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Study on the Interaction between Complex
(Ni(C,N,H,; ), (C,H,N, ) - Cl] - (CIO, ) and DNA
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(School of Chemistry and Chemical Engineering, Hunan University of Science

and Technology , Xiangtan , Hunan 411201, China)

Abstract: This paper introduces that the microwave synthesis of 2 — (2 - pyridyl) - benzim-
idazole and solvothermal reaction of Ni(Il)complex with 2 — (2 — pyridyl) — benzimidazole
and imidazole ,the structures of the complex may be [ Ni(C,,N;H,), (C,H,N,) - Cl] -
(ClO, ). The interaction of the complex and DNA has been investigated by using UV spectra
and fluorescent spectra. The emission intensity was quenched as the complex was added to
the EB — DNA system. The apparent binding constants of the complex and DNA was obtained
at physiological pH(pH =7.2). The results suggest that the interaction of Ni(II) complex
and DNA belong to both partial intercalation and static electricity attraction mode.
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*® %ﬁ%:m%%[Ni(C12N3H9)2(C3H4Nz) - C1] - (Cl0,) 5 DNA #EAE AR 47

FEE NI Y RN EETEARRR
1giR I N S/ R R IREN: e N e 5 N T B
{7l IR EBR B AN EN, TR RIS
ZEREOREBREHEEPORTHHAER,
ENRRERZ 5.0 eRE THREA,E
B e BECE Y. 175 SOD, BRER BT /K ##% B & 98
HBREET S AR IMHESY. BT &R
FFPKMESE (BIm) B ACER R BC & W) H SR A
HEYE RN TE T AL R AR, L AR
F R Fo HAT 4 (05 U L R 5 A R[] 8T,
EAHH MG IR SRECR Y5 DNA BI{ER
TR E B TRRAGY P56 WA YHTE
PP, 756 BUREE R U JUR Y O A
A Z BB AR .

SRTE Ni EAKRLFOHBETEZ -,
YRR R BRAE 107 10 2 E, 45
HEAEEEN | mg/7 Kg, i/ TF Fe Mn.Cu.Zn,
FERCE R IREMER A RS T HEHRER
M—REFHEAHI R P ZEEATERBE
.

BRI HMBERTEEGRT 2-(2 -t
0E) HIFpkas (HPBM) Bpfk™ , ¥ SCak (4 ] B v
FRTHR(I)E 2 - (2 - M) F3 ok
(HPBM) , Bk Mk 1R i 5 BC & 4 [ Ni (Cp, NyHy ),
(CH,N,) - C1] - (ClO, ). FASSIAT OETE Fk
KIS T EPIS TECA Y5 DNA SR EER LR
W TES DNA & By AT B

1 sEE#ERsr

1.1 {435 A

o e B A B b 2 R 2% LWMC ~ 201 (R &8
BRILRIE T & B BRAE] ), F - 4500 28 X6 565 1Y
(E£EB /KT, Lambda — 35 B 44h - B 1%
PN (%E PE AF),PHS3 - C BRI ( 138
BREANSY) ) ,AB204 - N LT+ R V- ( LM 58
-¥E#1/A %)) ,DF - 101B £ A E R S BifE 2
(ML SRIET AR 28T ) ,SHZ - D RIFEIF K
KREFAESE(THE N L TR TEMNRS ),
KIBBHE2S (10 ~100 pL,100 ~1 000 pL B, K
RETFEE EEARAF), ZHIT, FRANZEK
EIIEUIE.

FESMLRE (B2 RARBR) , ZRBEER (PPA) 55
KA EE, —7KE B EBR, oK, K F g, &
AL, N,N - PR (DMF) , =P HEE
FRGE(Tris) , WKERER , SRR —SU00 , BERREL 40,
A k359 2k 437 .

PR EAEG, R E, NFR LT
R , EACREEE Y A M = (NBT) ,1R46L 248 (EB) (dt
REEEYTRAFTTSR) , A8 DNA( LEHER
YR HRERAF M), U LR E AR,

FHr DNA WA E LA A /Ase > 1.8 B E,
e BE LA 260 nm REF)IRIGBERIGRE , X B K AL B EE
IRIRAEFRFOR A 6 600 mol/(L + em) , KKFAIRFF
#H.

