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Plasmacytoma cell stained for the Golgi cisternae by Gordon Koch 
(LMB, Cambridge) shows optical sections of the cisternae (left)



PALM
(photoactivated localisation 

microscopy):
Betzig et al. (2006) Science 313 1642-
1645

An example of sparse 
imaging:



Repeated imaging of a sparse specimen







Ultramicroscopy (Siedentopf and 
Zsigmondy, 1903)

Used sunlight through a 
slit aperture to observe 
gold particles

Specimen holder fixed to 
objective lens

(Magnifications of the 
lenses were not given in 
the 1903 paper).



SPIM (Huisken, 2004)
Selective plane imaging



Santi, J Histochem Cytochem 2011 59



Types of light sheet



Creating a Bessel beam



Open SPIM
http://openspim.org



Digital Light Sheet Microscopy 
(=scanned light sheet microscopy) 

Example:
Drosophila melanogaster development (20 
hours) using two-photon DLSM (Caltech):

http://www.youtube.com/watch?v=6C11c-03ihc



Light sheet advantages
Light sheet microscopy offers 
• multi-colour fluorescence imaging
• optical sectioning
• low photo toxicity
• fast and sensitive detection with the latest camera 

technology (EMCCD, sCMOS) 
• good penetration in scattering tissues
• multi-view acquisition by rotation of the sample or 

scanning of excitation beam
• BUT specimen must be very transparent.
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Numerical  Aperture (NA) =  n sin 

resolution in xy plane, r =  0.61  /  NA







Mesolens: large volumetric imaging, sub-cellular resolution
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60x N.A.1.4

4x N.A.0.2

Mesolens
4x N.A.0.5

3m

rlat(500nm)=0.2m
rax(500nm)=0.4m

rlat(500nm)=1.5m
rax(500nm)=30m

rlat(500nm)0.6m
rax(500nm)=2.9m
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Small intestine



Rat brain explant movie

Movie: 

embryonic rat brain explant showing 

Neurones (green)
Glial cells (red)
Nuclei (blue)



Rat brain explant movie
Section of 15 day old mouse embryo 
head (montage derived from a single 
Mesolens image by moving the 
camera)

4mm diameter
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(specimens prepared by Gavin Chapman, 
Victor Chang Cardiac Research Labs, Sydney)

Confocal mesoscopy of 10-day mouse embryos

Whole mounts, fixed and cleared in glycerol after 
staining with a nuclear marker (Acridine Orange): 
ImageJ

1. Whole mouse
2. Region of interest (cardiovascular system)
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Mesolab:  An Evaluation Centre for 
Optical Mesoscopy for Biomedical 

Research at the University of Strathclyde

http://mesolab.wordpress.com









MesoDev WP1: Fast wide-field mesoscopy, J. Dempster (Strathclyde)
MesoDev WP2: Multi-photon mesoscopy, G. McConnell (Strathclyde)
MesoDev WP3: Digital scanning lightsheet mesoscopy, M. MacDonald (Dundee)
MesoDev WP4: Fluorescence lifetime mesoscopy, B. Vojnovic (Oxford)

MesoApp WP1: Mesoscopic bioluminescence recording to understand circadian 
timing, M. Hastings (Cambridge)
MesoApp WP2: ‘Super-wide-field’ single cell gel electrophoresis assays, M. Boyd 
(Strathclyde)
MesoApp WP3: Three-dimensional and four-dimensional optical mesoscopy of 
developing mouse embryos, T. Weaver (MRC Harwell)
MesoApp WP4: Three-dimensional and four-dimensional image analysis of 
developing mouse and human embryos datasets acquired using optical mesoscopy
R. Baldock (Edinburgh) and S. Lindsay (Newcastle)
MesoApp WP5: Visualising infection and immunity at the mesoscopic scale in vivo, 
O. Millington (Strathclyde)
MesoApp WP6: Simultaneous mesoscopy and electrophysiological recording of large 
neural networks, K. Mathieson (Strathclyde)

Mesolab projects and collaborators



6576 x 4384 pixel + pixel shift technology = 260 Megapixel @ 0.6fps 

Stemmer Imaging…
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