B ) e R P ) Rk

1 #EF 7%

1.1 BEBRngzits
WF5E 20 A SEAZ IR LA K PAC 59 K45k WL 1, AT i SE A% 1 IR A0 48 PAC Uy SEARZ 1Y IR 1 1 A

xRS EHI:2016-01-05 & E HH3:2016-09-25 [ %% H KR B 18] : 2016-11-02  13:28
RETB LI A SN KAA BT B H (No. swyy-030) 5 YL A #h £ Y 9 IR F 9% 5 5 52 30 5 JF PR A (No. JKLBS2012024)
TEE B INE & T 0F5E 5 18 M BUs /N T 10 & i B H 3G 4 E-mail : sunshine_jj@foxmail. com; @15 £ & : 5k B . §) # 4% , E-mail : zhan-
gxthunder@sina. com

P & H AR e 41k - http://www. cnki. net/kems/detail/50. 1165. N, 20161102, 1328. 026. html



% 6 PEFRFLIHTERARCUEREARTHREEN 121

A 22K A A (Texas, USA) . EATTY H 5 e 19 [ A G 1k

Jr ¥ A L I R R I 4G 1L 3 T TE S (pH {14 N/ b
8.0).4 CAEfE. TAAMD I [1 Sigma 2% . il DMSO f@ N \
LB BEM L A HE— A sl R, — 20 CHRAE, HN e
1.2 % 51y ML S
L2 1 AR R o 78 R % PAC 25 M B SO i AACC4: 5 —ATATACIC\C
) 5 SR FH 22 01 28 SUAH A2 R 1 28 6 AR 1SS K2, % AL 2% Bt 3 —TATATQC,(?
U RN S LA L AR RS A L R O OE 5% ) o
AACC4 comp 5" ~ATATACCCCCGTATAT-3'
il G K . B E SR A AN A AR BE R . {HLE DA AH [R] A5 3" ~“TATATGGGGGCATATA-S'
M6 R R CIR . FEARTIESE T ML A o A 7 m ] G
N Vs N . 6PdC: 5" —ATATAP C
BF e 0 L OB R HR A . W POPOP 87K & 3' “TATATG, C
C
T 25 VA A 0 k8 ' 7 i 1) s o S IR DG 5 i (FF 298 K, ,
WICFEAT A 1. 45 ns) . LIFE SR A 350 nm G IE A 7PdC: 5" ~ATATAC €
" 5 C
53— T 400 nm K B I8 A K8 A G ¥ CTATATG
PR A T 10~160 MHz ZIEﬂ B 1) S e 1 B X 1Y Bl ERTBROFIISE

WEE DNA M EH 13 pmol « L', f# Ff 1SS187 # 4> Fig. 1 The sequences and structures of ohgonuclcotidcs
BT R A F0 5 54l 1 s PAC 7 45 6 B4 B X 15 0 F 1Y
PEICTFA o
L2.2 BAEAERLLERF LWL Wi H 7AAMD & DNA 17752, i€ 7TAAMD 5 K8 s et 19 %
1 DNA BI2E 1% M . H Horiba FluorMax-3 YGiEAXFE & 6 I K 7E 450 nm B GE P K 7E 520~750 nm [X [a]
SR STy 25 T S 11 BURT DEN iU - P80 | 1 it 3 EZ 8 1 R Dk 1 S
1.2.3 6-wke& BLAMHF (6PAC) 89 NMR 2 # 1A 5 mm B QNP %3k 9 Bruker DRX-500 #% # 3t 4% 1 i £
NMR [#i ., DNA F%E T& 4 10 mmol « L' Tris-HCl &K (£ 1 mmol « L' EDTA,pH{E X 7.5),
He H, 05 DO MRBIEE R 5 ¢ 95, 6PAC A IREE N 0. 25 mmol « L', ZEEE (298 K) AHBB R T Ll
AW T 1 2D NOESY REE L AR A sth B 1) WCEE 256 5 88 ) st 15 (e2) W AR 2 048 55 L TR A i) 43
%17k 100,200,300 A1 500 ms DL K st B SERBF ] R 5 s, 7EFTA B 2D NOESY SZ8e . T — 4 Lhil & o i
4.71X10 By K A ko e 51 . 6PAC BT A A OC Y AR 38 4 1Y BT IS I BR 1 37 F A7 BT A, # 4R H ALY 43
B P AR . JH SPARKY 24k BRI 43 BT NMR (149 )52 6 B0l
1.2.4 o880t A INSIGHT Il #57 6PdC (94 F 3D £ 4L, A AMBERI11 B A g & (L fb. H AM-
BERI1 1Y antechamber BHARA] 6 PAC 1Y 4 Fh 2 H0F1 L far £ . BB & A0 AL S . 1T NMR 45 2 (% 5t 78] NOE [y # 25
FRE AMBER 910 S50, TR 408 R 6PAC (W58 IF $E4T B (B 2 100 ps 43 T2 124315 . 135] 6PdC ik
459 )5 . Z-DOCK Jrik5 TAAMD Z[a] (45 & AT R HIE 5 15 51 25 AN S54 . P 358 B it B /N A9 45 0 1F R o
AL 2544 .

