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Living cells and organisms often 
suffer from the high intensities of 
light used for fluorescent imaging. 
Light sheet microscopy reduces 
phototoxic effects and bleaching 
by illuminating a specimen only 
in a single plane at a time. A new 
light sheet microscope combines 
light sheet and confocal micros-
copy in one system without com-
promising the functionality of 
both methods. This combination 
enables new applications.

H ow much light can a living 
organism tolerate? There is 

no general answer to that question. 
However, everybody working with 
fluorescent microscopy encounters 
problems when exposing living 
cells to light. Brilliant images are 
always a trade-off between fluo-
rophore bleaching and sufficient 
signal from the specimen. Living 
organisms can cope with sunlight, 
but they suffer from phototoxic 
effects caused by too much light 
from excitation lasers.

In the last ten years, light sheet 
fluorescent microscopy (LSFM) 
has emerged as a valuable tool for 
gentle imaging of living organisms. 
Nature Methods chose LSFM as 
“Method of the Year 2014” for good 
reasons [1]: Biological samples 
can be imaged with low photo-
toxicity. LSFM has intrinsic optical 
sectioning and therefore allows 
3D imaging. Image acquisition is 
fast due to high-speed video came-
ras. Particularly in developmental 
biology, LSFM has become the me-
thod of choice for the observation 
of sensitive developing embryos in 
real-time.

The standard method to obtain 
crisp images with high resolution 
and three-dimensional visualization 
of tissue is confocal laser scanning 
microscopy (CLSM). The resulting 

images have high axial resolution 
and show a lot of details as only 
light coming from the focal plane is 
able to pass through to the detector. 
Light from out-of-focus structures 
is filtered out by a pinhole in the 
light path. This allows optical 
sectioning. However, the whole 
specimen volume has to be illumi-
nated for every plane. Thus, for ten 
planes, the whole specimen has to 
be illuminated ten times. This easily 
leads to potential bleaching in the 
fluorophores and photodamage of 
the tissue (Fig. 1, upper panel).

A more gentle way to achieve 
optical sectioning is LSFM. Its 
principle was already described at 
the beginning of the 20th century as 
“Spalt-Ultramicroscope”. But it was 
not until the beginning of the 2000s 
that its potential for fluorescence 
microscopy was rediscovered [2]. 
In LSFM, the excitation and the 
detection light paths are decoupled 
(Fig. 1, lower panel). The sample is 
illuminated from the side in only 

one single plane or in a “sheet of 
light”. The emitted fluorescence is 
detected from above or below by 
a high-speed camera that allows 
for the simultaneous recording of 
thousands of pixels. Therefore, it is 
a very fast imaging method. By mo-
ving the sample through the light 
sheet, imaging of 3D volumes is 
possible with true axial resolution. 

How a sheet of light is formed

A light sheet is generated by an ob-
jective with low numerical aperture 
that has an elongated focus. The 
lateral and axial resolutions deter-
mine the thickness and the length 
of the light sheet, respectively. In 
litera ture, two different kinds of 
light sheets are discriminated: a sta-
tic light sheet [2] and a virtual light 
sheet called digital scanned light 
sheet microscopy (DLSM) [3]. The 
static light sheet can be generated 
by a cylindrical lens. The proper-
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ties of such a light sheet, like its 
width and height, can be changed 
by adap tive optics. The complete 
field of view is illuminated simul-
taneously at very low intensities. In 
contrast, a DLSM is formed by fast 
scanning of a laser beam during 
the acquisition time of the camera 
(Fig. ). The properties of a virtual 
light sheet can be adjusted very 
easily by adapting the scan range. 
Additionally, illumination is ex-
tremely homogeneous. 

