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* Light-Sheet and Lattice Light-Sheet (LLS) Microscopy
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high NA (HNA) and low NA (LNA)
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 LLS and IHLLS 1L Beads Volume Reconstruction
 [HLLS 2L Beads Volume Reconstruction
» System Performances in LLS, IHLLS 1L, and IHLLS 2L
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Light-Sheet (LS) systems

The excitation plane is created by using a cylindrical lens
to shape the Gaussian laser beam in a sheet of light.
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Strengths:
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1. Optical sectioning
2. Extremely fast, no need for point scanning
3. Low phototoxicity/photobleaching
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=ele Weakness:

Tradeoff between the size of the beam (light sheet waist
DOF I (w0) or light sheet thickness and the depth of field (DOF)
il w(z)
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or the light sheet length) and the axial resolution.

Conclusion: thin and long light sheet cannot be
created with a Gaussian intensity profile laser beam !

https://en.wikipedia.org/wiki/Light sheet fluorescence microscopy 3



Lattice Light- [D IR T

B.-C. Chen, et all, "Lattice light-sheet
microscopy: Imaging molecules to embryos
at high spatiotemporal resolution," Science
346, 1257998 (2014).
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Gao, L. Optimization of the excitation light sheet in
selective plane illumination microscopy. Biomed. Opt.
Express 2015, 6, 881-890, doi:10.1364/BOE.6.000881.

Weakness:

3D scanning by moving the detection Annu!arfilter at fthe
objective or the sample stage! excitation pupil
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IHLLS System using FINCH

IHLLS detection
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IH J. Rosen, et all, "Theoretical and
Ma experimental demonstration of
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resolution beyond the Rayleigh
limit by FINCH fluorescence
microscopic imaging," Opt
Express 19, 26249-26268 (2011).
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Excitation and Scanning Geometry in LLS, IHLLS Systems

Special Optics 0.65 NA 25x Nikon 1.1 NA

LLS, IHLLS
1L

IHLLS 2L
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Annular filter at the Lattice

A . sheet
excitation pupil +40 mm offset

0 mm offset

-40 mm offset
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LLS and IHLLS 1L Beads Volume Imaging
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IHLLS 2L (LNA) Beads Holography

488 nm 488 nm 488 nm 488 nm 488 nm
z_galvo =40 pm z_galvo =30 pm z_galvo =20 um z_galvo =10 um z_galvo=0 pm

488 nm 488 nm 488 nm 488 nm THLLS - 2L Amplitude Reconstruction
z_galvo = -40 pm z_galvo = -30 um z_galvo = -20 pm z_galvo =-10 pm
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THLLS 2L (LNA) Intensity Images at 0 =0
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Imaging Comparison Between IHLLS 2L and LLS
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ICHLLS (HNA, 488 nm &
561 nm) Colocalization

Colocalization of two dyes was measured by
labeling a lamprey motoneuron with 10,000
MW dextran conjugated to Alexa 555 and Alexa
488 applied 24 hours prior to the experiment
by injection into the myotomal muscles.

Imaging was then performed using:

e |CHLLS -1L with 400 z-axis planes in the
range -30 um to 30 um in 10 um steps
exciting sequentially with 488 nm (a) and
561 nm (b) light;

e |CHLLS -2L reconstructed amplitude images
(e, f) and phase images (I, j) with 9 z-axis
planes in the range -40 uym to 40 uym in 10
um steps, exciting sequentially with 488 nm
and 561 nm light;

The colocalization maps (c, g, k) and the
scatter plot (d, h, ) for each case are displaced
on the right.
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ICHLLS 2L, 488 nm, imaging of a lamprey spinal cord 12
ventral horn neuron with dendrites in a Ringer’s solution (a-
i) and hypotonic solution (j-s);

Deformation i
Measurements of |
Neuronal Excitability i

+30 pm

-30 pm -10 pm

using LLS and IHLLS
(HNA, 488 nm)
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 Tomographic imaging of a lamprey spinal cord :
| ventral horn neuron with dendrites, xy FOV 208 |
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! conventional LLS (a) and incoherent LLS with
1 only one diffractive lens (ICHLLS 1L, 488 nm) of
| focal length 400 mm.
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IHLLS 2L Phase, IHLLS 2L Hologram, IHLLS 2L



LLS and IHLLS (HNA., 488 nm) Imaging
of a Lamprey Spinal Cord Ventral Horn
Neuron with Dendrites

- +0 Il 0O pum

Amplitude Imaging LLS and IHLLS, 488 nm

Quantitative information

Qualitative _information

. LS 2L

+30 um 0 um -30 um

a) Max projections through the volume (300 z-galvo and z-piezo steps) in a conventional LLS
system without deconvolution; b) Max projections through the volume (300 z-galvo and z-piezo
steps) using IHLLS 1L without deconvolution; Amplitude reconstruction of a neuronal cell using
ICHLLS 2L, 488 nm, at three z-galvo positions: ¢) +30um, d) Oum, e) -30um, and f) the
superposition of all three; Phase reconstruction of a neuronal cell at z-galvo positions: g) +30um,
h) Oum, i) -30um, and j), o) the superposition of all three; k)-n) Band-pass filter applied to the
phase images from g)-j).
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Phase Imaging of Cells using IHLLS 2L
-30 pm

superposition
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SUMMARY

» We showed IHLLS imaging using longer and lower resolution
beams.

» The IHLLS approach to generate holograms to resolve 3D
positional information is functional.

> Maximum detector FOV of 208 x 208 um?.

» IHLLS-2L provides a better method for finding the focal position
of the objects than using analog glass optics.

» Performed 3D imaging without moving the sample stage or the
detection objective.

» Because the objective position is fixed, images at the center of
the z galvo range are brighter, therefore we modulated the laser
power and exposure time in the z axis.
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