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Visualizing entire neuronal networks for analysis in the intact

brain has been impossible up to now. Techniques like computer

tomography or magnetic resonance imaging (MRI) do not yield

cellular resolution, and mechanical slicing procedures are

insufficient to achieve high-resolution reconstructions in three

dimensions. Here we present an approach that allows imaging

of whole fixed mouse brains. We modified ‘ultramicroscopy’ by

combining it with a special procedure to clear tissue. We show

that this new technique allows optical sectioning of fixed mouse

brains with cellular resolution and can be used to detect single

GFP-labeled neurons in excised mouse hippocampi. We obtained

three-dimensional (3D) images of dendritic trees and spines of

populations of CA1 neurons in isolated hippocampi. Also in

fruit flies and in mouse embryos, we were able to visualize

details of the anatomy by imaging autofluorescence. Our method

is ideally suited for high-throughput phenotype screening of

transgenic mice and thus will benefit the investigation of

disease models.

In the last decades many new brain imaging techniques have been
developed1–4. On a macroscopic scale, the most prominent tech-
niques are computer tomography, MRI and positron emission
tomography. Although these techniques allow for whole brain
imaging, even the highest attainable resolution in micro computer
tomogrpahy and mMRI does not resolve individual cells1,2. On a
microscopic scale, confocal and two-photon microscopy have
penetration depths of less than 1 mm and thus cannot image
whole brains4. Standard histological sections still provide the
highest resolution for macroscopic specimens, but 3D reconstruc-
tions are very laborious and hard to obtain. This is primarily due
to mechanical distortions, which are an almost inevitable side-
effect of the slicing procedure5,6. Other approaches did not yield
cellular resolution in the past or are only applicable to small
transparent organisms7,8.

We therefore developed an alternative technique that allows one
to observe macroscopic specimens like whole brains with micro-
scopic resolution. To obtain optical sectioning, we used the
100-year-old idea of light sheet illumination, once termed

‘ultramicroscopy’9. In this kind of microscopy, the specimen is
illuminated from the side with a thin light sheet (Fig. 1). As all parts
of the specimen above or below the light sheet are in the dark, no
out-of-focus light is generated, and no light has to be excluded later
on, as in confocal microscopy. In confocal microscopy the
planes above and below the imaging plane are also illuminated.
This generates bleaching in out of focus planes. As the pinhole is
not infinitely small, also light from out-of-focus planes is detected.
In ultramicroscopy, optical sections are generated by stepping
the specimen through the thin illumination plane. In contrast to
confocal or two-photon microscopy, good optical sectioning can
also be obtained in macroscopic specimens. The reason is that
low-power objectives with a low numerical aperture (NA),
providing a large field of view, can be used. However, ultramicro-
scopy was developed for optically transparent objects and was
not applicable to mouse brains, which are opaque. We therefore
applied a special clearing procedure to render fixed mouse
brains transparent.

Like ultramicroscopy, this clearing technology dates back nearly
a century to anatomical studies of the heart, and has been used
occasionally in embryology but not whole brains10,11. The principle
is based on the immersion of the specimen in a medium with the
same refractive index as protein. Because intra- and extracellular
compartments then have equal refractive indices, light is no longer
scattered but traverses the specimen unhindered. When also no
absorption occurs, the brain becomes transparent. Using this
technique, we were able to clear specimens as large as 2 cm. The
results of clearing strongly depended on age. Embryos and whole
brains of young mice up to postnatal day 10 (P10) became
completely transparent. In summary, we have developed a techni-
que which allows 3D imaging of macroscopic samples with micro-
meter resolution.

RESULTS
Imaging of neurons
Using ultramicroscopy we imaged GFP expressing neurons in
whole brains of previously described thy1-GFP-M transgenic
mice12. We positioned the specimens in a chamber with glass
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windows filled with clearing solution (Fig. 1). For fluorescence
excitation, we used a slit aperture and cylinder lens to focus the blue
light of an Argon-Ion laser (l ¼ 488 nm) to a thin horizontal light
sheet. We moved the specimen chamber containing the brain
vertically through this light sheet in small increments, consecutively
exciting several hundred optical sections. We acquired images using
a modified microscope and a charge-coupled device (CCD) cam-
era, and stored them for offline analysis and 3D reconstruction.
Image quality degraded somewhat upon
focusing deeper into the sample. We there-
fore recorded image stacks starting from the
top and then from bottom of the object and
fused these stacks computationally. This
approach allowed reconstructions of similar
image quality in the upper and lower half of
the object. For large objects, we found it
mandatory to use two-sided illumination,
as the excitation becomes less intense when
the light sheet traverses a larger specimen.
This becomes clearly visible when one uses

one-sided illumination, as then only about one half of the whole
brain shows bright fluorescence. The underlying decrease of fluor-
escence intensity must be due to scattering and diffraction effects.
These effects will lead to a widening of the light sheet, which means
less fluorescence intensity. Thus in two-sided illumination the
fluorescence originating from the more collimated beam domi-
nates, making the impact of diffraction and scattering on the
excitation beam less severe.

