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Figure 1: A schematic of the 
adaptive LSFM system.  We control 
the phase in the back aperture of 
the fluorescence and the 
illumination with a deformable 
mirror and a spatial light modulator 
respectively. 
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Introduction 
 
The field of microscopy has been an active 
area of research for the past few hundred 
years.  Whilst it is well-known and publicised 
that it is possible to obtain high-resolution 
images of biological  specimens in-vivo and 
furthermore, it is now possible to obtain sub-
diffraction limit images from samples.  It is 
less well-known that in the vast majority of 
cases this imaing is hardly ever realised. 
 
The reason for this is that the structure of 
the samples themselves are an optical 
medium with properties that degrade the 
light from the molecules of interest. Light 
travelling through gains aberrations that 
degrade the quality of the images, reducing 
the resolution and the image contrast. 
 
Using methods that were developed in 
astronomy it is now possible to compensate 
and correct for these aberrations in real-
time.  This control method is known as 
adaptive optics. 
 

Challenges with Light-Sheet 
Fluorescence Microscopy (LSFM) 
 
LSFM whilst introducing some advantages 
over more standard fluorescence microscopy 
techniques, such as wide-field microscopy 
and confocal microscopy, does have some 
drawbacks.  
 
One of these is the reduction of numerical 
aperture (NA), that is light collection and 
resolution, imposed by the orthogonal 
objective arrangement.  See Figure 3. 
 
Another is the striping effect which is a result 
of absorbing structures casting shadows 
across the field of view.  There is a loss of 
information in these artefacts and therefore, 
if these could be reduced by adaptive 
control, better imaging would result. 
 
In the DCSC we have built an adaptive LSFM 
microscope.  There are two control elements 
within this setup.  The first is a spatial light 
modulator (SLM) that uses electrodes to 
modulate the refractive index of a liquid 
crystal, thereby allowing the control of the 
phase across the aperture of the microscope. 
 
This first element allows the shaping of the 
illumination light, which for LSFM has 
aberrations and artefacts that degrade the 
image quality and require multiple image 
acquisitions to recover all the information, 
see Figure 1. 
 
The second element is a deformable mirror 
(DM), which uses a flexible metallic 
membrane manipulated by micro-actuators 
to correct the fluorescence light emitted by 
the sample. 
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Figure 2: Depth of field extension using our designed pupil filters. 

Light-sheet Fluorescence 
Microscopy (LSFM) 
 
A main challenge of fluorescence 
imaging comes from the very source of 
the imaging contrast, the fluorescence.   
When an electron is excited to a higher 
energy state in the molecule of interest, 
known as a fluorophore, this becomes a 
chemically reactive species.  As a result 
there is a chance that the molecule will 
undergo a photochemical reaction 
changing its structure and function.  
This effect is called photo-bleaching, 
and it is the same effect one observes 
when clothes are discoloured by 
sunlight. 
 
Additionally, during in-vivo imaging this 
property of the illumination causes 
unwanted cell damage and changes the 
physiological state of the organism that 
is being studied. 
 
In order to circumvent this problem a 
method called Light-Sheet Fluorescence 
Microscopy (LSFM) was developed [1]; 
the sample is illuminated from the side  
by a two-dimensional light-sheet  

so that only the plane imaged is illuminated.   
 
In contrast for other imaging modalities 
planes outside of the imaging plane are 
constantly illuminated, so the dose of light 
that the sample receives during the imaging 
process is much smaller in LSFM.  Therefore, 
for studies where imaging is conducted over 

a long time period, this technique is greatly 
superior. 
Another bonus of this technique is that is a 
plane-by-plane rather than point-by-point 
technique, hence imaging can be obtained 
much faster than in a scanning technique 
such as confocal microscopy.  

Figure 3: The orientation of the LSFM system.  

Recent Developments 
 
These adaptive elements have allowed 
us to develop techniques for the 
optimization of the beam profile [3] and 
also for the correct of aberrations 
introduced by the sample [4]. 
 
In Figure 2, the depth of field extension 
provided by the binary pupil filters we 
developed are shown.  This allows the 
imaging region of the LSFM to be more 
uniform in both illumination intensity 
and axial resolution as we increase the 
number of phase elements.  This is due 
the axial resolution of the microscope is 
linked to the width of the light-sheet 
used. 
 
The pupil filter solutions were found 
using numerical optimization on both a 
model of the system and then the final 
alignment and scaling done on the 
experimental system.  Furthermore, we 
have been developing ways in which it is 
possible to correct for the aberrations 
that are introduced by the system and 
the sample.  These are corrected using 
iterative algorithms that use an image of 
the light-sheet inside the sample. 
 
In the future, we will be working towards 
complete correction of the aberrations in 
the light-sheet and the use of optical 
fibers as a mechanism of delivery in 
LSFM.  
 
 
 


