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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]

IATAR

L3 35 ) srmalyind dlid (g5, 2 a1 ol
CS i sl as Yeeppm clale b g yogili O 5 Ve olal
Sy el sais solatwl a5 ags Llpl Luegl
aild agSone o clié 4 Wb ol dgl Jlas!
Slhdgl (5,5 Sus el 48,55 D50 (S5 kel
plsl OYY NM a0 Job L ogrs j5d SO 5l eolaul LI
3 90 SlH3gil  Sgewdly Aall oogase b aS ol ous
Gl b ) S8 8 ol s Slines eolind
el oo 00ls lid (6 yiegili 0 396 (gl y Sgemdly

1"- A

° °
o @
T T
\ ~

Absorbance (a.u)
T
¥

o
N

700 50 50 000
Wavelength (nm)
S 5agli 07 Mo S35 Ggandly Dl il ) S5

Olydgb ol> (goudgind slic (g9, » LU 9 Ol
90,0 4 23 il ogm 5 O MW Sliglejl ads oMb
uj—wJY3t.\A 6‘)—’ DAQ u)ls )| oolawl ‘LS“JL’ C;)}.a

b e 655l g Sl Sl g dwgm 9 )5 (9>

s s -y
s 5 G sl Sl (6 )5me Ly (625 o3l (s
S8 el ol ooliinl cualS—zy (53905 589 2SI oS
@b il Glel pleaz goylsm b 5l ioled ¥
slic (59, b 2,350 (ondge Siale I 5l Jol> 2
S Goses Olyz S Wibies gsbge cnl ke o]

Sdgl gy » (ol g g Gla il b slie 5 )b

Al o s BB WWW.OPSLIT ol jo a5 cuul [Lael glyls 550, dllie o


https://opsi.ir/article-1-2119-fa.html

[ Downloaded from opsi.ir on 2026-02-03 ]

Olpl Sgigd (6)9l3 5 (owkiter (RS e d3l5d 5 Ol pl SEgis8 9 Syl (ST et 9 Cenn
VYA Crage 15D el eyt s o olStils

525 S 3 on I s VoL 5 (g pydsis
id 5l ooy il e g iSasS slal b o3k
ok S Lo 4y 3585 b5 00,5 Hee alewdly

005 (ol s lapucilSe 5 (6,105,530 4 e

& 5 azs =¥
S clias 69 Sop5 l Jol> bl &5 pshiles
OS5 18 Gl cod 50k DIy35L jgam s e LS
O el S ol sl aymie S3gl Gl
AWl o JU €55 j2 jea> pue jo S YolS
) ol il o5 sile pe ol il 5 e
5 S sl )0 sladiys) hSis arge Mo DI,3530

D9y ol oS ek 0edi e (S Yol Al o

L Jobo o Slee 5 (Siglom sbpinn a8
J)lgf)ooﬁ)lfgﬁlglé‘}fb@b)‘_@ué Lg)a..\ag_i,\.im

Sl 1y (S (85 ,90md e (omas slapiacw
cS)‘jiwL:.-“ -4

Pl (S lh slas yslid 5 pole sliw Colox L dllis o)l

el 00

&y -7

[1] Urban P., Kirchne S.R., Mihlbauer Ch., Lohmiller
Th., Feldmann J., "Reversible control of current across
lipid membranes by local heating". Sci Rep, 2016.

[2] Long N.N., Vu L.V., Kiem Ch.D., Doanh C.S,,
Nguyet C.Th., Hang Ph.Ti., Quynh L.M.,"Synthesis and
optical properties of colloidal gold nanoparticles." in
Journal of Physics: Conference Series. 2009. IOP
Publishing.

[3] Qin, Z. and J.C. Bischof, "Thermophysical and
biological responses of gold nanoparticle laser heating."
Chem Soc Rev, 2012.

[4] Broda J., Setzler J., Leifert A., Benz R., Simon
U.,Wenzel W.,"Ligand-lipid and ligand-core affinity
control the interaction of gold nanoparticles with
artificial ~lipid bilayers and cell membranes.”
Nanomedicine, 2016.

100 ¢ =203 pf, 1= -11 pA, 50 nm AuNP

Stimulation [CW]

o] = T al =

40 ol

-80 & S8 ey pladl |

-100

6 8 10 12

L3 1,356 5l aned el Ko 5l ol s F IS

8]
S

Lwge Sl Cod gl B0 slal

C =289 pf, I =-4 pA, 10 nm AuNP
30 Stimulation [f=1Hz, Number of pulse=10, Duty=99, Delay=5000 msec]
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