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Neuro imaging with Light-Sheet Microscopy

Welcome back. We are continuing our discussion on Neurophotonics and today | have
another topic for you and that is Neuroimaging with Light Sheet Microscopy. It is also
sometimes is used as LSM, but LSM has other connotation especially in life science laser
scanning microscopy is also called LSM. So, this is usually LISM, but overall, we are
going to discuss light sheet microscopy not laser scanning microscopy.
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Challenges in Neuro Imaging

* Achieving a balance between high spatial and temporal
resolution in neuroimaging is challenging.

* Neuroimaging often deals with weak signals amidst
background noise.

* The considerable inter-individual variability in brain structure
and function hinders the identification of subtle distinctions
between healthy and pathological states.

* Interpreting neuroimaging data requires expertise in both
neuroscience and image analysis. Misinterpretations or biases
can arise due to the complexity of neural processes

So, understand this that there are several challenges when you are trying to understand the
working of a neurons or when you are trying to image neurons specifically in a live
organism without you know taking the brain out and without any sort of dissection. So,
achieving a balance between high spatial and temporal resolution in neuroimaging is very,
very challenging.

Neuroimaging often deals with weak signal amidst background noise and there is huge
amount of inter-individual variability in brain structure. Interpreting neuroimaging data
requires expertise in both neuroscience as well as imaging analysis and therefore
misinterpretation is very, very common. So in 18th century, early 19th century the
gentleman Golgi what he did was he used to dissect animals, the brains of the animals try
to dissect neurons, those nerves not neurons nerves of the animals cover them with some



sort of silver salts and then put the entire brain structure entire nervous system under the
microscope shine light and try to see the staining that has happened by silver salts from
which he came up with Golgi especially came up with all those beautiful axons, dendrites
definition, then synaptic cleft. Golgi is the same person from with Golgi apparatus or Golgi
bodies are named it IS the same, same scientist.

So Cael, Spanish scientist also work similarly where they used to put silver salt staining
the brain with silver salt hopefully the brain of animal which is no longer alive and then
try to image it. But all of those functions were difficult, caused errors, gave weak signals
and it is very, very subjective regarding what you are looking at and the small change in
ions depending on the type of neural circuitry going on what sort of electrical impulses
action potential has been given.
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What is Light-sheet microscopy?

* Light-sheet microscopy (LSM) is a technique that helps scientists see really small

things clearly, like cells or particles.

* |t was based on an idea from a long time ago in 1902, Siedentopf and Zsigmondy

developed a microscope, which they termed the “ultramicroscépe”.

Ultra-microscope

So, it causes huge amount of challenges that needs to be overcome. Light sheet microscopy
it was said that could overcome several of this problem. Now light sheet microscopy is not
at all recent.

In 1902 German scientist | frankly speaking | hope they are German and | cannot
pronounce their name you try if you can pronounce their name this looks like Polish to me
but this looks like German to me so | am just guessing. These two gentlemen came up
with the term ultra microscope. So, what they did they saturated certain area, certain
samples with metal nanoparticles, metallic particles and they illuminated the sample from
say top, they shine light on the sample from top but the detection the measurement was
from an orthogonal 90-degree angle. So, if you are shining light from the top you are
measuring the sample scattering the light scattered from the side 90-degree difference this
is input, this is output or if this is illumination you are measuring it from up or measuring



it from bottom. Usually what we have in a reflected microscope light comes falls and
returns back so the entry and the output path is exactly the same it measures like you
capture the same light and then you try to analyze it measure it at normal reflection
microscope.

In transmission microscope light falls into a sample it penetrates through it, it transmits
through it and you have your detector below and you are trying to measure it. Here it is
180-degree light is falling and you are measuring it from an orthogonal position and they
said that this prevents now it seems very common sense to you why we do not do it but as
you see that it cost becomes very high the light has to fall from here. If you measure it
from an angle or measure it at a 90 degree or any other angle per say you are eliminating
any other noise any other scattering that is caused by the input light simple. So, it was
based on an idea long time ago and they called it ultra microscope this is that ultra
microscope image and they claim that they help scientists to see really small things clearly
like cells or particles.
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Principle of Light-sheet microscope (LSM)

* It utilizes a specific optical setup to achieve high-resolution
imaging.