RE S5 DNA fE R, B M IIERE
Tris - HCl ZZ0p¥AWR (pH =7.20) . LB E K
A IR PR ZER K.
1.2 SLWAZE
1.2.1 EAEMESYHER

MR TES RS aMR. 8]0
L&A AR 0.001 mol(0.19 g)2 - ZEHBK
Rt R 1) B RV VR (B3 1) 55 0. 001 mol (0. 24 g)
NiCl, - 6H,0 MR BEEW (B R) R A, W 5%
BiREa BHIBEESCEL, REAIBBET M
EP 20 ~ 30 min J5, BWREEL, MAFEY
0.001 mol(0. 14g) NaClO, - H,O i B B2 75 vk A B
4 0.001 mol (0. 07g) C;H,N, i) P BE¥E ik (A%
BAEFURAES 40 mL) , B C B B A8 4L, Sk 424
LR 9 ~12 h gLk, B h g E R
EEEYHE L SBESRERS, TE, BHR
FHELRE, GRABERN BRELR , BB P
EEARBE TESTHEHBE(RES )
C,49. 72, H,2. 76; N, 17. 19, s {E (% ) : C,
48.49;H,2.38;N,16.81. Hifd i EElNE TRS
Y SRTT RS RN 8.26 % ,FEAE N 9.01 %.
1.2.2 Scatchard g% 22 %1

1) B eS8k E 27 0. 04 mmol/L F§0.000 ~
0.016 mmol/L DNA # 5 ; LI il DNA B4 B
AW R 35 HI7E 500 ~ 280 nm FEE RFAHE, W
ERZRWAXTRICEE AA. LL&Fh DNA YR KB
B AA BRI EE B, 85 A A5 B RO ERBE B BBk
AA,...
2) [E%E DNA Bk &5 0. 075 mmol/L, 435Il
FAYWeE 5 0.010 ~0.030 mmol/L B&4, BTN
DNA ¥ RESYKREETQ, ek E
318 nm AEMARXTIRLHE M. X EREAYMS
DNA H R EE C, T LURIE T RE3:

C,=AA-C_/AA,,.
He C . AR ER KBS KA.

& Secatchard H 2.

r/c=K(n-r)
AP KFEREBREEGYNGEFY, r BB
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SRR (C,) 55 DNA WEZ L, c £if
BHEBRAYHRE  »n RS MEERA BA
RN E B
1.2.3 BFREOLIERR

SICERL 6], FE RSP AT LGN b, St
FAIA 2.5 mL Tris - HCl ZE %% (pH =7.20)
FEG A R R 50 pumol/L (IEL & M35
W, A BERAES B AES L A S P mA
HFEMER(10 pL) i DNA 5487 (1.5 mmol/L) ,
fi DNA 7ERC & 9 ¥R BE LU EOR T3, B 248
M, BRIBEAESY 5 min J§, 7 220 ~400 nm
B ARKMAL S %5 DNA (kZR B FIROR g A
k. &0 DNA BHEN O IR, S — R mAER 1 Ik,

1.2.4 FHEPR

¥E pH =7.20 &/ T &€ DNA B, Z K
A—ERHMR()REYER, ERERE LE
0.6 ~1.8 HFLE M, i RHIOLRFIEHE.

EpH=7.20 &4 T EEESWEBRWE
B, B MMA—ERK DNA, R ERELFE0.6
~1.8 KFEE M, iE R HF LR FTIEE.

MRNE FREXMBEEY -DNA EEKR
RN EHIR A, 7E pH =7. 20 ) Tris - HCL 2%
MYV E A DNA FIEC A 9 ¥R B 28 B 386 i &
LAY B B T B E

TIRES4 5 EB - DNA (R RAHEAERIRY 2
JEFEK T, BCG ¥ LA DMF 4%, 76 pH =7.20 i)
Tris ~ HCY 22 mhi ¥ v [l i€ DNA 1% B2 32 87 48 n
BLEYIRE R T ENE.

PLEFTE R 2 BRI 270 nm, &
ST K 386 nm, WA MR GG HRETE LN
5 nm, A HEHE F 800 nm/min. BL-E Y IR W EE A
50 wmol/L,DNA JEIR¥EE N 80 wmol/L.

