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All Optical Electrophysiology

“ Nouveau Phasor is designed for 3D 2-photon stimulation of neurons in vivo. Four
®, distinct modalities enable flexible optogenetics studies involving organisms from
C. elegans and Drosophila to zebrafish, mice and larger mammalian species. Nouveau
Phasor is able to simultaneously illuminate multiple regions in a 3D volume with the
use of SLM-based computer-generated holography.
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Computer-Generated Holography

Nouveau Phasor is based on a computer-generated holography (CGH) technique that uses a spatial light modulator (SLM) to

modify the phase of an incoming laser beam. It is a highly efficient, phase-only modulation technique that uses all of the power of

the incoming laser to generate a holographic pattern at the objective’s focus. Using an iterative Fourier transform, it is possible to

apply phase patterns onto the SLM to generate any hand-drawn or computationally outlined pattern in 3D.

Scanless Photostimulation

Scanning photostimulation techniques are generally limited to slower opsins and studies at non-physiological rates. Scanless

techniques like holography enable photostimulation across all opsin channels simultaneously so that the cell response speed is
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only dependent on the cell and the opsin kinetics. As a result Nouveau Phasor enables the use of fast opsins (e.g., Chronos, ChETA, 3i Founded 1P Phasor Temporal Focusing
vf-Chrimson, ChroME) allowing for studies at physiological scale with millisecond temporal resolution and sub-millisecond jitter. © 2009 © 2012 ©
. 1995 ° 20M ° 2015
Scanless Scanning Multiphoton Imaging 2P Phasor
. e e amast .
Nouveau Phasor is the latest generation of 3i holographic products that have supplied AF/F Stimulation Modalities
labs for over ten years. Nouveau Phasor combines four different modalities that can : : :
) ) : : 2P Holography 2D-TF 3D-TF 3D-SHOT
be chosen by a single software click. : :
- '. 4
® 2-Photon Computer Generated Holography (2P-CGH) 0 . . . L‘.’“ : Power throughput o000 o0 P ) o0
o : : 50 1100 : 150
® 2D Temporal Focusing (2D-TF) : : : : :
® 3D Temporal Focusing (3D-TF) also known as Multiplexed Temporally Focused S 3D spatial resolution ® (X o000 (X J
Computer Generated Holography (MTF-CGH)
: :| \ : Hand drawn ROls Yes Yes Yes No
® 3D Scanless Holographic Optogenetics with Temporal Focusing (3D-SHOT) 0wt 4 : =t it
0 50 1100 : 150
: : : Compatible with any laser Yes Yes Yes Yes
3
Holography Compatible with fast SLMs Yes Yes Yes Yes
0 ’ f ¢
0 : 50 ‘100 150 Drosophila, Drosophila,
: : : Brain slices, Zebrafish, Zebrafish,
Cell cultures, . o L
3 Sample Drosophila, in vivo rodents, in vivo rodents,
Plants )
Zebrafish non-human non-human
o mammals mammals
o : 50 {100 150
: : : Scan for a video walkthrough
\ 3 of Nouveau Phasor.
P e 3 L
5 Lomw, g (O 4 : 3 3
100pm 20 pulses, 50 ms, 10 Hz o 50 100 150

5 cells sequentially

Time (ms)



Phasor 1

O

Phasor 2

@)

Phasor 1

©

Phasor 2

©

The SLM is exclusively used to modulate the phase of an
incoming wavefront from a femtosecond IR laser using the

incoming laser’s full power for stimulation patterns.

Proprietary software based on iterative Fourier transform
algorithms (IFTA) simultaneously generate multiple hand-drawn

regions of interest at any position in sample space.

SlideBook’s exclusively licensed libraries generate holographic
patterns at multiple Z positions with corrections for power

discrepancies inherent to the use of SLMs and each pattern can
be assigned a specific power density.
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All-optical electrophysiology data derived from transgenic zebrafish larvae expressing GCaMP6f in spinal neurons co-expressing the
opsin Chrimson; neurons were selectively activated using Phasor 2P photostimulation. 3-Panel montage shows Phasor-elicited calcium
increases (left) and graphed results (right). Specimen provided by Dr. David Lyons, University of Edinburgh.
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A grating is added to the optical path for temporal spreading of
the femtosecond beam outside the focal plane. This minimizes

the probability of 2-photon absorption above and below the
plane of focus.

Temporal Focusing thus offers the possibility to generate

axially-confined holographic patterns at the plane of focus.

