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研究成果の概要（和文）：本研究では、(1)初めてペプチドをリンカーとして新規リガンドクラスターの構築に
使用した。環状ナフタレンジイミド（cNDI)をG4リガンドユニットとして採用し、pep-cNDI 二量体を新たに合成
し、G-quadruplex認識への応用性も評価した。（2）CDベースのTm測定およびITCベースの結合親和性アッセイに
より、pep-cNDI二量体がモノG-quadruplexの認識および安定化に対する優先度が高いことを確認した。 (3) 
ESI-MS の結果により、2 つの pep-cNDI 二量体が 1 つの G-quadruplex 構造に結合し、より安定した複合体を
形成することを示唆していた。

研究成果の概要（英文）：In this study, (1) we firstly employed peptide as the linker part to 
construct novel ligand cluster, cyclic naphthalene diimide was adopted as the base G4 ligand unit, 
which showed preference for G-quadruplex recognition; several pep-cNDI dimers were newly 
synthesized; (2) then we confirmed that pep-cNDI dimers showed enhanced preference for recognizing 
and stabilizing mono G-quadruplex than cNDI monomer, within the determination by CD-based Tm 
measurement and ITC-based binding affinity assay; (3) finally we adopted ESI-MS to analyze the 
binding property of pep-cNDI dimers with G-quadruplex, the results suggested that two pep-cNDI 
dimers prefer to bind to one G-quadruplex structure and form a much more stable complex

研究分野： 生体関連化学

キーワード： G-quadruplex　naphthalene diimide　peptide linker　cluster

  ２版

令和

研究成果の学術的意義や社会的意義
We firstly adopted peptide as linker part for constructing G4 ligand cluster, and confirmed the high
 potentiality of peptide as linker, which could enrich the development of new group of G4 ligands.

※科研費による研究は、研究者の自覚と責任において実施するものです。そのため、研究の実施や研究成果の公表等に
ついては、国の要請等に基づくものではなく、その研究成果に関する見解や責任は、研究者個人に帰属します。
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1. Research background 

G-quadruplex has been a promising anticancer therapy target, due to its biological roles involved into 

regulating genome activation and telomere length. Numerous small molecules were reported with G-

quadruplex binding affinity, and considered as new chemo-anticancer agent candidates. Some dimeric 

molecules or even tetrameric molecules were developed for recognizing multiple G-quadruplex. And 

generally alky-chain or PEG chain were frequently adopted to construct these molecule multimers. As the 

increasing potentiality of peptide for G-quadruplex recognition, the conjugation of G4 ligand with peptide 

to construct new G4 ligand shows promising G4 specificity. 

 

2．Research purpose 

In this study, we firstly adopted peptide as the linker part to construct novel ligand cluster, and identified 

the availability of applying peptide for connecting G4 ligands. As the base G4 ligand, cyclic naphthalene 

diimide was adopted, which showed preference for G-quadruplex recognition, then we synthesized several 

novel pep-cNDI dimers. Then instead of investigating the specificity of pep-cNDI dimers for discriminating 

G-quadruplex multimer from monomer, here we confirmed that pep-cNDI dimers showed enhanced 

preference for recognizing and stabilizing mono G-quadruplex than cNDI monomer.  

 

3. Research methods 

(1) PEG mimicked in vitro molecular crowding condition for investigation 

(2) Organic chemical synthesis of cNDI 

(3) Fmoc-peptide synthesis for constructing pep-cNDI dimers 

(4) CD spectra based Tm measurement 

(5) ITC based binding affinity assay 

(6) ESI-MS  

 
4. Results 

(1) Identify the property of cNDI derivatives for recognizing G-quadruplex under an in vitro mimic-condition. 

   We first investigated the interaction of cNDI derivatives with G-quadruplex under PEG mimicked in vitro 

molecular crowding conditions to obtain information about the property of cNDIs for in vivo application. 

With adopting CD, ITC and UV-vis techiniques, cNDI derivatives were demonstrated with a high ability to 

recognize and stabilize G-quadruplex under a crowding environment, and the binding affinity was slightly 
decreased but still comparable to an in-vitro dilute condition (Figure 1). Without the assistance of 

potassium ion, cNDIs favor telomere G1 to form a hybrid G-quadruplex under molecular crowding condition. 

(Molecules 2020, 25, 668). 

Figure 1. The binding affinity of cNDI derivatives to G-quadruplex under diluting condition and molecular 

crowding condition based on ITC and UV-vis spectra absorbance. 

(2) Peptide tethered cyclic naphthalene diimide dimer perform enhanced G-quadruplex recognition and 

stabilization 

  In this study, we adopted glycine repeats (the simplest peptide) as the linker part to construct several 

pep-cNDI dimers (GEE, GEGE, GEGGE and GEG7E), GEG was adopted as a mono-cNDI control (Figure 

2). We confirmed that pep-cNDI dimers showed enhanced preference for recognizing and stabilizing mono 

G-quadruplex than cNDI monomer, based on the CD-based Tm measurement, and ITC-based on binding 

affinity calculation. Then we adopted ESI-MS to analyze the binding property of pep-cNDI dimers with G-



quadruplex, the results suggested that two pep-cNDI dimers prefer to bind to one G-quadruplex structure 

and form a much more stable complex (Figure 3). (Manuscript in preparation). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Synthesis scheme of peptide tethered cNDI-dimer and monomer 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Spectrum of ESI-MS .Telomere G1 with GEG; telomere G1 with GEE; 
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