2 ZR5TE

2.1 EGMERSYHIRIE

BeAR R AL & Y ) 2L 50 A] WO i #E Lambda -
35 RYEESNA] LAY W45, R A DMF(N, N -
THREPER) EEFERRY N 1 x107° mo/L
FIVE T, FCAA Y MR 0 67 F 310 nm 4k, BXRIE T
BRIk IR ) o BRIE, BB S WA AE
310 nm AbF R, IR BTFE 325 nm 74 T HH
Ryl , X R IR S &R 8 F R TR 5F
B A BREOABIUASEEF5SRARETE
SRR, 7E 225 ~ 240 nm FE B PR A5 TR AT e A2 oK nas
W w - BRE. BRI SRR A IE R

AR, T ELX S8 e & 0 B S K R S g A 22 R 2
~3 nm, SMHTIA R i 2 58 S 0% e ode 2 R T DR MR 3R
B ow - BRI

HEF Ni(1)# d-dBREZHELH K
me, IR ARG, TR P ERFUEFHABHK d-d

RSP RYOEIE , BU/RZE 3 400 ~
3 000 cm ' B P9 B4 % Wi 0 051 JB T R AR AR - CH
-1 - NH - By 48 ¥R 3h, M7E 1 600 cm ™' F1 1
440 om " BRHIT 49 9% g U TR T 2K Rk 3E A R
FEHR C=C &k3h, M L 4 148k H EHS
HIRBNTE 745 om ™' b IR INE, RSP L
PLE MR, B REARRREWSD, 3
HEASEBEFREETEAM EAPRENRE
R IE R WO SN ZE 1 112,12 em ™ A HFAE
MRS ARBE SCER(10],1 112,12 em ™' BB B UK
IR R AR S Y P & Clo, .
2.2 R(I)E&EHWS DNA ERAH
2.2.1 Scatchard gZE22 %

Scatchard F#:r/c =K(n -r)

n REMEZERFBETRENS S LB
FIF r/c %t r YEEIF] 15 Scatchard HIZE (LA 1),
HAER K S REEYS DNA HEEHE
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0.0100 1
£ 0.0095 1
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e
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r

E1 REERE&YS DNA {ERRY Scatchard #4%
Fig.1 The scatchard plots of the complex — DNA system

KIEAEFEIFTRE:

y=0.01172 - 0.01159x

BlK=1.16 x10* L/mol , (B HEZE 4 XEF
H—EBHER.
2.2.2 B(I)EEYS DNA fER s F Rk

Hig

FHNA] IR BOEE BT R /Ny T S BBREE
ERN—MEFE BEROBER. MMFEER
PHEERSIIERKTFRAB(ER) AR R
HE(BE)N. £BERaYS DNAEER, |’
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BOIR BT A OB & A S, R BRI K SR RAOEERE. B (1) AP 54K DNA 4
BER A — BRI, Bt EB/N BRI MR TRYEOEENE 2 P
Rl R K9 LR /N ST F 45 DNA & A ki1

131 O

4.5 '1
127 4.0 *
n
1.14 > 3.5 n
"g X 3.0- n
1.0 3
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EH2 (1) EAMEARR DNA RE THEFRIEXE
Fig.2 Absorption spectra of the complex in different concentration of DNA

FIRRBOGERAKAES FRATEHRE  BESRAYWMDNA REABERX.

L —HHE, HAREFFREESERET, KRS
CDNA/(fJf ‘8.) = CDNA/(sf - Eb) + I/EKb(gf ﬁaﬁ!lﬂE 3 B,
‘Eb)]
He e, fl 6, DANFR Appua/ Cxi, BHEES 459
AR R BRI 5 24 B O O BE A 40 «©
TR IBCR B BUEC A 1 5 K MR L 46 446320 20 nm 357
I IEAE) . % S¥
LA Cona (51 = £,) R Cons HE B, 842 S5 AREE ‘jﬂ
MILMEED A& Y55 DNA G AR K™ 3 = ]
HEEN K, =1.15 x10° L/mol, &5 R X0, k8 104
DNA ¥R, BE SR o — = * BREZE 300 ~
350 nm K T8 B P & A TR C5R BE RO/ 3 BE s I
BRRIEEA B, N/MrF5 DNA ZEE 300 320 340 360 380 400 420 440 460 480 500 520
/ARG IEA. B viE ARECRS DNA Rt wavelength/nm