* Itis an imaging technique that involves using a thin sheet of
laser light to selectively excite fluorophores within a specific
focal plane of a sample.

* This focused excitation minimizes photobleaching and
photodamage to regions outside the illuminated plane,
allowing for high-resolution 3D imaging while preserving
the sample's viability.

* The emitted fluorescence from the illuminated pl hen
collected by a detection objective oriented perp o to
the illumination axis, capturing the fluorescence s\ = = fom
the desired plane while minimizing out-of-fog \gy/ .

noise. Y
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So, basically this is what is happening the this is the sample box where you have your
particular sample and it is illuminated from this side it is illuminated from this side it is
illuminated from this side and at a 90 degree you are doing the detection.

It is illuminated from this side it does not have to be like this it can be like this but it can
also be like this x and y are at 90 degree to one another x and y coordinates X and y
coordinates and 90 degree to one another x and z coordinates are also 90 degree to one
another yes. So, this is the principle of light sheet microscopy. It utilizes specific optical
setup to achieve high resolution imaging it is imaging technique that involves using a thin
sheet of light to selectively excite fluorophores. This focuses excitation minimized photo



bleaching and photo damage and the emitted fluorescence from the illuminated plane is
then collected by detection. So, again let us try to understand what is happening.

You have understood the old light sheet microscope technique it illuminated from one
side and capture the information the detection is from a 90-degree orthogonal angle. You
can shine the sample the sample could be the sample could be the light could be shine here
and you can you can detect it from there. What presently people are doing using some sort
of cylindrical lenses which I will show you the illuminating light. The illuminating light
is not just one single dot usually it is a point yeah when you are illuminating a sample it is
usually a small spot usually circular that falls onto an area it gets reflect transmitted
etcetera. Using cylindrical lens they are trying to make it a squarish or rectangular like a
sheet like a sheet of paper a light falls a laser light falls like in a sheet not just one point
not just a sphere not just a circle it is a sheet that is the sheet of light sheet microscopy.

The laser which is coming like that this is a spot this is a spot instead of a spot you use
lenses so that the laser light makes a rectangular a sheet like structure that that almost like
slicing through the sample that is like slicing through the sample slicing through the sample
as it slices through the samples it illuminates large number of area it illuminates large
number of area not just pixel by pixel not just pixel by pixel you are not trying to scan
individual areas individual pixels like you have done before. You are scanning an entire
area using a particular wavelength or set of wavelengths as the light is slowly moved in
this particular direction you are measuring the detector at an orthogonal angle at an
orthogonal angle at a 90-degree angle in the same manner into the same manner. But if the
light is falling in this direction your detection is in this direction if the light is falling in
this direction your detection is in this direction and it helps prevent several problems this
focused excitation minimized photo bleaching photo damage to the region outside the
illuminated plane and it provides you a 3D imaging and a very high speed data rate you
are not imaging pixel by pixel you are simply scanning plane by plane instead of using
pixel you are sending a plane you know a sample is getting dissected by light not literal
dissection you simply are illuminating it plane by plane and measuring it from side to side.
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Different parts of LSM

lllumination System: It is often a laser, to generate the thin

sheet of illumination. This light is usually directed through
optical elements like lenses, mirrors, and beam shaping devices
to achieve the desired thickness and shape of the light sheet.

Sample Holder: The sample is mounted within a holder that
allows for precise positioning and stability during imaging.

camera (CCD, sCMOS, ..)

citation laser beam

Detection Optics: Detectign optics consist of o
objectives or lenses oriented perpendicular to
axis. These lenses collect the emitted fluor
illuminated plane and direct it to the imagi