We could easily visualize the shape of the hippocampus in the
whole brain preparation using a GFP emission filter. By imaging
autofluorescence we were able to also obtain anatomical details of
the whole brain (Fig. 2a and Supplementary Video 1 online).
Furthermore, we could discern GFP-labeled neuronal somata and
dendrites in the hippocampus through the overlying neocortex by a
5� (NA, 0.25) objective (Supplementary Video 2 online). To
obtain even higher resolution, we dissected hippocampi out of
the whole brain. Using these excised complete hippocampi we
could visualize the distribution of labeled cell bodies in detail
(Fig. 2b and Supplementary Video 3 online), which is not possible
with standard fluorescence microscopy. The complex dendritic
network of pyramidal neurons became apparent in the optical

Camera target

Tube lens

GFP filter

Objective
Fluorescence

light

Specimen chamber
Brain

Cylinder lens
Blue laser

light

Slit aperture

a

b

GFP-labeled
hippocampi

c

b

d

Optical
sections

Digital section

a

Figure 2 | Brain imaging. (a) Surface of a whole

mouse brain reconstructed from 550 optical

sections. Both the GFP and autofluorescence

signal are imaged. Note the hippocampal

pyramidal and granule cell layers in the digital

sections. Scale bar, 1 mm. (b) Excised whole

hippocampus reconstructed from 410 optical

sections. Single cell bodies are visible. Scale bar,

500 mm. (c) 3D reconstruction of part of a whole

hippocampus using 132 optical sections.

Reconstruction was processed with Huygens

deconvolution software. Scale bar, 200 mm.

(d) 3D reconstruction of dendritic spines of CA1

pyramidal neurons obtained with a higher

resolution objective (20�; NA, 0.4) in a whole

hippocampus (430 optical sections, deconvolved).

Scale bar, 5 mm. Objectives: Planapochromat

0.5� (a), Fluar 2.5�,(b), Fluar 5� (c) and

LD-Plan-Neofluar 20� (d).

Figure 1 | Principle of ultramicroscopy. (a) The sample is illuminated from

two sides by a blue laser forming a thin sheet of light. Fluorescent light is

thus emitted only from a thin optical section and collected by the objective

lens. Stray light is blocked by a GFP filter and the image is projected through

the tube lens onto the camera target. (b) Photograph of a whole mouse brain

in clearing solution illuminated in an early experiment by the white light of a

high-pressure mercury burner.
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sections using a 5� objective (NA, 0.25; Supplementary Video 4
online). From these sections, we obtained 3D reconstructions of the
dendritic networks (Fig. 2c and Supplementary Video 5 online).
By using a 20� objective (NA, 0.4) with a correction collar, we
could even readily identify spines (Fig. 2d and Supplementary
Video 6 online). This is most remarkable, as confocal images of
spine bearing neurons are normally obtained with much higher NA
objectives (NA 4 1.2).

Using autofluorescence imaging we
could also discern strongly autofluorescent
structures such as the primary and second-
ary barrel field (Fig. 3a and Supplementary
Video 7 online). Additionally, in brains of
mice older than P14, we were able to
visualize fiber tracts, probably owing to
myelination. These fibers could be easily
imaged by detection of scattered light,
when we omitted the GFP filter (Supple-
mentary Video 8 online). This means that
in brains older than P 14 light scattering
starts to influence visualization.

Our method is also applicable to speci-
mens labeled by immunohistochemistry.
We labeled a mouse cerebellum with mouse
anti–neu-N followed by biotinylated goat
anti-mouse and streptavidin-Cy3 (Fig. 3b).
By sliding a sectioning plane through the
3D reconstruction in the computer, we
could perform a kind of ‘virtual histology’.