SLM Grating Objective
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A second SLM is added to the optical path. A grating and SLM are used to generate axially-confined

Gaussian patterns in sample space. The grating axially

The first SLM generates the desired patterns, the grating confines the Gaussian activation pattern and the SLM

confines the axial extent of the patterns and the second SLM multiplexes the pattern at multiple positions in 3D.

multiplexes the patterns in 3D.

A motorized beam expander changes the size of the Gaussian

This configuration enables simultaneously-generated axially- activation pattern.

confined holographic patterns in 3D.
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@ SlideBook

SlideBook software supports research microscopy through the entire experimental process. By managing everything from instrument Stimulation Region of Interests Phasor Streaming

control to image processing and data analysis, SlideBook allows scientists to focus on investigation rather than instrumentation.

SlideBook controls hundreds of instruments in and around the microscope from dozens of manufacturers enabling researchers to Hand-drawn or computed stimulation regions at any position High temporal resolution imaging and simulation sequence
integrate their preferred components and upgrade to the latest devices once available. in 3D with user-defined power density value recordings

User-Selectable App Appearance Multiphoton System Capture Console

Select a color scheme from dozens of options Consoles are a single easy-to-use window featuring
Switch on-the-fly from dark to light themes : all frequent controls and status displays. The VIVO

ERERONE0E

Multiphoton scanning console also features an intuitive
tool for adjusting laser power delivery at different depths
with dynamic signal feedback.

SlideBook Open File Format

Directory-based open file format for big data and high

MATLARB Interface

performance computing applications
Imaging pipeline for user-defined experimental designs
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Uniform distribution of power density in 3D

Geometry calibration of Nouveau Phasor to most research-

grade microscope frames

NVIDIA CUDA GPU Acceleration

Fast hologram computation for physiological timescales
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Control hundreds of devices including Visualize data through any numbers of Analyze images and extract statistical Through hierarchical and conditional capture, user-supplied Microvolution® software delivers nearly instantaneous
microscopes, stages, lasers, wheels, portals, from single images to z-stacks, data via a wide variety of algorithms MATLAB programs can control experimental workflows. deconvolution by combining intelligent software programming
piezos, scanners, shutters and much time lapse, color channels and 4D views. while maintaining original data integrity. with the power of a GPU.
more.
® I s

A >
Macro scripting for capture and analysis Present and export data easily as 16-bit TIFFs, 3D movies, graphs or spreadsheets. Aivia is an innovative and complete 2D-to-5D image The latest high-power computer workstations control all
enhances the flexibility and power Data is directly portable to MATLAB® and Excel and adheres to Open Microscopy visualization, analysis and interpretation platform. microscope hardware and enable high-speed processing,

available to users. Environment (OME) standards. segmentation and volume rendering of terabyte (TB) datasets.
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Organotypic neurons expressing GCaMP7s and ChroME. Top: 4 cells are simultaneously stimulated at each event. All 4 cells show an increase in
calcium activity. One cell responds to the activation without being stimulated (white arrow). Bottom: Sequential activation of each cell shows
specific connectivity between cell 4 and the cell shown with the white arrow.
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3 minute recording of mouse brain calcium activity in vivo via cranial window expressing ChRmine and GCaMP6m. 20 stimulation events were
performed for single-cell activation and pair-of-cells activation. All cells had an increase in calcium activity upon stimulation.
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Support and Maintenance

A variety of software and equipment support levels help keep systems running well for years. A Software Support Agreement allows
labs to run the latest version of SlideBook with new acquisition and analysis features. It includes direct access to 3i staff via email,
phone and video chat. A System Maintenance Agreement adds an annual preventative maintenance visit, 3i service visits and 3i
coordination of any repairs, although repair and replacement parts are not included. A System Extended Warranty adds full coverage

for repairs and replacement parts. Additionally, 3i application scientists may provide in-person and webinar-based application training.

Software System System
Maintenance Maintenance Warranty
Phone, Email and Video Chat Support D
SlideBook Software Releases
%

Service Visits and Annual PM Visit

Repairs Coordinated by 3i

Application Training | In-Person or Online

Full Warranty Coverage of all System Hardware

BUILT BY SCIENTISTS FOR SCIENTISTS

3i designs and manufactures technologies for living cell, live cell, and intravital fluorescence microscopy including superresolution,
computer-generated holography, spinning disk confocal, multi-photon and lightsheet. SlideBook software manages everything
from instrument control to image capture, processing and data analysis. 3i was established in 1995 by a group of cell biologists,
neuroscientists, and computer scientists to provide advanced multi-dimensional microscopy platforms that are intuitive to use, modular

in design, and meet the evolving needs of investigators in the biological research community.
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