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Induction Stabilization and Fluorescence—based Switch—on Detection of
G—Quadruplex by Zinc(I)-salen Complex

Wang, Yafen' Zhang, Xiong' Liu, Chaoxing’ Zhou, Xiang*
(College of Chemistry and Molecular Sciences, Key Laboratory of Biomedical Polymers of Ministry of Education, The Insti-
tute for Advanced Studies, Hubei Province Key Laboratory of Allergy and Immunology, Wuhan University, Wuhan 430072)

Abstract  G-quadruplexes play vital roles in telomere maintenance and other biological systems. An effective
G-quadruplexes stabilizer can be a promising medicine for cancer therapy. Here, a Zinc(II) with salen derivatives as ligands
(ZSC) has been prepared through two simple steps syntheses. 2,4-Dihydroxybenzaldehyde (1 equiv.),
1-(2-chloroethyl)pyrrolidine hydrochloride (1 equiv.) and potassium carbonate (2 equiv.) were dissolved in 150 mL acetone.
After reflux for 20 h in Ar atmosphere and purification, the product 2-hydroxy-4-(2-(pyrrolidin-1-yl)ethoxy)benzaldehyde
was obtained to yield 3.24 g (68.8%) as a pale solid. For the other step, 2-hydroxy-4-(2-(pyrrolidin-1-yl)ethoxy)benzaldehyde
(2 equiv.) and diaminomaleonitrile (1 equiv.) were dissolved into 10 mL methanol. After 20 min stirring at 60 ‘C in dark
atmosphere, the Zinc acetate dehydrate (1 equiv.) was added in the solution for further 2 h reaction time. The final product
Zinc(IT)-salen Complex (ZSC) was purified to yield 245 mg (67.7%) as a red powder. The fluorescence, CD spectra are re-
ported, giving insight into the intrinsic properties of the compound. The Zinc(Il)-salen Complex could simply discriminate
G-quadruplex from other DNA conformations such as hairpin, double-stranded DNA and single-stranded DNA by using flu-
orescence spectra. To the best of our knowledge, ZSC is the first Zinc(II)-salen Complex bearing features of inducing, stabi-
lizing, fluorescence-based switch-on detecting G-quadruplex. In addition, ZSC can also change the Z G-quadruplex to paral-
lel G-quadruplex. Such a sensitive and topology-specific probe is able to light up G-quadruplexes and gain an excellently
quantitative detection of DNA bearing G-quadruplexes sequences. The detailed study of the interactions of ZSC with differ-
ent topology DNAs has allowed us to build the most vital features that Zinc(II)-salen Complex can be a potential anticancer
drug and in application to other bioanalytes. In the future, we will use the Zinc(Il)-salen Complex to downstream the gene
expression in the gene promoter area to help analyze more biological processes or use it to selectively inhibit viruses which
containing G-quadruplexes.
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Figure 1 Synthesis of Zinc(Il)-salen complex (ZSC)

Step 1: 2,4-dihydroxybenzaldehyde (2.76 g, 20 mmol), 1-(2-chloroethyl)-
pyrrolidine hydrochloride (3.40 g, 20 mmol) and potassium carbonate (5.56 g,
40 mmol) were dissolved in 150 mL acetone. After reflux for 20 h in Ar at-
mosphere, the product was dried in vacuum, then extraction by ethyl acetate
(200 mL) three times. Finally, the product 2-hydroxy-4-(2-(pyrrolidin-
1-yl)ethoxy)benzaldehyde was purified by silica gel column chromatography
using eluent CH>Cl,/MeOH (V/V=30 : 1~20 : 1) to yield 3.24 g (68.8%) as
a pale solid. Step 2: 2-hydroxy-4-(2-(pyrrolidin-1-yl)ethoxy)benzaldehyde
(285 mg, 1.2 mmol) and diaminomaleonitrile (65 mg, 0.6 mmol) were dis-
solved into 10 mL methanol. After 20 min stirring at 60 C in dark atmos-
phere, the Zinc acetate dehydrate (132 mg, 0.6 mmol) was added in the solu-
tion for further 2 h reaction time. The final product Zinc(II)-salen Complex
(ZSC) was obtained by silica gel column chromatography using eluent
CH,Cl,/MeOH/EtN (V/VIV=65 : 3 I 1) to yield 245 mg (67.7%) as a red
powder.
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Figure 2 Fluorescence spectra of different configuration ODNs after incubation with ZSC
a. The mixture of 1 uL DNA (100 pmol/L) and 10 pL ZSC (200 pmol/L) were incubated in 100 mmol/L K" Tris-HCI (10 mmol/L, pH 7.2) buffer at 37 C for 30
min. b. The mixture of 1 uL DNA (100 umol/L) and 10 uL ZSC (200 pmol/L) were incubated in 10 mmol/L Tris-HCI (pH 7.2) buffer at 37 ‘C for 30 min
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Figure 3 Fluorescence intensity and CD analysis of hybrid-type G-quadruplex UspBQ1