To make large objects as whole mouse
brains transparent, we had to improve
existing procedures. By careful removal of
all water in the tissue with an additional
dehydration step (see methods) we were
able to clear whole brains of 3–4-week-old
mice with the exception of brainstem and
thalamus. Clearing of such large objects has
not been reported before. To obtain images
of dendrites and spines, it was absolutely
essential that GFP fluorescence persisted
during the procedure. In contrast to pre-
vious informed reports, we could preserve

GFP fluorescence during clearing. To pre-
serve optimal GFP fluorescence we found
that it was important to keep clearing time
as short as possible, that is, about 6 h for
the isolated hippocampi and about 2 d for
whole brains.

Imaging of mouse embryos and fruit flies
We were also able to visualize whole mouse
embryos by autofluorescence. The circula-
tory system, including blood capillaries,
became especially apparent, as blood
remaining in the vessels shows strong auto-
fluorescence (Fig. 4).

Ultramicroscopy can also be applied to
the study of insects. Using D. melanogaster,
we could show that the entire body, includ-

ing muscles and the optic lobes in the nervous system, becomes
transparent in our clearing solution. It was possible to reconstruct
the whole fly by imaging autofluorescence (Fig. 5).

DISCUSSION
The approach presented here converts the microscope into an
optical tomograph. The most important feature of ultramicroscopy

a b

Figure 3 | Imaging of different sources of fluorescence. (a) Primary and secondary barrel field made

visible by excitation of autofluorescence in the whole brain of a 10-day-old mouse. Scale bar, 500 mm.

(b) Neurons in a part of a cerebellum stained for neu-N by Cy3-labeled secondary antibodies. Scale bar,

100 mm. Objectives: Planapochromat 1� (a) and Fluar 5� (b).

a

c

b

d

Figure 4 | Imaging of mouse embryos. (a) Surface of a mouse embryo. Scale bar, 2 mm. (b) Blood vessel

system of the mouse embryo in a made visible by excitation of autofluorescence. Scale bar, 2 mm.

(c) Surface of the head of a mouse embryo. Scale bar, 1 mm. (d) Blood vessel system in the head of the

mouse embryo in c. Scale bar, 1 mm. Objectives: Planapochromat 0.5� (a,b), Planapochromat 1� (c,d).
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is its ability to image macroscopic specimens with micro-
meter resolution. Such a high-resolution widefield microscopy is
possible because in ultramicroscopy illumination and observation
are independent, leading to an uncoupling of lateral and axial
resolution. Large fields of view, essential for macroscopic
specimens, necessitate the use of objectives with low NA.
These objectives have poor axial resolution, thus prohibiting 3D
reconstructions with standard microscopy. The ultramicroscopy
presented here allows for an extremely fast reconstruction of
centimeter-sized objects in three dimensions. This technique
opens up completely new applications. By using either auto-
fluorescence, GFP labeling or immunocytochemistry, it will be
possible to reconstruct all organs inside embryos. The speed
and convenience of ultramicroscopy will allow a high-throughput
phenotyping of mouse mutants, which are generated in great
numbers for biomedical research. Whereas an alternative
technique, optical projection tomography, is inherently limited to
a resolution of about 20 mm, our technique allows resolution in
the submicrometer range for small objects (r2 mm). With suitable
lenses it should be possible to reach this resolution throughout
whole embryos.

Recently a modified version of ultramicroscopy was presented as
selective plane illumination microscopy (SPIM)8. This technique is
similar to the one described here, as it also uses the principle of
ultramicroscopy (light sheet illumination) but differs in important
aspects. First, it uses one-sided illumination and necessitates
embedding the specimens in agar. Second, it uses time-consuming
image processing with custom software. In SPIM, the specimen is
turned through the light sheet. We use instead two sided illumina-
tion and the specimens can be placed conveniently in the clearing
solution in a simple chamber with glass windows. Only for large
objects (42 mm) we computationally merge stacks taken from top
and bottom.

From a technical point of view, ultramicroscopy is still in its
infancy. Our 3D reconstructions are presently limited by computer
power, as our graphics processors can not handle more than 600
optical slices with high resolution. Mouse brains older than 2 weeks
cannot be imaged completely, as heavily myelinated structures such
as thalamus and brain stem do not become transparent. Strategies
to remove fatty residues may be promising. Generally resolution

