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Experiences in Research during Post Doctoral Study 

(NIMS, JAPAN) 

 

1) Multinuclear Heterometallic Peptide Complexes (MHC) via SPPS 
method 

 

 

 

 

 

 

 

a) Self Assembled Water Soluble Multinuclear Heterometallic Complexes and Their Interaction 
with DNA/RNA: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure: Vesicle Formed by Metallo-Peptide derivatives in different conditions. 

Reference: Sukul et. all., Chem Commun. 2016, 52, 1579-1581. 
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b) Applications of the Multi-Metallic Vesicles for the Inhibition of Amyloid Formation: A Novel 
Approach for Anti-Aging Research: 

 

 

 

 

 

 

 

 

2) SPPS synthesis of Amyloid forming TTR1 peptide derivatives and study 

of their inhibiting agent:  

 

 

 

 

 

 

 

 

 

 

 

 

Reference:  

I) Patent; Inventor: Pradip K. Sukul and K. Tashiro 

Organization: National Institute for Materials Science, Japan 

Multi-Metallic 

Peptide Complex 

Amyloid fibers from Aβ1-42 

peptide 

No Amyloid fibers from Aβ1-42 

peptide in presence of Metallo-

Peptide complex 

Designed Metal 

Complex 

Amyloid fibers from TTR1 

peptide 
No Amyloid fibers from TTR1 

peptide in presence of complex 



Title:  Inhibitor suppresses formation of amyloid fibrils, degrades amyloid fibrils decomposing agent, 

prevention of neurodegenerative diseases, medicaments for the treatment and / or inhibiting the 

progression, as well as the manufacturing method of inhibitors and degradation agents 

Patent No.: Japan 2015023490.  

II) Manuscript Ready for Submission. 

3) Self healing hydrogels composed of amyloid nano fibrils for cell culture 
and stem cell differentiation 

 

 

 

 

 

 

 

 

 

 

 

 

Amyloids are highly ordered protein/peptide aggregates associated with human diseases as well as 

various native biological functions. Given the diverse range of physiochemical properties of amyloids, 

we hypothesized that higher order amyloid self-assembly could be used for fabricating novel 

hydrogels for biomaterial applications. The stiffness of these gels are tunable by varying peptide/salt 

concentrations and able to support the attachment and spreading of diverse range of cell types, and in 

driving neuronal differentiation of mesenchymal stem cells. Taken together, our results showed the 

diverse applicability of amyloid-based hydrogels for biomaterial/nanotechnological applications. 

Reference: Biomaterials, 2015, 54, 97-105. 



Experiences in Research during PhD (IACS, 

KOLKATA) 

Project-1: Luminescent bicomponent hydrogel  

 

Utilizing supramolecular weak interactions 

(hydrogen bonding and π-π stacking) as a tool to 

form three dimensional networks, we have 

designed new type of water soluble perylene 

bisimide which form hydrogel upon addition of 

melamine to the aqueous solution. The produced hydrogel showed bright yellow fluorescence whereas 

solution showed no fluorescence. Large blue shifting with increase in intensity occurs in the gel 

indicating the formation of H-type aggregation of the excitons which is rare. The individual fibers in 

the dried gel also showed bright fluorescence look application in the bio-sensor materials. 

Reference: Chem. Commun., 2011, 47, 11858-11860. 

Project-2: Supramolecular sensor for cysteine/homocysteine in aqueous 

medium 

Our previous work with the melamine induced 

specific H type aggregation of perylene derivative 

was encouraging as the self assembled system 

showed strong luminescence. To turn off the 

fluorescence of this system, we have searched a specific metal ion. Among all the tested bivalent 

metal ions, only Hg2+ is a specific and excellent quencher. Perylene-melamine hydrogen bonded 

network when complex with Hg2+ produced a chemosensing ensemble probe. This probe is highly 

sensitive towards homocysteine (small to cysteine) among all other amino acids. We have applied the 

probe to detect quantitatively the amount of homocysteine and cysteine in human urine and blood 

plasma. 

Reference: New Journal of Chemistry, 2015, 39, 5084-5087. 
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Project-3: Stimuli responsive aggregation of water soluble perylene 

bisimide towards application of intracellular pH measurement 

 

 

We have design in a very nice way amino acid 

substituted perylene derivatives which form 

hydrogel upon lowering the pH of the medium. 

This system exhibits induction of chirality 

during aggregation which shows helical bias in 

CD spectra with zero crossing near to the λmax of UV-

Vis spectra. Fluorescence spectra indicate the formation of a new band at higher wavelength due to 

aggregation. We have applied this concept of pH dependent fluorescence change from in vitro to in 

vivo. Successfully this non toxic system can measure the intracellular pH. 

Reference: 1. J. Mater. Chem. B, 2013, 1, 153-156.…………………… (Front cover page) 

                     2. Chem. Eur. J., 2014, 20, 3019-3022. 

Project-4: Core-shell super paramagnetic nano particle for the MRI agent 

We have prepared core-shell super paramagnetic nano particle 

in which shell was consist of perylene bisimide ligand. Due to 

presence of hydrophilic groups outward the shell, these 

particles are highly water dispersible. These nano particles 

showed super paramagnetic behavior at room temperature. 

The mean blocking temperature (TB) for this particle was 

140 K. We have potentially applied these materials for MRI 

imaging purpose in collaboration with Medical Doctors. 

Reference: Manuscript under preparation. 
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Project-5: Hydrogel of vitamine B4 

Taking the advantages of the hydrogen bonding donor and 

acceptor capability of adenine, we have design several 

tricarboxylic acid to produce hydrogel. It is important to 

presence of symmetry of the hydrogen bonding sites (C3) between 

adenine and tricarboxylic acids. These hydrogel looks application 

in tissue engineering. We have synthesized long π-conjugated 

tricarboxylic acid which form hydrogel and applied to remove toxic dye from waste water. 

Reference: 1. Soft Matter, 2011, 7, 4234-4241. 

                     2. RSC Adv., 2013, 3, 1902-1915. 

 

 

 

 

 

 

 

Hydro gel 

matrix 

Dye 

Dye adsorbed 

Hydro gel 

matrix 

http://pubs.rsc.org/en/journals/journal/ra