a. The fluorescence spectra of UspBQ1 in different concentration incubated with 10 pmol/L ZSC under the condition of 10 mmol/L Tris-HCl (pH 7.2) at 37 °C for
30 min. b. Analysis of data about fluorescence intensity dependence on different DNA concentration shown in (a). c. CD spectra of UspBQ1 under different condi-
tion. d. The melting curves of UspBQ1 under the condition of 100 mmol/L K" and 100 mmol/L K" with 10 pmol/L ZSC respectively
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Figure 4 Fluorescence intensity and CD analysis of parallel G-quadruplex ckit
a. The fluorescence spectra of ckit in different concentration incubated with 10 pmol/L ZSC under the condition of 10 mmol/L Tris-HCI (pH 7.2) at 37 C for 30
min. b. Analysis of data about fluorescence intensity dependence on different DNA concentration shown in (a). c. CD spectra of ckit under different condition. d. The
melting curves of ckit under the condition of 100 mmol/L K* and 100 mmol/L K with 10 umol/L ZSC respectively
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Figure 5 Fluorescence intensity and CD analysis of Z-G-quadruplex (ZG4)
a. The fluorescence spectra of ZG4 in different concentration incubated with 10 pmol/L ZSC under the condition of 10 mmol/L Tris-HCI (pH 7.2) at 37 ‘C for 30
min. b. Analysis of data about fluorescence intensity dependence on different DNA concentration shown in (a). ¢ and d. CD spectra of ZG4 under different conditions
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30 min. FAHNWEVEZRIEA AR, 300 L A RE
4 225 uL {IEB4LK, 30 uL 100 pmol/L ) DNA, 30 pL
1 mol/L K'ff] Tris-HCl (pH=7.2)ZE A1 15 uL 200
pmol/L MIEW) ZSC. [FIFER 37 CHFE 30 min.
Jasco-810 spectropolarimeter 33517 44 i 15 B [ 5E .

46 2-BRE-A4-2-MEREE)ZEEFPENEKRSH
&

TEREA BERERL T 250 mL = HBSH NN 2,4-— 5
FORHEE(2.76 g, 20 mmol), N-(2-58 £ 3) ik g e £h AR
(3.40 g, 20 mmol)FHKEREH(5.56 g, 40 mmol), TEE A
SRR IIN 150 mL R, 60 °C i eI 20 h, =
RLgE oG, KIEIEZA bR L E. 285 e BmA
200 mL 7K, FRfEE S =k, BN 200 mL LR 2B
I, EIFENAR, R 28RS 2 =Y. s H
RERCAE (B3, WPEFIE A V(CH,CL,) © V(CHOH)=30 :
1~20 1 PREW, BATEOEWGE. ™, B2+
e, 135 3.24 g KAGREKG=EN 68.8%). 'H NMR
(300 MHz, DMSO-dg) d: 9.99 (s, 1H), 7.59 (d, J=8.6 Hz,
1H), 6.54 (d, J=8.5 Hz, 1H), 6.47 (s, 1H), 4.10 (t, J=5.1
Hz, 2H), 2.79~2.78 (m, 2H), 2.51~2.50 (m, 4H), 1.66~
1.65 (m, 4H); C NMR (75 MHz, DMSO-d) J: 191.38,
165.48, 163.51, 132.51, 116.55, 108.03, 101.63, 67.40,
54.30, 23.45. HRMS calcd for C;3H;sNO;" [M+H]"
236.12812, found 236.12787.

4.7 HEALEMI(ZSC)EREL

TEREA BERERET-1 50 mL BRESHT2 HIn A 2-
F4 Ak -4-(2-RHk P bi e ) £ SE 2R T (285 mg, 1.2 mmol)
2,3- & F-2- T (65 mg, 0.6 mmol). ZRJGHIA 10
mL HEE, 60 CRECIEE I 20 min, FATRMNAK R
RN K A EEEREE(132 mg, 0.6 mmol), B 7 B
FH A B8 (AR S M 2T (0, dkS B 2 h, JEid 2 @
[V(CH,Cl,) : (CH;0H) : MEt;N)=54: 3 : 1 {ENEITF
A M W R} 56 4 I R Se B O EE R, KA L
7 R O R AR T Bk 2, B RE R AE E AT 4 B SR Al )
[RBEFIA V(CHLCL) @ V(CH;0H) & M(Et;N)=65 : 3 :
1]. WLl b, BT, 18 245 mg LG AR K=
N 67.7%). "H NMR (300 MHz, DMSO-dy) : 8.35 (s, 2H),
7.46~7.15 (m, 2H), 6.23~6.22 (m, 4H), 4.12~4.11 (m,
4H), 2.98~2.72 (m, 4H), 2.71~2.34 (m, 8H), 1.99~1.54
(m, 8H); *C NMR (75 MHz, DMSO-d;) 6: 176.89, 166.50,
161.21, 138.27, 120.96, 114.69, 112.40, 107.56, 105.05,
67.07, 54.35, 23.50. HRMS calcd for C3H33NgO,Zn" [M
+H]" 605.18493, found 605.18161.
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