somewhat degrades if one focuses deeper into the brain. Besides
light scattering, this is probably due to residual variations of the
refractive indices of the cleared tissue, which leads to diffraction of
the emitted light. Furthermore, the specimens show a distinct
autofluorescence, which reduces the visualization depth for small
details, such as spines, through the whole mouse brain. Presently
imaging of spines is thus only possible in excised hippocampi,
although dendrites of granule cells in the hippocampus could be
visualized through the overlying neocortex. To improve imaging
depth, GFP fluorescence could be distinguished from autofluores-
cence by spectral imaging13. Furthermore, our images suffer from
spherical aberration as we presently have to use objectives that are
not corrected for use in oil14. Correction of this spherical aberration
by specialized optics (for example, adaptive optics) will improve
resolution and imaging depth. The best results would be obtained
with oil objectives with long working distances. Such objectives
could be provided by the microscope companies in the future. For
macroscopic samples, low power objectives with a higher N.A.
would enhance the detection of small details. Objectives with a NA
of 4 0.5 and a field of view encompassing objects as large as a
whole mouse brain need to be built. These improvements should
allow for a resolution of 0.5 mm throughout the whole mouse brain,
anticipating further improvements in clearing. According to
old published findings10 it may even be feasible to image distinctly
larger specimens.

The most intriguing application of our technique lies in the
analysis of neuronal networks in the brain. A high-resolution 3D
anatomical representation will considerably help to under-
stand results obtained with more functional approaches15–17.
The 3D reconstructions with confocal or two-photon micro-
scopy are limited to small volumes in the range of hundreds
of micrometers4. Ultramicroscopy has the potential to image
all cells that can be labeled by fluorescence. Different neurons
can be labeled with different colors by the stochastic expre-
ssion of genes for fluorescent colors (J. Livet, J.R. Sanes & J.W.
Lichtman, Soc. Neurosci. Abstr. 35, 249.3, 2005). With such labeling,
it should be possible to analyze complex neural networks,
for example, in the neocortex. Finally, computer-animated voy-
ages through body and brain will no longer remain a vision but
become reality.

a b c

Figure 5 | Imaging of D. melanogaster (a) Whole fly. Scale bar, 400 mm. (b) Optical lobes inside D. melanogaster head. Scale bar, 100 mm. (c) Part of the

facetted eye. Scale bar, 20 mm. Objectives: Fluar 2.5� (a), Fluar 5� (b) and LD-Plan-Neofluar 20� (c).
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METHODS
Preparation of specimens and clearing. We obtained whole
mouse brains from 3–5 week-old thy-1 GFP-M (c57/bl6) mice.
Mice were generated by J. Sanes (see ref. 12) and kindly
provided by Rüdiger Klein (Max Planck Institute of Neurobiol-
ogy). We deeply anesthetized mice by intraperitoneal injec-
tion of pentobarbital (10 mg/kg) and then transcardially perfused
them with 40 ml ice-cold 0.1 M PBS (pH 7.4, 1,000 units/ml
heparin) followed by 80 ml of 4% paraformaldehyde in 0.1 M
ice-cold PBS for perfusion-fixation. We removed the brains
from the skull and placed them in fixative for 1 h at 4 1C,
rinsed them 2 times in PBS, and stored them in PBS at 4 1C. We
then dehydrated the tissue in a graded ethanol series (30%,
50%, 70%, 80%, 96% and twice in 100% for 1 d each) at
room temperature (19–22 1C). We rinsed the brains in 100%
hexane for 1 h, a crucial step to achieve maximal dehydration
for whole brains. We then transferred them into a clearing
solution of 1 part benzylalcohol (Sigma) in 2 parts benzylbenzoat
(Sigma). We stored whole brains in the clearing solution for at
least 2 d at room temperature before imaging. Generally we
observed the transparency of all preparations by eye during
clearing to start imaging as soon as clearing was complete.
Experimental procedures with mice were approved by the com-
mittee for the Care and Use of Laboratory Animals of the
Government of Bavaria.

We dissected hippocampi out of whole brains under red light
after perfusion and before dehydration. We dehydrated them in a
graded ethanol series (50%, 80% and 96%) for 1 h each and left
them in 100% ethanol overnight before transfer to the clearing
solution for about 6 h.

We obtained embryos from CD1 mice, which were killed by an
overdose of pentobarbital. We transferred the embryos to the
fixative for 1 d, dehydrated them in ethanol (30%, 50%, 80%, 96%
and 2 � 100% for 1 d each) and then transferred them to the
clearing solution for at least 2 d.

We killed D. melanogaster by ether and transferred them into
4% PFA (3 � 20 min). After washing two times for 10 min in PBS,
we dehydrated D. melanogaster in the ethanol series (50%, 70%,
80%, 96% and twice in 100%), each step for 2 h, with the last step
overnight, omitting hexane. Finally we transferred them to the
clearing solution for 2 d.