Combining LSFM and CLSM

A typical light sheet microscope 
has a perpendicular setup where 
the illumination and the detection 
objectives are arranged at a 90° 
angle to each other. Recently, Leica 
Microsystems introduced a new 
light sheet module for its confo-
cal microscopy platform []. The 
Leica TCS SP8 DLS turns LSFM 
vertically by using a mirror device 
that deflects the light sheet at a 90° 
angle (Fig. ). The module is fully 
integrated into the vertical axis of 
the inverted microscopy stand. The 
illumination objective is located in 
the regular objective turret below 
the sample. The detection objective 
with the attached mirror is accom-
modated in the condenser arm 
coming from above. The confocal 
scanner is used for rapid line scans 
on the mirror surface which forms 
the digital light sheet. The image is 
projected into a high-speed camera. 
The confocal functionality of the 

system is not compromised by this 
setup, and any visible laser used for 
confocal microscopy can also be 
used as excitation source for LSFM. 
The integration of such a module 
into a confocal microscope gives 
the user several advantages: 
� Two technologies in one system 
are cost-efficient. 
� The user can always apply the 
appropriate imaging method for 
each individual sample. 
� The user can continue to employ 
 familiar sample preparation proto-
cols. 
� Multiple specimens can be 
imaged in one experimental setup. 
� The user gets true multimodal 
imaging by combining the two 
methods. 

The mirror device with the two 
opposing mirrors automatically 
solves a problem inherent in light 
sheet imaging. Like every fluores-
cent method, LSFM suffers from 
insufficient penetration depth of 
light. As the light is coming from 
one side, the image gets more and 

more blurred the deeper the light 
has to penetrate into the sample. 
Illuminating the sample from the 
opposite side and fusing the two 
images overcomes this problem 
and leads to one image of superior 
quality. When the scanning laser is 
targeted to both mirrors alternately, 
the sample is illuminated automa-
tically from both sides. Hence, two-
sided illumination is a result of the 
design.

Why use light sheet microscopy?

The major characteristics of LSFM 
also determine its key applications 
(Table 1): Light sheet imaging is fast 
and gentle, making it suitable for 
the observation of sensitive samples 
or fast biological processes. 

Low light intensities
Living specimens tolerate the re-
duced excitation light intensities 
inherent in the light sheet much 
better. Therefore, they can be ob-
served for longer time periods than 
before. Developmental biologists 
derive particular benefit from the 
light sheet technology, and it has 
naturally been most successful 
in this area. The combination of 

Fig.  Generation of a static light sheet 
(top) and a scanned light sheet used for 
DLSM (bottom).

Static light sheet

Virtual (scanned) light sheet

Fig. 1 Illumination (blue) and detection 
(green) paths of confocal and light sheet 
microscopy. Light sheet microscopy illu-
minates the specimen only in a single 
plane. Since there is no out-of-focus ex-

citation, phototoxic effects (grey) can be 
reduced to the focal plane. Thus, optical 
sectioning is given automa tically, and 
specimens can be imaged in 3D by mo-
ving the sample through the light sheet.
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Fig.   Conventional light sheet imaging 
versus vertical light sheet module. The 
mirror deflects the light sheet at a 0° 
angle and enables integration of illumi-
nation and detection objectives into the 
vertical axis of an inverted microscope.
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low illumination and high-speed 
acquisi tion allows scientists the ob-
servation of developing organisms 
for several hours or even days and 
to understand how tissues and 
organs form in real-time and 3D 
without noticeable weakening of 
the fluorescence signal (Fig. 4).

Genome editing methods with 
engineered nucleases like ZNFs 
(zinc finger nucleases), TALENs 
(transcription activator-like effec-
tor nucleases) or the CRISPR/Cas 
(Clustered Regularly Interspaced 
Short Palindromic Repeats/CRISPR 
associated nucleases) system tag en-
dogenous proteins with fluorescent 
markers. They generate transgenic 
organisms with low, but physiologi-
cally relevant expression levels of a 
gene of interest. However, conven-
tional microscopy techniques often 
lead to bleaching of the faint fluo-
rescence from the few molecules. 
Light sheet microscopy therefore is 
the perfect tool to reveal the physi-
ological function of genes at endo-
genous expression levels.

