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During cell division, the telomeric sequence will be shortened and eventually lead to cellular
senescence. The enzyme telomerase allows the elongation of telomeric DNA. Although telomerase
appears in more than 85% of tumor cells, it is not expressed in most somatic cells. Therefore, a
number of aromatic molecules have been investigated for their ability to stabilize quadruplex
structures and to inhibit telomerase activity. Here we have used induced circular dichroism to study
the binding of thionin molecule to various guanine-rich quadruplexes. Our results show that external
stacking on the end surface of the G-quartet associated with electrostatic interaction with the loops
or tails is the major binding mode of thionin with these G-quadruplexes. Absorption titration and
competition dialysis were applied to measure the selectivity and binding affinities of the molecule to
various DNA. Melting temperature and telomerase IC50 were measured for drug screening. We
have synthesized a new molecule of 3,6-bis-(1-methyl-4-vinylpyridium iodine) carbazole (BMVC)
for stabilizing the quadruplex structure of human telomeric sequence of d(T,AG,), and inhibiting
telomerase activity. In addition, significant increase of the fluorescence of the BMVC upon
interacting with the d(T,AG;), may allow it as a useful G-gucdruplex specific bio-marker.
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[d(GC),], ((XFEE GO ~ d(GCGCT,GCGC) (HD)™ ~
Oxy'"” ~ [d(T,G,),], (Tet)®” ~ d(G,T,G,TGTG,T,G,)
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BRAEREAIA thionin [
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Fe 51 i 188 S A% FH R IR AR B E R > 1140 Oxy »
Apt ~ Lql Hl Lq2 £ 260 nm B FRE 55 B2
115200 ~ 143300 ~ 57800 £ 74000 - FHEFRE 0.1
mM E7FERER DNA /AR 20 ul Z2—A&H 10
UM HIGEERATR 2 mL H - F— R E & 10 53
SRR G FHRCsRILIRIOEEE - & 5 PRI ats N2
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28 FRYBERRIR Z(EH < S (EFE R ZFF thionin BEER
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BEVRFE (melting temperature) £ 2 £ 20 ARG >
iMmEL B EZ 25T AEYIE TRAP B Birh &R im AL
FEZHIFIEE (telomerase 1C50) » 23R VYRS FE TS
TE ST R E B e B G s B SR VA MR A 1R
FERIMERAME o HOLMAMAE triazine ATV S
o PR — MR - BT A S
FH) Oxy B » LLEZ S thionin HIEN
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K
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thionin #9357 F 4218 24 JN\KE 44 > B 10%
8 SDS X% 1% 0B KL o (b) AR thionin
HemomEie s o

295 nm HYEEEHSREEIR I 5 FEE] 90 &2 i -
EFEIIHEA - & 7(a) 2 d(T,AG,), (Hum) VY5
FEDNA thionin Biff%:2 295 nm et ANGERE 1 o
AL o SRR ¢ thionin HE ISR IS ES
BE3E -

5% HH B B2 e A R B T S s S T B B S R
TRAP il thionin FAL 2 INHERE > 19
B 10 uM ° SEHEEEE tetra-(N-methyl-4-pyridyl)
porphine %] 6.5 uM"" F1 2,6-diamidoanthraquinone "]
23 uM"” FHIIT o BfESR thionin AJ DL 2R k7 %
FANEE - R TS H TR S S AR ERE
P PR EDCE - 558 10 uM BRI FriiE
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Thionin ~ carbazole
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Carbazole

#1 BMVC #4ib& 4
&R 0 A& Hum
v Rk AR N (a)
thionin ~ (b) carbazole
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— N
o o

o

3
Tm=552°C Y

295 nm 7% KA IERE 0 40 80

Y E S EX YA

ethidium fi74:#J89 18 nM"” ~ dibenzophenan-throline
BT 28 M ~ triazine HTAEYIHY 41 nM™
telomestatin ) 5 nM"” € acridine fT2E#I1Y 330
nM"” #AHEEEE -

1. #ZEYSF : BMVC

BT AR Tl & AT RO U I RS R E 0 1
FHRAANE SR thionin FIRFERSEZATAEY) > K
tBL carbazole Ryilia?) - E R HEBREENRK
F&E o (o R B i A L P (T Y BRERAS S BT RERE
PILIETE a0 G R E VRSt - FFTER T 3.6-
bis(1-methyl-4-vinylpyridium iodine)carbazole (BMVC)
W7 o [ 7(b) B 7(c) Mt Hum PGS
TE53 AN carbazole B2 BMVC Hij#%:Z 295 nm JiE
SRR RE U i L E] - A REE ¢ A

0 40 80 0 40 80
Temperature (°C)

IRERR R B - (R 13 &
#HH BMVC & —E{EH 78 J189 I B A i 1 e 45
T o SHAMREE 52 AT 1S 00 i A i 32 4110 1 8 P
IC50 43 7# 7R > 100 uM Ei1 0.1 uM > FH7~ BMVC
EAMSEA R RS (LAYTIEE - HATERMIEEFE
BMVC Eil Hum VUPREFERSAIIE RS - AEREHE
REREH R EENIERET - DUFE S HE H o2&
Yy -

B L BMVC ¥} GC i Hum BUFEEHES] -
8 ;& BMVC 73 HITEANFRRERT GC (& 8(a)) i
Hum ([& 8(b)) HYMIR E R « B 8 RV TIEAZ
y /C, ¥} y BY Scatchard plots ° ¥ HIHE R #H R
BMVC %f Hum £ 6.1 x 10° AU H 5 & BoaiEE
¥ GC 17 745 x 10° - {HIFEENE » EHEHL
VIERE A —ER KAYERE - B~ BMVC $#EAM

8.