ZEARE v BFREBER, BAREY »° & (1) - (6) :[ complex]/[ DNA] =0,0.6,0.9,1.2,1.5,1.8;pH =7.20
HESBEN B TFRERERE, FERXT H3 FEEASWRET DNA - BAWE RN KY
B, 88w -« BRIEEEE B, NI =4 288 Fig.3 Fluorescence spectra of DNA ~ complex system

2. BOBIR(2 ~3 nm) F AL, HINE S in various complex concentration

5 DNA EAE A IEAES. Fit,BE)5 «" HulE

HEEEBR T E m - v FRTILEBRD, =8 WEE S AL R B, R R BRSO I8
WS, AR EERMIZEAY S DNA Y B, R ESW T RELIE AR S DNA 4548 4F
EFMBALZES. AFREREGYNEARGERREFHFE
2.2.3 FESAEYS DNA {E LGS AT %, & P B mE R AE K. — BRI, AR

&S DNA AL AR, B FRAYST  EFFHEHRA, MESY S DNA KNS & J1 i
ZEMRITERE, AN EEYhFKFEHAR K EEERIEARERN ARG, WA 58530
KIFEE BHSIRIOCRENIR, I EMIEMIE A5 DNA AR TS kR 7E 384 nm b
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MBI B R 1.

£1 ARESGWRET DNA BB EHE

Table 1 Fluorescent intensity of DNA - complex

system in various complex concentration

Hompon N st s amngesm o7
0 4.29 0
0.6 31.21 26.91
0.9 34.59 30.29
1.2 34,27 29.97
1.5 41.13 36.83
1.8 41.31 37.01

PR AL, (R A X 9 0 BE 58 A B K 43
HNZR, e KGR/ FE R XA BLNRET,
FC& YR BERA 5 5h 875 DNA 4.

T AR 5038 BE X [ R M AT RER
BERC A MR A W ERNEE TSR
Hif DNA gy fERI R NREC S WINEHE
H, BRFLERETRARMN, BB TEEM
FECARCA M, = EALE R, T E R AR E R, &
BLiR A BESE 24 A Z| DNA SIREEXT o , AT 355
TECEYS DNA MfER. TSR L IR B /ML RE
BB & Y15 DNA HfE RIBSS.

55 —J5 1, AR DNA ¥ BT ECE M2t
SR BE DNA ¥Rk BERYSE AT /MEBE T B, i 4
B, B MR AR SREE RS & R R, L
As.

Intensity

L T 1 N i 1 T M 1
340 360 380 400 420 440 460

wavelength/nm

[ complex] =10 pmol/L,[ DNA], =80 wmol/L. pH =7.20.
(1) -~ (6) :[ DNA]/[ complex] =0,0.6,0.9,1.2,1.5,1.8
B4 A[F DNA RETHERELER
Fig.4 Fluorescence effect of complex — DNA

XAEHT DNA KB A S fh el T ok
ERAET, MEFR IR G RENEE FHIER
AR POH B AT F DNA K, N 5856
SR R, XA R R —Fh R IR AR

1.00 1
0.95 1
$0.90

085]"

0.80 1 \

rT1rrrryr1rrrrrrrrrrrri

-020.002040608101214161.82.0

[DNAV/[complex]

BS pH=7.20 BAY - DNA AR EHHR
Fig.5 Fluorescent intensity in pH=7.2

2.2.4 T&Y5 DNA YERIRY Na ™ 3500

HAME TS5 DNA BRBMEASGHE
DNA Y48 T 7= A R U, A A & 5
DNA fE R B 5 S, TERENE T
BRI T 4 51E R B DNA R 5 EY
-DNA HE4ARFOLER(ALE6.H 7).
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[ complex] =10 pmol/L, [ DNA] =12 umol/L. pH =7.20.
(1) —=(4):[Na*]1=0,4x10"*,6 x10"* 8 x 10 ~* mol/L
E6 i DNA S Na' REBMEEHE
Fig.6 Fluorescence of DNA in various Na*

concentration
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201
18

] T T T Y T Y T T

¥
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wavelength/nm

[ complex] =10 pmol/L,[ DNA] =12 pmol/L. pH =7.20.
(1) -(4):[Na*]=0,2x10"%,4x107%,6 x10 ~* mol/L
BH7 ®AYW -DNAMEEKRS Na’ REHMTE AT

Fig.7 Fluorescence of DNA - complex in various

Na* concentration

LERFH HEE Na” IR, B R
BREARREE, RHARSY S DNA ZaFER
BB IER. X BT Na* FBE3I RS
DNA hRyf BT RIBERREMEIER, M1 T DNA
ERTHF R SR AT, DNA 43 F ik 45, miAaxt T H
FHESYS FE R eEE" wmEay -
DNA H&1k %R, B f DNA R RBEKEHE,i%
AR EEAR.

