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Chemomagnetic Neural Modulation
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Magnetic Neural Modulation in Behaving Mice

Depression-like behaviors: forced swimming tests
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Challenges of Magnetic Neural Modulation
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« Specificity depends on thermo/mechanical/chemical responsive receptors

 Magnetic nanomaterials delivery
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https://www.spineandneurosurgery.com/service/transcranial-
magnetic-stimulation
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Non-invasive Magnetic Stimulation

Promising clinical evidence: treatment on
major depressive disorder (depression), pain

management

Lack of spatial precision and cell-type

specificity

Unclear mechanisms
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Cell-type-specific Magnetic Neural Modulation

Extracellular Medium
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Membrane Passive Properties and Neural Activity
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Membrane Modification

I Introduce genetically encoded enzymes and polymer precursors
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Question: engineering neuron membrane properties
through genetic approaches



Aim 1: Toolkit to Regulate Membrane Properties

OmcS Nanowire OmcZ Nanowire
Structure Model

Inhibition
Slower firing rate

Higher firing rate
Excitation

R,z }  Inhibition o
T = d Slower charging
e 7:.:",: _L ik 1 l__‘ Cm1 uF/cm?
++ 4 * Fastgr charging HO jﬁ T ?? o
EXCItatIon OH HN._.O &66&&&%%6&&&%&

Gangliosides (sialic acid-containing glycosphingolipids: GM1)

. - S\

C T e -55 mV Excitation :

- a0 in -7 -4 " f Easier for local depolarization %
nuun [T 1T ‘x; 1T v E
Yy SO0 00 ' ba i Il m Q-
RN FrEHRITH+ 4 -7T0mV Hyperpolarization &
Vin | Inhibition £

Polyglutamic acid (PGA), Polyaspartic acid (PASA), Polyarginine (PAR)



Aim 1: Membrane-targeted Expression

PilA-HA eGFP DAPI OmcZ-HA eGFP DAPI
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Aim 2: Characterize Membrane Properties
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Aim 2: Characterize Membrane Properties
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Aim 2: Characterize Membrane Properties
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Aim 3: MF-evoked Neural Activity

C-fos staining
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« C-fos: an immediate early gene (IEG) to reflect neuron activity

« Immunohistology and fluorescent microscopy
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Aim 3. MF-evoked Neural Activity

Spatial distribution of c-fos*cells
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Aim 3. MF-evoked Neural Activity
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« Single-cell-size magnetic coil design

» Specific stimulation locations: soma, axon hillock, axon terminals



Aim 3. MF-compatible Imaging
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Rao, et.al, Nat. Nanotech. 2019

Video courtesy of Dr. Lei Jin at MIT

« GCaMP imaging along with AMF (~kHz, 50 mT) stimulation

e Calcium influx as a proxy of neuron activity
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Aim 3. MF-compatible Imaging

» A positively tuned voltage indicator

* Challenges in voltage imaging
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Evans, et..al, Nat. Methods. 2023



Experimental Plans

In vitro mechanistic study:

1. Systematically characterize membrane properties changes on
hippocampal and DRG neurons

2. Quantify neural excitability

3. \Validate patch clamp associated with magnetic stimulation

4. Characterize the specificity of neural excitability with targeted cells
In vivo transcranial magnetic stimulation in mice:

1. AAV-assisted expression

2. Quantify specificity of neural excitation under pulsed magnetic fields
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Magnitude of electric field (V/m)
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Motion-adaptive Hydrogel Fiber Optics
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Optogenetics-enabled Pain Inhibition

NpHR-EYEP
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Anisotropic Hydrogel Microelectrodes

Amorphous ponvinyI"aIchoI :
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Huang, Xiao, et.al., Rao*, in revision



Anisotropic Hydrogel Microelectrodes

Stance

/ -
)

W/o implant

O GS

Distance

N VT~

Swing Stance
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Huang, Xiao, et.al., Rao*, in revision 23



Simultaneous EMG/Intraspinal Recordings
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Huang, Xiao, et.al., Rao*, in revision
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Intraspinal Recordings during Locomotion
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 Intraspinal recordings in naturally behaving mice
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Non-invasive Cell-type-specific Magnetic Neural Modulation

Objectives: Technical Approaches:
1. Create a molecular biology toolkit to regulate membrane 1. Computation to predict membrane passive properties’
passive properties regulation on neural exmtgblllty . _
2. Characterize their regulation function on membrane 2. Membrane-targeted protein expression design
3. Test specific neural excitability to MF stimulation 3. AAV-facilitated protein expression _
4. Intracellular electrophysiology recording to characterize
membrane passive properties and neuron excitability
v ?Ej**“ [y a 5. Fluorescent imaging assisted examination on neuron
£ excitability
» §55 rows ok - 6. MF stimulation on neuron population
oo X : 7. Single-cell MF stimulation
S NI eI
" " Targeted Excitation D""’°""'Z"‘t"’”ﬁmne
Neuronal Electrophysiology Transcranial Magnetic Stimulation
Accomplishments: DoD Benefit:
1. Recruited 1 PhD student (passed qualify exam), 1 1. Mechanisti.c .investigation on pulsed MF stimulation on
rotation PhD student heuron activity on cellular level N
2. Recruited over three undergraduate students working in 2. spatlptempora!ly cqntrol .Of neuron activity Fhrough nhon-
this project invasive stimuli, which milght. modullate motion-,
3. Manuscript under preparation memory-related neural circuit and improve human
4.  One invention disclosure submitted 3 f)erforma?fﬂes ith cell ifici q
5. Pl delivered three invited seminar talks, co-chaired and - mprove trea_tment with cell-type specificity an
presented in SfN mini-symposium personalized medicine
6. Two graduate students presented in Binghamton
University BME Expo conference
7. One PhD student graduating this Winter, two

undergraduate students working in this project went to
graduate school
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