'S

multi-view acquisitions, LSFM sclup%'
scanning or mounting stage. ! .
ad ,

So this is something that is happening you have a sample you have an excitation laser
system you have a cylindrical lens the cylindrical lens produces the point source of light
into this kind of a light plane a beam of light that is squarish or rectangle ish and it
illuminates the area it almost slices optically slicing the sample into like planes rather than
points and you have this objective that tries to see the light that is being scattered when a
plane by plane plane by plane plane by plane the light is moved or the sample is moved
and the scattered light is collected by the cylindrical lens put into camera CMOS camera
etcetera and you are simply measuring it analyzing it using a computer. So basically in
light sheet microscope we are producing plane a sheet of light a sheet of light the sheet of
light is made using cylindrical lens cylindrical lens can convert a point source into this
kind of rectangular source the sample is slowly passed through the sheet of light different
planes are sliced different planes of the samples are illuminated and whatever planes are
illuminated they scattered some amount of light the scattered light are connected
orthogonally at 90 degree at 90 degree this is the direction of the plane of the excitement
light this IS the direction of the plane.

Sample Scanning or Mounting Stage;

¢

So if this is z direction this is I do not know y direction or x direction whatever and this
is collecting it. So illumination system is often a laser to laser to generate the thin sheet of
illumination the light is usually directed through optical elements like lenses mirrors and
the beam shaping device to achieve desired thickness and shape of the light sheet sample
holder is mounted using a precise positioning detection optics is some sort of an objective
lens the lens collects an emitted fluorescence and for 3D imaging on multiple acquisition
light sheet fluorescence microscope you have obviously used some sort of a fluorophore
here to often include a sample strain a scanning or mounting stage. The advantage here
understand is as this sample as this sphere is illuminated plane by plane and collected
information the scattered information is collected you are able to get a three-dimensional



view of the particular sample. A three dimensional fluorescence image of the particular
sample is possible you have previously in a three dimensional structure like a cell or a
bacteria you have put fluorophores connecting a different part of your interest and then it
is light wise sliced once one plane at a time and then the scattered light from that scattered
light from this plane based dissection you are measuring through say particularly this angle
or any other 90 degree angle the scattered light and from that you recreate the 3D image
you recreate the 3D image of the slice of the sample and the different amount of scattering
at different plane of illumination. And thereby recreate a three dimensional image you
have obviously filter sets optical filters are used to selectively transmit specific wavelength
of fluorescence emitted by the sample you have beam splitting and steering elements to
direct the excitation of the light for the emitted fluorescence and of course data acquisition
and analysis software specialized software is essential for controlling the imaging process
and obviously analysis of the data.

This provides a very rapid analysis of samples because instead of doing a point by point

scan you are doing plane by plane scan and immediately getting you slice by slice you
have got a 3D image a 3D fluorescence image of the sample that you are trying to go
through.
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Fluorophores us

* GFP and its variants, such as yellow (YFP), cyan (CFP), and red (RFP)
fluorescent proteins, are widely used in live-cell imaging due to their
genetic compatibility.

» Synthetic organic dyes like fluorescein, rhodamine, and cyanine
dyes are versatile fluorophores with various emission and
excitation wavelengths.

* Quantum dots are used for multiplexing (simultaneous imaging of
multiple targets) and can be engineered to emit light in a variety of
colors.

» Certain fluorescent proteins, like pHluorins, change their
fluorescence intensity based on the pH of their environment. They
are useful for studying pH changes in cellular compartments, such
as synaptic vesicles.

+ Lipophilic dyes, such as Dil and DiO, can label cell membranes, a . {
allowing for visualization of cell morphology and connections GFP protein structure
within tissues. o

So, what are the fluorophores used the present fluorophore is obviously the GFP you know
green fluorescence protein the there are other yellow fluorescence protein and cayenne and
red cayenne or cayenne | do not know synthetic organic dyes like fluorescence, Rhodamine
obviously these days quantum dots we are using silver nanoparticles, but several other of
these type of proteins are used as fluorophores that could be utilized to label to attach with
specific areas within the cell within the bacteria within the virus and then slice by slice we
are getting information out of it.
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iingle Plane lllumination Microscopy a single sheet of light illumi the sample perpendicular to used for live imaging of biologs P
SPIM) the detection axis, develop dies, and tracking dy
processes in 3D.
digital Light Sheet Microscopy this technique employs a digitally projected light sheet that can
be dynamically adjusted and scanned through the sample.