Microscopy. The specimen was illuminated with a planar sheet of
light, formed by cylinder lenses and slit apertures. For fluorescence
observation we coupled the light of an argon-ion laser (Innova 90,
Coherent; l ¼ 488 nm) via a single mode glass-fiber into the
setup, allowing illumination from one or two sides. Illumination
intensity was 1.5 mW per mm light sheet (for example, 15 mW for
a 10 mm wide light sheet).

We used two-sided illumination for larger objects, such as
whole brains or large embryos, as fluorescence intensity
shows some decrease of intensity at the farthest extent of the
illumination plane. We observed the specimen from above with a
modified macroscope (Leica) or microscope (Zeiss), which was
oriented perpendicular to the light sheet. For GFP and auto-
fluorescence imaging, we positioned a bandpass filter (pass
band: 505–530 nm; Zeiss) above the objective. For specimens
labeled with CY3 secondary antibody we used a rhodamine
filter (pass band 496–576 nm; Chroma Technologies). We

recorded images with a CCD camera (CoolSnap Cf, 1392 �
1040 pixels, Roper Scientific or Retiga EXi, 1,024 � 1,024 pixels,
Quantum Imaging).

The lateral resolution is simply governed by the NA of the
objective and is described by

dmin ¼ 0:61l
n�NA

; ð1Þ

where dmin is the minimum distance allowing two points to be
resolved, l the wavelength of the excitation light and n the
refractive index of the medium. As we are observing the specimen
through oil layers of different thickness, the refractive index of the
oil (n ¼ 1.55) is neglected.

The minimal width of the light sheet, the beam waist, is given as
an estimate according to reference 19 by

w0 ¼
l� f

p�w
ð2Þ

where w0 denotes half of the minimal light sheet width, w half of
the width of the laser beam before focusing and f the focal length
of the cylinder lens.

The width of the light sheet w(z) at any point z along the lateral
extension of the light sheet can be calculated according to
reference 19 using

wðzÞ ¼ w0

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1+

l� z

p�w2
0

� �2
s

ð3Þ

Thus, a smaller beam waist w0 in the center means a larger beam
width at a certain distance z. Both w0 and w(z) depend inversely
on w and thus on the width of the slit in front of the cylinder
lens (¼ 2w). It is a good compromise to use a slit width which
results in a light sheet thickness at the sides of the specimen offfiffiffi

2
p

w0. The maximal slit width used in our experiments was 4 mm
with an f ¼ 40 mm cylinder lens for high resolution images in the
hippocampus. For large samples like whole brains, a slit width
of 1 or 2 mm was used with an f ¼ 80 mm lens. The width of the
light sheet at the beam waist (Gaussian beam, 1/e2) was 6 mm for
smaller specimens (hippocampi) and 25 or 50 mm for larger
specimens (whole brains). It must be noted that the thickness of
the light sheet is defined by the 1/e2 cutoff points (13.5% of the
peak) of the Gaussian beam profile, which means that also the low
intensity sides of the laser beam are included in the calculation. As
fluorescence depends on the illumination intensity, the effective
beam width is lower.

Image processing. We processed images using commercial 3D
reconstruction software (Amira 4.0; Mercury Computer Systems).
We obtained 3D reconstructions from z-stacks consisting of
100–600 optical slices, taken at increments of 7.5 mm (whole
embryos) to 2 mm (hippocampal dendrites). We applied nonblind
deconvolution (Huygens; Scientific Volume Imaging) on the
image stacks used for the high-resolution hippocampal images
before 3D reconstruction. Although Huygens was specially deve-
loped for the deconvolution of confocal images, it also performed
well for our ultramicroscopic data, even when using a theoretical
point-spread function calculated for a confocal microscope.
Remarkably, we found that the minimum pinhole radius that
could be entered empirically gave the best results for the 3D
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reconstructions. Such a small pinhole radius means that ultra-
microscopy is extremely ‘confocal’. This finding underlines
the optical sectioning strength of ultramicroscopy. Further
parameters used in the Huygens deconvolution software were:
NA of the objective (0.25 or 0.4), refractive index of the embed-
ding medium: 1.55, refractive index of the lens immersion
medium: 1.0, excitation wavelength: 488 nm; emission wavelength
510 nm. All other parameters, like signal-to-noise ratio, were
the default values. We produced images of whole mouse
brains and embryos by merging further 2 z-stacks obtained by
focusing through the specimen from top and bottom. We used
average or maximum intensity projections to create the 3D
reconstructions. Nearly all software packages developed for con-
focal microscopy can also be applied to ultramicroscopy for 3D
image reconstruction.