BMVC 47 & 7 Bl i &
B (a) GC # (b)
Hum #9&$RE - F A&

Abs (a.u.)

n 278
K 6.1E6

NA T y/C# y &
Scatchard plots °
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GHHEARIFEEHEL o M Hum SRR
WAE GC fy K - sE l#5RE R BMVC ¥f Hum B
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2. BMVC FJ&EHMEE

BMVC 7 FH S —(EEE R E&ELEE -
9 /& BMVC HiH3FI7E GC 5 Hum FHF IR L il
EEE - REHERN - BMVC 7 B 85 SEFE 5 i
35  1E8E GC {EFI% » HEEnmsi—EEEN
{H27EE Hum {ERTR - HomE iy B RS -
& HE Hum BUfS & RE)T > BAFRER BMVC A1
TIECE AR WS & DNA SRS YIEST - Fil
1B T AEACH BMVC ZERE/ETERE T DNA ki
VAR - BREERNEHEE RN SUEERE [R5
HEE G VYRS - (HERSHMEREERE
HUEERS > FBPIATEISRET DNA Uikl B VURFSHE -
k¥ BMVC f£R[E DNA Bl afsidérhis- et a
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532 DA E e B B G- DY B A5 1 VE Ry
T o BRI TEEN: i AR 20 o SR LA
=ES TR0 0 REHERTE FRYEREE » R
FE AT - BTG TR EH%EY) 5
T DIREVEEE RN > FRAFIE RIS e R -
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I AL R AR E B FHENTE  HIE
B MR EEEST  IRIZTIRE I B2 45 M Ak i
JE - EEETEY) > o FE L MY R
carbazole Eil proflavin Fsf% LAINTAY) » ZHRTE
Btk E R - HET BMVC 28 &6 TE I
il ks B SRS I EEY T - (BRINE Y22
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RS » MG TR - BEF T HRERE
Bz PO REAS 1R (R T e TR (%
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RIRERTEIERIEETT - EFfZ MR T I B0 2
10 B ARIEEE - AR R B8 LB b
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dibenzophenanthroline F5f% UHIRTAEYIH - B
TR T WU ot o B 411 il v ez e SR T M AT B T LRI RR
% o HEANFEZLYIRI LR - EHERE R A 2
H - &R RS Bl b B R IRY - RS Bl
Rt ER o AHSCHY - BESHRTT VU AS R IS Bl R 2
10 LA ERIRRE 735 (L-FER E A i Rz AE £
HIRETS] - Uil SR Bl A7) © RNA R &
HEER - T8 RNA BRI ESEHNH & SRR
ThEEE! AT AR Rim bz ey o (EE I m R 3R
FIZHEENE AN LA B AR - TR 2 X
MPEERAEE - A REBTHIEIISER - FrllmhiiE R
A Y5 N LA R R I A A e RE
ANt Ui R e SR 701 BT AT R 3 BRI
Ty inREEY) -

S—{EFHBRARRRESE - AN{ATe R TR e R
e ? SEERTG i AT A U E AR B A B 2 2000 -2
FkE—JeRl o THEEAERF E DNA FPl > RIBEH R
B SRR LA E R AR MR AR R - KRyl
B ZERE 5 28 K1 b Koz I 32 HL BOGRE R B R AV PR 8t
(biomarker) > #f A4 IR R A I 2 TR 2L
HY o AL {HEFHERTE ethidium RS EPUE
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R e Y 4k = o
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(¢c) ¥A diben-zophenanthroline 2 4% ATm (°C)

NTETURE

s HIRRELIRE > (BB b b e SR T R 2D
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FIFrEEAE - Rt RES IS ik B2 T 1 - (HREA
TEFHUR RS R E MERT T - B AT RERICR FEER )
SIERE IR BREt 1 - FTLARRG TR E Uk s f
S S L SR TS MR RHT T o AMEAE IR 3E
PIREE I - FIRFURESE ORI E YIRSt - FEIMNEE
BRI IE R - & TSR B T R R R E R
BT > sESRR Mt — BRI T -

BABHT R RITERAMATHLA A REL
e84 o BRI 2R il B kB
IC50 8y T4E « SER/HBRE T LM Ry RA4= ¢
RAFIN S TR REH >~ Blla - Rz -
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