attice Light-Sheet Microscopy multiple light sheets are created to simultaneously lluminate It's particularly useful for capturing high-speed

. different sections of the sample. P and mir € ph v

viulti-View Light-Sheet Microscopy This technique involves acquiring images from multiple angles It's beneficial for improving image quality in
around the sample, allowing for 3D reconstruction with reduced  complex samples and reducing optical distortion.
artifacts.

wept Confocally Aligned Planar SCAPE combines light-sheet lllumination with confocal-like It's suitable for imaging fast ne | dy and
ixcitation (SCAPE) Microscopy Imaging, enabling high-speed 30 imaging of large volumes with large-scale tissue activity.

reduced photodamage.
‘Hited Ught-Sheet Microscopy the light sheet is tilted at an angle relative to the detection axis.  Ideal for clearer imaging of thicker samples

This allows for isotropic resolution (equal resolution in all
dimensions) and reduces scattering artifacts,

Jitramicroscopy Also known as sheet il J py, this technique uses  It's useful for imaging large, transparent specimens
a light sheet to image cleared or fixed samoles with high resolution.

So, there are different variants of LSM we have single plane illumination microscopy
lattice sheet microscopy lattice light sheet microscopy this is something that | have used
where multiple light sheets are scattered. So, instead of having the illumination from here
and detection from here you have multiple illumination multiple illumination and multiple
detection you illuminate from here you illuminate from here you collect the data from here
and you can you know try to get this information by rotating your detector and your
illuminator at different areas making this you know as long as this 90 degree angle is
almost matched you can make it in any xyz direction and thereby get a holography get a
complete total image of the of the sample that you are trying to get. So, multi view light
sheet microscopy ultra microscopy.

So, read it at your own leisure that they have been used for taking dynamic processes in
3D in real time what is happening in a particular bacterium as it is working the particularly
useful for capturing high speed process with minimizing photo toxicity, escape microscopy
this is imaging fast neural dynamics clearer imaging of thick sample. So, there are there
are several views and all of them utilizes more or less the very same principle, but the
amount or the angle of detection and illumination remains more or less 90 degree, but they
can use multiple detector and multiple illuminator just not one detector one illuminator
multiple detector at different angles and complementary orthogonal multiple illuminators
at different angles.
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Advantages of LSM

*  The selective plane lllumination used in light-sheet microscopy minimizes
the exposure of out-of-focus regions to light, reducing photodamage to the
specimen. Jhis is especially valuable for imaging live samples over
extended periods without compromising their viability or function.

* Light-sheet microscopy allows for rapid imaging of samples in 3D, making it
well-suited for capturing dynamic processes such as neuronal activity or
cell migration.

* By minimizing the out-of-focus light, light-sheet microscopy provides

il spatial resol in the acquired images. This Is crucial for

studying fine structures, such as Individual cells or subcellular
compartments, in detail.

* Light-sheet microscopy can cover relatively large areas of the sample while
maintaining high resolution. This is advantageous for observing extensive
neural networks, tissue architecture, or developmental processes within
the context of the entire sample,

* Light-sheet microscopy allows for non-invasive imaging of intact samples,
reducing the need for sectioning or destructive preparation methods.

So, this is the quite popular one Zeiss light sheet 7 there are obviously several advantages
light sheet microscopy allows for rapid imaging of samples in 3D making is well suitable
for capturing dynamic processes by minimizing the out of focus light light sheet
microscopy provides excellent spatial resolution can cover relatively large areas of the
sample while maintaining high resolution light sheet microscopy allows for non-invasive
imaging of intact sample reducing the need for sectioning or destructive preparation
method.
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Sample preparation for LSM

capllary

Sample Fixation:
Most light sheet microscopes are designed with horizontal illumination and detection
planes, leading to specific sample mounting strategies.

Different Mounting Technique

Organism Mounting for Large Living Samples Larger living organisms are sedated and placed within
soft gel cylinders extruded from capillaries hanging
from above into the sample chamber.

