Near-Infrared Optogenetic Activation of Channelrhodopsin Expressed in Living Cells via

Upconverting Nanoparticles with Target Specificity

Abstract

Optogenetics is an innovative technology now widely
adopted by researchers in different fields of the biological
sciences. However, most proteins adopted in optogenetics
are excited by ultra-violet or visible light that has a weak
tissue penetration capability. Upconverting nanoparticles
(UCNPs), which transform near-infrared (NIR) light to
short-wavelength emission, can help address this issue. To
improve optogenetic performance, we enhance the target
selectivity for optogenetic controls by specifically
conjugating the UCNPs with light-sensitive proteins at a
molecular level, which shortens the distance as well as
enhances the efficiency of energy transfer. We tagged V5
epitope to  the  extracellular ~ N-terminal  of
channelrhodopsin-2 with a mCherry conjugated at the
intracellular C-terminal (V5-ChR2m) and then bound
NeutrAvidin-functionalized UCNPs (NAv-UCNPs) to the
V5-ChR2m via a biotinylated antibody against V5. The
results showed NAv-UCNPs bound to the plasma
membranes of cells expressing V5-ChR2m, but not
ChR2m without the V5 epitope. Under NIR illumination,
the NIR-upconverted blue illumination from UCNP
induced an inward cation current and elevated the
intracellular Ca?* concentration in the live cells expressing
V5-ChR2m bound with NAv-UCNPs. The fluorescence
resonance energy transfer (FRET) from the excited UCNP
to the V5-ChR2m was confirmed by fluorescence lifetime
imaging measurements. Our results demonstrate that when
membrane channelrhodopsin is specifically anchored by
UCNPs in the molecular level, the energy transfer via
irradiance and FRET can greatly enhance the optogenetic
performance.

Image

NAv-lUCNP

Patch Pipette

V5-ChR2m
\

—

Publications

1. Kanchan Yadav, Ai-Chuan Chou, Rajesh Kumar
Ulaganathan, Hua-De Gao, Hsien-Ming Lee, Chien-Yuan
Pan and Yit-Tsong Chen. “Targeted and efficient
activation of channelrhodopsins expressed in living
cells via specifically-bound upconversion nanoparticles

” (Under Review-Nanoscale).

2. Namasivayam Dhenadhayalan, Hsin-Lung Lee, Kanchan
Yadav, King-Chuen Lin, Yih-Tyng Lin, and A. H. H.
Chang. “Silicon Quantum Dot-Based Fluorescence Turn-On
Metal lon Sensors in Live Cells”. ACS Appl. Mater.
Interfaces, 2016, 8, 23953-23962(IF = 7.145, 5 Year IF=
7.332).

3. Rajesh Kumar Ulaganathan, Yi-Ying Lu, Chia-Jung Kuo,
Srinivasa Reddy Tamalampudi, Raman Sankar, Karunakara
Moorthy Boopathi, Ankur Anand, Kanchan Yadav,
Roshan Jesus Mathew, Chia-Rung Liu, Fang-Cheng Chou
and Yit-Tsong Chen. “High photosensitivity and broad
spectral response of multi-layered germanium sulfide
transistors” Nanoscale, 2016, 8, 2284-2292, (IF= 7.760, 5
Year IF=7.915).

4. Revennath Dnyandeo Nikam, Ang-Yu Lu, Poonam
Ashok Sonawane, U. Rajesh Kumar, Kanchan Yadav,
Laing-Jong Li and Yit-Tsong Chen. “Three-Dimensional
Heterostructures of MoS, nanosheets on Conducting MoO;
as an Efficient Electrocatalyst to Enhance Hydrogen
Evolution Reaction” ACS Applied & Material Interfaces,
2015, 7, 23328-23335, (IF = 7.145, 5 Year IF=7.332).



http://dx.doi.org/10.4172/2167-0846.C1.006
http://pubs.acs.org/doi/abs/10.1021/acsami.6b07789
http://pubs.acs.org/doi/abs/10.1021/acsami.6b07789
http://pubs.rsc.org/en/journals/journal/nr

Biography: Kanchan Yadav finished her bachelor
degree in biotechnology and pursued her master in
nanotechnology from Indian Institute of Technology,
Roorkee. Later she joined the doctoral program in
department of chemistry, National Taiwan University,
Taiwan. Her research interest focus on Upconversion
nanoparticles (UCNP’s) for the medical and health
care applications and focusing on Novel two-
dimensional (2D) for low detection biosensing in
blood and biological fluids.


http://dx.doi.org/10.4172/2167-0846.C1.006

