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Seeing More with
Microscopy

Jerome Mertz

Professor
Biomedical Engineering, ENG
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Seeing more with microscopy: be adaptive!

Two-photon microscopy

< Extended depth of field Volume imaging at 30Hz!
targeted illumination
1.3mm 1.3mm
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In vivo Imaging of the
Diseased Nervous System

Alberto Cruz-Martin

Assistant Professor
Biology, CAS; and
Pharmacology & Experimental Therapeutics, MED
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Cruz-Martin Lab: In Vivo Imaging of the Diseased Nervous System

N _ 3. Selective manipulation of neural circuits
1. Understand how the brain wires itself during

Expression of schizophrenia-associated genes in
specific neural networks

Multiplex In-situ hybridization CRISPR/CAS9

3D Molecular Designs

Klausberger, 2008

2. Why do we do this?

L 4. Interrogating neural networks in freely moving
Complex behavior in primates

behaving mice
Microendoscopy Analysis neural activity
In vitro electrophysiology ——

Recording the activity of in utero electroporated L2/3
pyramidal cells in prefrontal cortex
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Dissecting Long-Range
Cortical Networks During
Behavior

Jerry Chen

Assistant Professor
Biology, CAS
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Understanding the Circuits and Computations of the Neocortex:
Towards a Complete Functional, Anatomical, and Molecular Readout

Behavior

Gene Expression
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Novel Laser Sources for
Nerve Stimulation

Michelle Sander

Assistant Professor
Electrical & Computer Engineering and
Materials Science & Engineering Division, ENG
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Neural Circuits for Social
Behavior

lan Davison

Assistant Professor
Biology, CAS
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Optical approaches for probing social learning and behavioral flexibility

1. Natural learning paradigms 3. Neural codes for social partners in behaving animals
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Conversing with the Nervous
System: Tools and Findings

John A. White

Professor and Chair
Biomedical Engineering, ENG;
Graduate Program in Neuroscience;
Pharmacology & Experimental Therapeutics, MED
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Conversing with the Nervous System: Tools and Findings

Biophysics of Neuronal Gain Biophysical
Coherent Activity Control Informatics

Pyramidal Fast-spiking
p=0.2 neurons interneurons ~0.4
x400 x100 s
Q Noise-driven @ Driven by aclivily in
(excitable) pyramidal population

Astrocytic State_Dependent Real-Time Behavioral

Pathophysiology Network Topology Neurophysiology
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Worms Under Duress:
Imaging Small Neuronal
Circuits in C. elegans

Christopher V. Gabel

Associate Professor
Physiology & Biophysics and
Pharmacology & Experimental Therapeutics, MED,;
Photonics Center
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Worms under duress: imaging small neuronal circuits in C. elegans

C. elegans Controls: awake, young adult (1 day old) Cell pair correlations
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Multi-dimensional Neuroretinal
Optical Imaging for Humans
and Small Animals

JI Y]
Assistant Professor

Medicine, MED:;
Biomedical Engineering, ENG
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(" Time (Optical coherence tomography angiography) )
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Artificially Activating Memories
to Prevent the Return of Fear
Steve Ramirez

Assistant Professor
Psychological & Brain Sciences, CAS

Boston University Office of the Vice President and Associate Provost for Research Eﬁé&ﬁ%ﬂ



Research on Tap: llluminating How the Brain Works

W \’ C ENC

N\ A NN

Extinction session

Light Epoch
80~

_ 1 EYFP T
£ * * D 60
3 60 = - Bl CHR2 ® * * *
~ e ¥
d:r ——— ~
D 40~ .g’ 40~
.qﬁ’ g
o e
I 20+ - 20+
2 3 i

0 0=

° N N D 5 e D L

Time (5 min intervals) Time (5 min intervals)

Boston University Office of the Vice President and Associate Provost for Research Eﬁé&ﬁ%ﬂ



Research on Tap: llluminating How the Brain Works

Investigating the Neural
Basis of Learned Temporal
Relationships

Jeff Gavornik

Assistant Professor
Biology, CAS
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Birefringence Imaging of
Neuronal Activity and Myelin
Degeneration

Irving J. Bigio

Professor
Biomedical Engineering and Electrical &
Computer Engineering, ENG;
Physics, CAS; and Medicine, MED
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Anisotropic structures are birefringent — can be imaged with polarized microscopy
Myelin is highly birefringent: uniaxial in radial direction
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fNIRS at BU

Meryem Ayse Yucel

Research Assistant Professor
Neurophotonics Center and Biomedical Engineering, ENG
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Can we use fNIRS as a pre-
screening tool for Alzheimer’s
disease?

fNIRS with a battery of
cognitive tasks:
* Memory encoding and
recall
+ Attention
» Executive functioning

Jahani et al., SReports, 2017

Helen Tager-FIusberg
Mirror neuron system
in infants with Autism?
&%;*

CARE
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Post-stroke language recovery
Can we monitor they

brain changes of
Stroke patients
during recovery
rehabilitation?
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(Barbara Shinn-Cunningham )
How the strength of attentional modulation

affects performance?
“Cocktail party problem”

Auditory-Biased
Visual-Biased
Michalka et al.

Neuron, 2015 )
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