Fast processes
LSFM uses high-speed video ca-
meras that allow for the acquisition 
of thousands of pixels in parallel. 
Rapid cellular processes such as 
fast developments or cell migration 
can be recorded by this technique 
very easily. LSFM is very popular 
among scientists who study such 
dynamic processes as for example 
the development or dynamics of the 
zebrafish heart. New acquisition 
modes and specific post-processing 
algorithms track these very fast 

periodic movements which are 
too fast to follow by conventio-
nal recording of z-stacks [6]. An 
xytz scan mode in the novel light 
sheet module acquires times series 
of single planes and allows three-
dimensional reconstructions of 
a beating zebrafish heart in a 4D 
movie afterwards (Fig. 5). 

Advanced applications

An LSFM module integrated into 
a confocal microscope creates new 
possibilities. The same sample can 
be used for confocal imaging and 
light sheet microscopy without 
moving it to another microscope. 
The sample can be manipulated in 

the confocal imaging mode before 
it is imaged by LSFM. For example, 
after a subpopulation of macro-
phages expressing the photocon-
vertible fluorescent protein Kaede 
is activated in the confocal mode 
by the UV laser and a wound is  
introduced using a multiphoton 
laser, the behavior of these speci-
fic cells can be investigated over 
long time periods by light sheet 
microscopy (Fig. 6).

A lot of data

One of the drawbacks of LSFM is 
the amount of data which is gene-
rated. Observing a specimen over 
many hours or even days from dif-

Table  Charac-
teris tics of light 
sheet microscopy 
and its applica-
tions.

Advantages of light sheet microscopy

Technical feature What can be achieved? Why is it good?

Illumination reduced 
to the observed 
plane

Optical sectioning True axial resolution

Low bleaching of fluorophores Reduction to at least 1/300 energy exposure [5]

Low phototoxicity Improved viability, ideal for living specimen

Low fluorophore 
bleaching

Better z sampling
The scientific question, not the photobleaching 
rate, defines the experimental set-up

Longer observation periods

Higher time sampling

Camera-based de-
tection = parallelized 
detection

Fast recording
Observe the dynamics of biology

Reduced exposure time down to few µs

High dynamic range (several 1000 grey levels)
Improved image processing

Higher signal-to-noise

Low-excitation NA Deeper penetration for bigger specimens Biology at the organism level

Fig. 4 Low phototoxicity and specimen 
imaging in 3D: Development of Droso-
phila melanogaster over six hours. 

Probe: Light-sensitive H2B-RFP. 3D  
rendering. 150 μm z stack, 30 sec/ 
stack.
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ferent viewpoints easily produces 
several gigabytes in one single ex-
periment. However, the observation 
of one specimen is not sufficient 
for scientific proof. Developments 
in LSFM have to address this pro-
blem, as scientists do not only wish 
to acquire data, but also need to 
be able to get the information that 
answers their scientific question. 
High-performance computers and 
large storage units are a must, and 
software tools also facilitate the 
handling of the acquired data. For 
example, online fusion only allows 
keeping fused images from multi-
view acquisitions, smart loading 
gives direct access to specific time 
points, and intelligent post-proces-
sing pipelines can compile several 
processing operations to ease the 
data handling significantly.

Summary

Light sheet microscopy reduces 
photodamage and uses high-speed 
video cameras for image acquisi-
tion. It is therefore the ideal method 
for imaging sensitive samples or 
fast dynamic processes. A new light 
sheet implementation integrates 
illumination and detection optics 
into the vertical axis of an inverted 
confocal microscope stand by a 
unique mirror device that de- 
flects the light sheet at a 90° angle. 
This allows the combination of  

light sheet and confocal imaging 
methods and opens the door to  
ad vanced applications. 
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Fig. 6 Combining imaging modes: Photoconversion (405 nm 
laser) and wounding (multiphoton laser) in the tail of a Kaede 
transgenic zebrafish embryo, time-lapse recording of photo-
converted macrophage cell (arrow head) migrating towards 
the wound (circle), and tracking of converted cell. 
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Fig. 5 The xytz scan mode allows the 4D 
reconstruction of a beating zebra fish 
heart. (Transgenic line flik1::EGFP. Post-
acquisition alignment after xytz scan  
recording. Recording speed: 120 frames/
second).
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