
OVERVIEW  

 

Nanopores or Ion Channels and its Applications 

 

Types of Nanopores or Ion Channels 

 

Nanopores or Ion Channel via Macrocycles 

 

t-BLM formation and characterization of 

Supramolecular Nanopores via AFM 
 

 



Applications of Ion Channel 

 
 

1)  Cell membrane 

 

2)  Main target class in drug discovery and delivery 

 

3)  Protein Based Polymer in the form of Nanopores are active areas for Drug 

Delivery. 

 

4) 50% currently available drugs interact with cell membranes through 

Nanopores, well know examples are Nicotine, and Inositol trisphosphate etc. 

 

5) Despite the physiological significance and therapeutic relevance in a wide 

variety of biological systems, ion channels still remain under exploited as 

drug targets. This is to a large extent resulting from the historical lack of 

screening technologies to provide the throughput and quality of data 

required to support medicinal chemistry. 



Nanopores via Macrocycles 



 Synthetic ion channels and pores with Rigid-Rod molecules 
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Synthesis of p-Octiphenyloctacalix[4]arene 

p-Octiphenyloctacalix[4]arene  

Multifunctional Pore 



Hoop and Stave for the Formation of Barrel 
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Ogoshi 

Amino acids 

carbohydrates 

yagi 

Alkaloids and amines 
Aida 

Fullerenes and amines 

Schnieder 

nucleotides 

hoop-hoop - interaction 3.4% 

~5 Å
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New Synthetic Multifunctional Pores: From Rigid-Rod -Barrels 

Toward Rigid-Rod -Barrels 
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Design of Rigid-Rod -Barrels as Multifunctional Pores (Specific Examples) 
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Pores via Urea base macrocycles 

Hydrogen Bonding and Pi-

pi-stacking ability can be 

exploited to form nanopores 
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Structural 

 Features  

Central Core 

Peripheral Units 

Pores via Hybrid Multicalixarene 



AFM was developed in 1986 by G. Binning and H. Rohrer 

A normal AFM instrument consist of the following parts  

 

® probe (cantilvers) 

  

® cantilever deflection monitoring system (The AFM head uses a beam 

deflection system to monitor the cantilever displacement.) 

     

® scanning system (Piezoelectric scanner) 

     

® electronics  

     

® computer  

Introduction of AFM 
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DPHL 

DPOL 

DPTDL 

DPHT, DPOT 

2,3-di-O-phytanyl-sn-glycerol-1-tetraethylene glycol-D,L- -lipoic acid ester lipid (DPTL).  

Investigation step by 

step tBLM 

http://www.mpip-mainz.mpg.de/%7Enaumannr/popups/DPTL.html
http://www.mpip-mainz.mpg.de/%7Enaumannr/popups/DPTL.html
http://www.mpip-mainz.mpg.de/%7Enaumannr/popups/DPTL.html
http://www.mpip-mainz.mpg.de/%7Enaumannr/popups/DPTL.html
http://www.mpip-mainz.mpg.de/%7Enaumannr/popups/DPTL.html
http://www.mpip-mainz.mpg.de/%7Enaumannr/popups/DPTL.html
http://www.mpip-mainz.mpg.de/%7Enaumannr/popups/DPTL.html
http://www.mpip-mainz.mpg.de/%7Enaumannr/popups/DPTL.html
http://www.mpip-mainz.mpg.de/%7Enaumannr/popups/DPTL.html
http://www.mpip-mainz.mpg.de/%7Enaumannr/popups/DPTL.html
http://www.mpip-mainz.mpg.de/%7Enaumannr/popups/DPTL.html
http://www.mpip-mainz.mpg.de/%7Enaumannr/popups/DPTL.html
http://www.mpip-mainz.mpg.de/%7Enaumannr/popups/DPTL.html
http://www.mpip-mainz.mpg.de/%7Enaumannr/popups/DPTL.html
http://www.mpip-mainz.mpg.de/%7Enaumannr/popups/DPTL.html
http://www.mpip-mainz.mpg.de/%7Enaumannr/popups/DPTL.html
http://www.mpip-mainz.mpg.de/%7Enaumannr/popups/DPTL.html
http://www.mpip-mainz.mpg.de/%7Enaumannr/popups/DPTL.html
http://www.mpip-mainz.mpg.de/%7Enaumannr/popups/DPTL.html
http://www.mpip-mainz.mpg.de/%7Enaumannr/popups/DPTL.html
http://www.mpip-mainz.mpg.de/%7Enaumannr/popups/DPTL.html
http://www.mpip-mainz.mpg.de/%7Enaumannr/popups/DPTL.html
http://www.mpip-mainz.mpg.de/%7Enaumannr/popups/DPTL.html