2 &R

2.1 3 XLB 18] 43 32 o ok i

PdC 1Y% 5 FE m JE RO T 5 S IR IE iy SRS . 8 TSR PAC M50 KA i, A 50 8 T
6PdC . 7-nk g i 8 A 1 (7PdC) LA S BATHY 58 2 e % 19 3 DNA 6PdC-comp Hll 7PdC-comp FY 2 LA ] 43 Ht 2¢
St (B 2) . BT A B DNA fY 30 18] 73 3526 6 R WA i (1 A 22) FEASER AN B NaCl i B2 19 22 £k 1 242 £k
s A EE G, 2 AR VE R M B s 6PdAC 1Y R [A] 43 B2 R AN 1. 44 ns(zD) , 5 6PdC-comp BYHEAA
[ (1. 34 ns); 7PAC By WL [0] 43 HF 92 6 W A A /& 2. 81 ns(D) 1 7PdC-comp A9 & WA [1] 73 B 24 't 38 WL 77 i
J& 1. 25 ns, RECKF 7PAC (4 i [8] 43 BRSO R A7 BT Y 2 52,



122 FERFREAFFHREAZRFH  htp://www. cqgnuj. cn % 33 %

2.2 TR KK THE ML 10
ARSI A 19 77 0 HOBE T % e AACCH, 0 ---@---o---o -0 -0 Tpde

6PdC, 7PdC, M HE AACCA-comp % 55 7TAAMD Al
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Fig. 2 The apparent time-resolved fluorescence life time of DNAs

Mk B 1 K, {6, 2 AACC4, 7PdC, 6PdC,

AACC4-comp ) K, {8 535 24 (0. 10 £0.09),

(0.31£0.10), (0.46 +0.15), (0.57 £ 0.21)

pmol « L', &I AACC4,7PdC 1 6PdC 5 7TAAMD i35 Fil Jj 43 5l J& 3k AACC4-comp 5 TAAMD iy 3% Fil )
M 5.7,1.8 F1 1.2 %,

5r 25x 10°p 25x 10°F
4r 20x 103} 2\ 20 x 10°F
E3- z 15x10°F é15x10‘-
8 - <
= D 2 R
<2f w10x10° " # 10x10°F
a 'y
//’//,/
g
It 5% 10 5x 109}
[ L T P T L an) oL v oL v v 1
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TAAMDRYHRIE/ ( wmol - L) Pt /nm Pitmm
W BE=MIE A0 RE  REARIE 450 = a 6PdC b 6PdC-comp
B 43 51 AACCA,7PdC, 6PdC, AACC4-comp, 4 6PdC,6PdC-comp 5 7TAAMD W) if EFR AW A KL
B 3 DNA 5 7AAMD Wi E # & Fig. 4 The steady-state fluorescence spectra of titration between
Fig. 3 The titration curves of 6PdC,6PdC-comp,and 7AAMD

DNA titrating with 7TAAMD
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B 20 ps BREC 1 A5, 45 3 5 A 3h h2E gk (| T . SRR A4 RS NOE 8 5 88 b A% I B 7R It A
(K 8, BT 15 NMR 2544 5 BRI &5 g e A — B,

EFXF 6PAC 5 7TAAMD [ 25 RO E ABFSE FH Z-dock B4 #E4T 1AL B 9 R 6PAC 5 TAAMD () 35 Fil i
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B, Eh R TAAMD (I 2 40 A L I, 50 m45 R — 2,
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Fig.5 The NMR 2D-NOESY spectrum Fig. 6 The NOESY spectrum in the H6/H8— H2’/H2”

in the H8/H6/H2 regions and methyl group of thymine regions
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Fig. 7 Dynamic structures and the average structure of 6PdC
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3 Wi 5

K Je 25 R TE LR 1 3R CER B B X LR B AR A AR R A TS Rk, a0 A Ak P
D25 R F T M SE DR 1 265K L R S RLR 7 R i b AR R s

ARG 43 W PAC 1B RN TECIRED 2 DNA f 2 8] 43 Bk 5¢ 6 75 i . AR 5 5250 BT 15 7Y 22 LR 8] 29 9 2%
7 i, 7PAC By 7PdC-comp Y 2 % . 1fii 6PdC,6PdC-comp Fl 7PdC-comp F) & WA 8] 43 #5675 Ay A AL, 15 1A
7TPAC AR BLX AL 1 6PAC BT AY . LA E4E R UL 6PdC Ab T & e Y ZER L L1 7PAC kb T R e RYZER b

