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Controlling of Current Across Lipid Membranes using Laser-Induced
Gold Nanoparticle Heating

Mir Hossein seyed Nazari®, Pouria Ghasemi?, Seyedeh Mahshad Hosseini!, Fatemeh Arefnial,
Javad Fahanik Babaei?, Afsaneh Eliassi? and Mohammad Ismail Zibaii'”"

!Laser and Plasma Research Institute, Shahid Beheshti University, Tehran
2Department of Physiology, Shahid Beheshti Univerity of Medical Science, Tehran

Abstract- In this paper, we used temperature manipulation a bilayer lipid membrane (BLM) to reversibly control the
electrical resistance and the amount of current that flows through the bilayer membrane with pA resolution. For this
experiment, heating is achieved by irradiating AuNPs that are surrounded by the bilayer membrane with laser light at
their plasmon resonance frequency. Obtained results show that the AuUNPs convert light into local heating, creating small
and localized heat sources, lead to the formation of a small pore in the lipid membrane and ultimately allowing increasing
the permeability of BLMs. The whole process is monitored with bright field microscopy and patch-clamp equipment.
This approach of controlling biological systems and cellular function with high Spatio-temporal resolution can be used
for neuronal photostimulation.

Keywords: Optical stimulation, Plasmonic heating, Phospholipid membrane, Gold nanoparticle
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C =228 pf, 1 =1 pA, 50 nm AuNP
Stimulation [f=1Hz, Number of pulse=10, Duty=99, Delay=5000 msec]
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C =289 pf, I =-4 pA, 10 nm AuNP
30 Stimulation [f=1Hz, Number of pulse=10, Duty=99, Delay=5000 msec]

50 100 150 200 250

Lo 35 5l () sl S 5l ol gl DS
VHZ LlS 33 b odl 2l o jtagil Ve ol

109 C =329 pf, I =-3 pA, 10 nm AuNP
30 Stimulation [CW]
60 |
40 = =
20/
| ——— e
20| ; i
40| al e ! |
604 &9 Sy plad]
-80 | f‘l_.
| 20s
-100 |
20 40 60 80 100 120 140 160

L o35l gl (g slid S 25 5l ol b # S
Cwgr Sl Cod el Ve ol
ombeyS g Mo DSl jgam cgualBle cpl o
Ol e G b pafinns 5o &9 il oy ol
slal iol38l b oogd s il 5d (b 5l G olas

Ol a4 jo g I3l 5l Jol> ka5 &l )34it

Db o ytwd B WWW.OPSHIT Colis jo a5 col jlael sy 5y90,0 dlis oyl


https://www.ncbi.nlm.nih.gov/pubmed/?term=Kirchner%20SR%5BAuthor%5D&cauthor=true&cauthor_uid=26940847
https://www.ncbi.nlm.nih.gov/pubmed/?term=M%26%23x000fc%3Bhlbauer%20C%5BAuthor%5D&cauthor=true&cauthor_uid=26940847
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lohm%26%23x000fc%3Bller%20T%5BAuthor%5D&cauthor=true&cauthor_uid=26940847
https://www.ncbi.nlm.nih.gov/pubmed/?term=Feldmann%20J%5BAuthor%5D&cauthor=true&cauthor_uid=26940847
https://www.ncbi.nlm.nih.gov/pubmed/?term=Thermophysical+and+biological+responses+of+gold+nanoparticle+laser+heating
http://opsi.ir/article-1-2119-en.html
http://www.tcpdf.org