To display the reconstructions, we used a new autostereoscopic
3D monitor (SeeReal CN; SeeReal Technologies) allowing stereo-
scopic vision without goggles. This kind of display considerably
helps the understanding of the complex anatomy, which can be
imaged by ultramicroscopy.

Imaging times. By scanning the specimen through the light sheet
along the microscope axis, we recorded 500–1,000 optical sections.
The recording time (0.5–2 s) of a single section depended strongly
on the size of the object as only limited laser power was available.
Thus acquisition time for the whole stack was in the order of
5–30 min. The deconvolution time strongly depended on image
stack size, processor type and the amount of available computer
memory: For an images stack of about 300 images with
a resolution of 500 � 500 pixels, it is in the range of 6–8 h on
a 3 GHz Opteron machine, equipped with a single processor and
1.3 GB memory.

Additional methods. A description of the immunohistochemistry
procedure and objectives used for each specimen types is available
in Supplementary Methods online.

Note: Supplementary information is available on the Nature Methods website.
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Supplementary Methods 

 

Immunohistochemistry. We bleached perfusion-fixed brains by hydrogen peroxide (1 part 

30% H2O2 in 4 parts 100% EtOH) until they were completely white. After dehydration in the 

graded ethanol series described above, we subjected the tissue to five cycles of freezing (-

80°C) and thawing at room temperature. Rehydrated tissue was enzymatically digested by 

proteinase K (300 U/ml, Promega) for 5 min to permit penetration of antibodies (to a depth of 

about 500 µm). We blocked non-specific antibody binding by 2 % non-fat skim milk powder 

and 0.1% Triton X-100 in PBS (PBSMT) for 6-8 h. Subsequently, we incubated the brains for 

72 h (4°C) in primary antibody neu-N (mouse anti-neuronal nuclei monoclonal antibody 

1:500, Chemicon) diluted in PBSMT. After rinsing several times for 3-4 h in PBSMT we 

incubated the brains were incubated in biotinylated secondary antibody (biotinylated goat 

anti-mouse IgG 1:200, Vector) overnight. We thoroughly rinsed the tissue again for 5-8 h and 

finally incubated it in streptavidin-Cy3 conjugate diluted in PBS (1:2000, Jackson 

ImmunoResearch Laboratories) for 5 h at room temperature.  

 
 
 
Objectives used: Objectives used were either Planapochromats (Leica) for the macroscope or 

Fluar or Neofluarobjectives (Zeiss) for the microscope. We used the macroscope without the 

zoom to increase fluorescence collection efficiency and NA. The size of the imaging field 

depended on the different optical adapters (0.33 x, 0.5 x, 0.63 x, 1 x) and intermediate 

imaging tubes used. The resolution (dmin) of the objective can be calculated according to 

equation (1) as: Planapochromat 0.5x, NA 0.05, dmin = 5.5 µm, Planapochromat 1x, NA 0.1, 

dmin = 2.7 µm for the macroscope, and Fluar 2.5x, NA 0.125, dmin = 2.2 µm, Fluar 5x NA 

0.25, dmin = 1.1 µm  Plan-Neofluar 20x NA 0.4 corr, dmin = 0.7µm  for the microscope.  



Specimen related use of objectives: Whole brains: The 0.5 x objective yielded with the 0.33 x 

adapter the largest imaging field of 20.2 x 15.2 mm. Hippocampi: Whole hippocampus: 2.5 x 

Fluar with 0.5 x adapter, resulting field size 5.2 mm x 3.9 mm. Dendritic trees: 5 x Fluar with 

1 x adapter, resulting field size 1.3 mm x 1.0 mm. Spines: 20 x Plan-Neofluar with 1 x 

adapter, resulting field size 0.32 mm x 0,24 mm. 

Embryos: 0.5 x with 0.33 x adapter for whole embryos, and 1 x with 0.33 x adapter for the 

head, yielding a field size of 20.2 mm x 15.4 mm or 10.1 mm x 7.6 mm, respectively. 

Drosophilae: Whole Drosophila: 2.5 x with 1 x adapter, resulting field size 2.6 mm x 1.9 mm, 

Head: 5 x Fluar with 1 x adapter, resulting field size 1.3 mm x 1.0 mm, Eye: 20 x Neofluar 

with 0.5 x adapter, resulting field size 0.65 mm x 0.48 mm. 
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