WS & 07 98 T PAC B4 A X T DNA 5 7AAMD (1) 36 FLEE 1 LA K PAC 4 23 i) 7 BHL 1) 5% W
R 2 A5 0 K, 8, AT AR I AACCA 5 TAAMD 1935 F1 7 Bk, 2 TRl RE & I i 7PAC 1Y 3 152, B Wl ik
R IR N T 5 7TAAMD (% 5% i B v i 23 LR s 1 7PdC /9 Ky {2 6PdC Y 1.5 f%, a8 6PdC 5
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TAAMD R ) e 59— H— 2R B ELA T L, B
255 11 By S IS e %), H AT e & TAAMD {ER T & %k
W&, UL b g5 R Ut PAC 19 ik A X F DNA 5
TAAMD [ 35 Fl 1 A5 500, {H B 0k 5 35 A K/ R B 0
I GER

AWFFE LR H 2D-NOESY NMR 77 8 E T 6PdC 1
TS AR IR 5 LE AR M R E 1 TR ER B 1 04 A PAC (1Y)
LR T, PAC AR E N 0.4 X 10 °, X Al Gl T
PAC A5 SR LB g s r e, B/ 5 b, Ak T R e il b i
A NOE Wi B 2 9 % e B b A i v e /9 NOE, iX 15 31 7AAMD 6PdC
W2 AL T R IR T B DR Ry BT W R T AL TR Y Ho 6PdC 5 TAAMD HEREH
5 DR T AL 9 B AR B NOE < BT 1] 3 22 Fig. 9 The complex structure of 6PdC and 7AAMD
AR K A R AR, B 9T IR & B PAC 9 i A 3L AR X
DNA 1 454 A 520

IEAh R R Z-DOCK H8 458, AT LS i e & 7 AAMD 9 F 1 B8 R /N8 J7 1 48 A& e B0 H SRR Y 5
753Xz (A B SR /Dy o 3557 TRT )0 0 2R v B — B0, DR AR 6 S 30 45 RAME S 5 IR R IE B T E 1. Ahiag el L
HEFN . 7TAAMD FEF T & I A, DT 3% 20400 i) 55 R 335 iR .

A o A 5 45 J 0] T, PAC R AR b 5B s ok M I A 9 6 T IRER X TSR 25 W o T AE A AR Y Y
U HL AL T SRR A% 5 X A 5 A ST 3R T 5 1)

PAC £} DNA (986454, 1T LA &80 1 2k 52 DNA 3% RNA 250, ASBIFS8 26 00 I 18] 43 9% 5€ % )t 1%
M NMR 585 7 6PdC (1) A5 CR I 2548 , IF 1T € th 24 7 th 6PdC 5 TAAMD (1% 5% FL A7 LA J PdC
Mt A XS TR M fE 2 ) B2 . R Z-Dock B35 T 6PAC 5 7TAAMD 7E & I 3 iy SR F B X — 3
AR SHEMN K E—5.
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Study of the Hairpin Structure of 6PdC via Multiple Methods

SUN Lingzhi, ZHANG Xu
(School of Pharmacy, Yancheng Teachers University, Yancheng Jiangsu 224051, China)

Abstract: To better understand the biological function of DNA hairpin, determining the secondary structure of 6-pyrolo deoxycyti-
dine (6PdC) using the time-resolved fluorescence, 2D-NOE NMR spectra, titration curves and as well as Z-DOCK computational
method were conducted. The time-resolved fluorescence apparent lifetime of 7-pyrolo deoxycytidine(7PdC) is 2. 81 ns and 6PdC is
1. 44 ns; 2D-NOE NMR spectra shown that the backbone of 6PdC can be well assigned via cross-peaks in the H8/H6 region, how-
ever, the intensity of NOEs of dCs at position 7, 8, 9, 10 are very weak and are hardly to be assigned; the titration results indicated
that the K, values of AACC4 is 0.1, 7PdC is 0. 31, 6PdC is 0. 46 and AACC4-comp is 0. 57; the results of Z-DOCK computing indi-
cated that the planar polycyclic ring of 7-aminoactinomycin D is inserted into the loop of the hairpin. The above results suggested
that the DNA structure plays a key role in binding affinity, and the steric hindrance has certain effect, but not the important one;
the 7AAMD may be bound to promoter or enhancer, which is hairpin, to inhibit or suppress the transcription of oncogenes, thus far
achieving the anti-cancer effect.

Key words: hairpin structure; time-resolved fluorescence; 2D-NOE NMR; 7-aminoactinomycin D; molecular modeling; 6-pyrolo de-

oxycytidine
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