Growth Medium for Plants Plants are cultivated in clear gels with growth
medium; areas for imaging are cut out to prevent
scattering and absorption that could degrade image

quality.
Adherent Cells on Glass Plates Adherent cells are cultured on small glass plates
pended within the sample chamb
Plastic Bags for Liquid Samples Liquid samples, such as those used In fluorescence

correlation spectroscopy, are enclosed in plastic bags
made of thin foil with a refractive index matching the
surrounding Immersion medium

embryo embedded In hanging gel cylinder2,
lant growing i supported gel cylinder, 3. adherert

So, you do not need to destroy the sample or you know it is more or less non-invasive and
it is also pretty much I mean how do you handle the samples there are like this holding
clamps on which cells are put on a glass and then you are illuminating it like that extracting
samples ah ah detecting it from like this you have a small sample bag or most importantly



you can have this cylinder capillary tubes like I saw before you put a zebra fish zebra fishes
are usually transparent or plants or drosophila fly alive if you can you know stick it with
something alive, but not moving ah and then illuminate it from here and get the detection
from this particular angle you can illuminate it from here you can simultaneously
illuminate it from here and get the detection from here and here and so on and so forth. So,
you can have the growth medium of plants you can have cell glass plates you can have
plastic bags for liquid samples you can have organism mounting like these kinds of clips
clamps holding the sample. So, all of those things can be utilized using LSM.

14 W

Sample preparation for L

* Clearing (Optional):

Clearing agents, such as organic solvents or hydrogels, reduce light scattering and increase sample transparency, enhancing imaging depth.
* Fluorescent Labelling:

Select suitable fluorophores that emit at wavelengths compatible with your LSM setup.

Label target structures with fluorescent dyes, antibodies, or genetically encoded probes like GFP.

* Blocking and Permeabilization:

For immunolabeling, block nonspecific binding sites with appropriate blocking solutions (e.g., serum or BSA).

* Sample Mounting: a

Choose an appropriate mounting medium that matches the refractive index of your sample and the immersion y/ ( 1
o \
&

Ah fluorescence labeling has to be done in LSM. So, that um light sheet fluorescence
microscope is also used ah to denote this LSFM label targeted structures with fluorescence
dyes antibodies or genetically encoded probes like GFP and ah you go for the
measurement.



m ng v ight-Sheet Microscopy

esearch Application

1. LSM adlows imaging of the entire brain of model organisms like zeteafish, frul Sles, and mice at celidar resolution
2 Resssrchors can capiure neural activity patierns and connectivity across diferent brain regions, providing 8 compeehensive view of brain-wide interactions.
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2. Long-Term Imaging:
1. LSAs non-invasive nature and reduced phototaxscly make & sultable for long-4am imaging of neural development and plasioty
2 Scientists can ¥ack changes in neursl ciroults over extended penods, observing how neural networks rewire and adept
3. Neuronal Activity Visualization:
1 Genetically oncox calcium indicators (GECis) enable resoarchers 1o visuaiize nouronad activity patioms in response 10 stemll or behavioral tasks.
2 LSM aliows moniloring of large populations of newrons simultanecusly, uncovering spatial and lemporal dynamics of neural responses.
4. Connectome Mapping:
1 LSM aids in mapping neural connectivity by tracing individual neurons” axonal and dendniic projections over langer volumes.
2 This heips in understanding how neurons fonm networks and establish functional circults.
5. Behavioral Studies:
1 LSM can copture neursl activity while ansmals perform behaviors or respond 10 sensory stimulk
2  Resesrchers can cormelate newral activity with behavior, reveaing how specific brain regions contritate 10 vanous Junctions.

6. Neurodevelopmental Studies:
1. LSM enabies cbservation of neural development fom embryonic stages %0 adulthood, providing insights into cell migration, axon guidance, and
lvam