Synthesis of Lipids 



Problems in resolution and tip 

1) Cantilevers silicon 70 kHz frequency (Soft, produce high resolution) 

2) Cantilevers kept under vacuum for overnight 

3) Cantilevers plasma cleaned prior to use 

4) Liquid cell along with O-ring sonicated in detergent for 30 minutes at 

40°C 

5) Sonicated in ethanol for 30 minutes 

6) Rinsed extensively with Milli-Q 

7) Everything dried with flush of nitrogen 

8) Extremely soft taping 

9) Target amplitude was kept in between 2-3. 

10) For higher resolution always Z-range was decreased. 

 



Proposed Mechanism for the Self-assembly Process 
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Differences in roughness indicate the self assembly process 

DPTL 

Roughness 

0.329 nm 

Gold surface 

Roughness 

0.172 nm 

Gold surface 

Roughness 

0.247 nm 

DPTL 

Roughness 

0.187 nm 

After 10 minutes self-assembly of DPTL 

After 60 minutes self-assembly of DPTL 

06 µ molar solution 

06 µ molar solution 
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Time dependent cross-sectional analysis of DPTL after 10 and 60 minutes 

Roughness=0.548 nm 
Roughness=0.329 nm 

Height of particle= 3.534 nm Height=1.112 nm 

10 minutes, 06 µmol  60 minutes 06 µ molar solution 



Time dependent cross-sectional analysis of DPTL after 2h and 4h. 

Roughness=0.535 

Height=3.521 Height=3.654 

2 hours 4 hours 
06 µ molar solution 

06 µ molar solution 



Time dependent cross-sectional analysis of DPTL after 8h and 12h 

Height=3.666 nm Height=3.136 nm 

8 hour 12 hour 06 µ molar solution 06 µ molar solution 



Time dependent cross-sectional analysis of DPTL after 24 hours 

Height=3.453 nm 

06 µ molar solution 



Langmuir 2004, 20, 11600-11606 

Lipid bilayer formation via vesicle fusion 



3 µg/ml solutions of DPhyPC vesicles insitu water 10 min . 



50 mg/ml solutions of DPhyPC vesicles. After 10 min of fusion. 

Height =7.23 



Height=4.994 nm 

3 µg/ml solutions of DPhyPC vesicles after 10 minutes. 



Height=5.130 nm 

5 µm solutions of DPhyPC vesicles after 10 minutes. 



3 µg/ml solutions of DPhyPC vesicles after 10 minutes 



3 µg/ml solutions of DPhyPC vesicles after 20 minutes. 



3 µg/ml solutions of DPhyPC vesicles after 1hour. 

Formation of Giant Vesicle



3 µg/ml solutions of DPhyPC vesicles after 2.5hours. 

Mechanism of Bilayer formation



Height=3.242 nm 

3 µg/ml solutions of DPhyPC vesicles after 3 hours. 



3 µg/ml solutions of DPhyPC vesicles after 6hours. 

Vert distance=3.331 



3 µg/ml solutions of DPhyPC vesicles after 8hours. 

Vert distance=2.233 



3 µg/ml solutions of DPhyPC vesicles after 9hours. 

Vert. distance=4.037 



3 µg/ml solutions of DPhyPC vesicles after 12hours. 

Vert distance= 3.228 



Taking 02 µl solution from a stock of 0.5µg/µl and adding it to 400 µL 

0.005µg/µl solution of Calixarene pore after 08 hours 

  

100 nm 



External diameter=8.858 nm

0.005µg/µl solution of Calixarene pore after 08 

hours 
100 nm 



Acknowledgments 

Stefan Matile (Geneva) 

Ingo Koper (MPI-Mainz) 

Wolfgang Knoll (MPI-Mainz) 

Zahid Hussain 

Qamar Ali 

Asra Mustafa 

Said Nadeem 

Maimoona Khatoon 

M. Iqbal Choudhary 

Rüdiger Berger (MPI-Mainz) 

Uwe Rietzler (MPI-Mainz) 

Funding  

HEC, PSF, OPCW, ISECO 

Technical and Non-

technical staff of 

HEJ and MPIP. 