2.2.5 HEAYR EB - DNA B4 E RN
9p-A0

TP RRILZ 88 (EB) REM S HEA IR
RIMEERRNE R (RILZEES TR
B 8).EBfEN—EAYHFF FEBEHE
F , KA G HRIIRES , B BEF17HHE A SR
JiE DNA NERAIBREL ST 22 (8], 3K DNA JFk B
SRR AIMATE , N TTTBHAS DNA B —5 2%, Fet,
HIOL B EH .

R, YA HEWAES DNA R4 BAER/K
YIRFEERT , &8 EB )\ DNA XUSZ e+ 55 i B2
A% DNA KSR ER 2>, DNA ~ EB B9 038
¥ BEMAE" BT EB 7 LIME S DNA G5#%%
S RSB WITE Bl DNA YRS EB ¥
A KT 20 5B E T ICREARE S IR E
TH EB - DNA BAERFEMNRILILE, LWE 9.

e RUZEATHEN
Fig.8 Structure of EB

f & BL7E 600 nm fffiRA —IE1E , B RO
TREREE RA YR E R KT, B &P
% EB - DNA E 5 R RN FOLBE KIG R, X8,
BCAYAES DNA R4 EB ik AYER: BC
A5 EB &7 DNA H&E&, 518 EB W46
{253, EB M\ DNA 43FH & i 3k, { EB - DNA
RIS, 386 nm HHE RS HTELE
51, © B3R B B YR B 3 K T34 58, 540 nm M2
KA 270 nm BR T ) BAFE A

RIHREIBE R KB 40 AR R, Bsh &
BRMBSHRK. ShBBEREERIEM BB KT
BB RFNLBER YRR S FaEY
BRIV R B, R AR YRS TR
BRI TFERETHSE. 7T H Volmer — Stern 3
BRETEIH.

I,/ I=1+K[Q]

Hep I, #1551 AN FEAE e B Rt 64
TR, K B RKESR, [ Q1 - K M ¥k B
LI/ X[ QI EE— R E L.

100

80

Intensity

40

20

300 400 500 600 700
wavelength/nm
[EB] =0.5 wmol/L,[ DNA] =12 pmol/L. pH =7.20.
(1) =(S) :[ complex] =0,5,10,15,25 pmol/L

9 AEBREYRET EB - DNA M35k ki
Fig.9 Fluorescence spectra of EB - DNA system
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BARROBRES KA GERES M4 R
LA Y%, LA EB - DNA (R R TR BRI 1, /1
MBS YREE] Q1B , H Volmer - Stern 2 K gl
LA 10 FR, R ELR, W AE A 5T EB -
DNA (R RMTOLER AR Foh B REERE K.

1.45

L ]
1.40 -
1354
3130
1251

1.20 4 /

1.15

T T T T T T T 1 T

5 10 15 20 25

[Q)/10° mol « L*

B 10 EB-DNA #RESWHRAE TR L%
Fig. 10 Emission quenching curves of complex
with increasing concentration

SHEMEE, BRI FEB K = 1. 403 x 10°
L/mol. 5 % #i| Scatchard B B: 1B 4E & F I
1.16 x 10* L/mol, #8278 K. IR K 8 B K/
BUEEY S DNA HE G AR, Rk ey

5 DNA HFEEHHMEARLE S
3 g

AXESMBEERTEERTEREWIN
(C12N3H9)2(C3H4N2)z] - (C104) - CL FH%&I‘%
Wk TR PR TRCA Y # DNA MAEE
YEF, B Volmer - Stern K i 2845 F e & ¥y *¢
EB - DNA & R R R AR TSR EEX.
PER BB N K =1.403 x 10* L/mol. H Scatchard
LR B HBCH 1. 16 X 10° L/mol , FlE& 4
5 DNA FFEHAMARLE S ML) REeYSs
DNA Z & B ERB S A, XEERHEA

gasl.
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