|

So, several different areas can be applications are there which can be utilized by LSM
LSFM you have neuronal activity visualization especially in zebra fish zebra fish are
optically transparent you can see the internal organs of a zebra fish ah from from naked
eye you can now fluoresce it with say GFP or something like that. So, various areas of a
particular organ especially brain can be illuminated by this green protein and then you
slice it using the LSM and then measure and then get a ah 3D image of the brain while the
zebra fish 5 still alive yeah.
Ah you have connectosome mapping you have behavioral studies LSM can capture neural
activities where animal perform behaviors or response this is still challenging I mean as
the ah animal is alive, but if it is moving obviously your focus and everything goes goes
bad and then you have to redo it. So, like everything else it has its own ah challenges
associated. Neuro development studies your ah take a larva of say zebra fish |1 know
because these are the type of work that | am being doing ah you have done something. So,
that the larva has ah the brain development of the larva at different stages could be used
in light sheet measurement and you can see the 3D image of the brain of the larva ah that
is the young stage of the zebra fish at when the age of the larva is 1 day, 2 day, 3 day, 10
days, 1 month, 3 month, 4 month, 6 months and you can have a real time development of
the brain as it passes through different stages of its maturity right.
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ral Research Application
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1. LSM heips visualze pathological changes associated with neurodegeneralive disorders tke Alzheimer's and Parkinson’s dseases
2. Researchers can study disease progression, neuronal ioss, and the impact of polentinl Iherapeutic iInterventions

8. Optogenetics and Pharmacology:
1. LSMis used 10 study the efects of Oplogenesc s Of drug roa on neural circults
2. R allows researchers 10 understand how neursl activity patiems influence behavior and function

9. Neurovascular Coupling:

1. LSM faciltates simuitanecus imaging of neural activity and blood flow dynamics, aiding in understanding neurovascular coupling and the bran's response
to stimuk

10. 3D Neuronal Morphology:
1. LSM captures 3D neuronal morphology with high spatial resclution, faciitating detalied analysis of dendriic arborizations and axonal projections.

11.Neural Plasticity:
1. LSM heips researchers investigale synaptic plasticity, capturing changes in synaptic strength and structure during leaming and memory processes.

12.Neuroinflammation:
1. LSM enabies visualization of immune cell Interactons and neuroinfiamnmalony responses within neurs! tissues during Infections or injuries.
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So, similar other if you can look into the brain you can map the brain in a in a 3D manner
you can look into various ah diseases that are associated with the brain neuroinflammation,
epilepsy, if you have given some sort of a ah drug a pharmacological ah chemical and then
try to see how it is affecting the brain if something has attacked the brain a pathogen has
managed to attack the brain and then ah particular set of drugs are been given how those
two are interacting inside the brain at a at a at a at a at a real time manner ah light sheet
microscopy can help you in a very nice way where a complete 3 dimensional view of the
entire thing can be can be achieved right neurodegenerative diseases etcetera all of those
things could be detected.

> In conclusion, LSM's high-resolution, non-invasive imaging unveils the intricate details of biological

processes, from cellular dynamics to brain-wide networks, offering unprecedented insights.

LSM's long-term imaging capabilities track changes over time, revealing the unfolding narratives of

v

development, disease progression, and adaptation.
» In neuroscience, LSM opens doors to understanding neural activity, connectivity, and behavior,
revolutionizing our grasp of brain function and neurological disorders.
LSM's versatility spans d;velopmental biology, cancer research, immunology, and beyond, enabl
studies across various disciplines with its capacity to capture dynamic processes. /; I-
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So, in conclusion LSM's high resolution non non invasive imaging unveils the intricate

details of biological processes from cellular dynamics to brain wide networks offering
unprecedented insights LSM's long term imaging capabilities track changes over time



revealing the unfolding narrative of development in neuroscience LSM opens door to
understand neural activity connectivity behaviour revolutionizing our grasp of brain and
LSM's fertility spans developmental biology cancer research immunology and beyond and
various disciplines are there to capture the ah dynamic process.
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So, these are the concepts that | covered today and these are the references please go
through this ah Zeiss dot coms ah light sheet microscopy they have several beautiful
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videos in social media, youtube etcetera where you can see they are copyrighted and did
not decide to give it here, but I will ask you to go and look into light sheet microscopy of
mouse brain or zebrafish brain and you will see the ultra high ah resolution images of brain
and in a 3D in a 3D format and how what happens to the brain as it go as it performs a



particular function as it goes on developing as some sort of pathogens have attacked. So,
Zeiss have several beautiful images beautiful videos on this topic | ask you to ah search
for it. Thank you very much I will see you in the next class. Thank you.



