
ONBI January, 2015

VIABILITY COMPARISON OF MICROSCOPE 
TECHNIQUES

Dr. B. Christoffer Lagerholm
Wolfson Imaging Centre Oxford

Facility Manager

Wolfson

ImagingCentre

Oxford



Application Example: Long-term non-invasive in vitro imaging

Live HeLa cell expressing Histone 2B-Green fluorescent protein (H2B-GFP) that 
was imaged at 10 min interval for ~ 24h. 



Application Example: Non-invasive in vivo imaging in Drosophila Embryos

His2A-GFP

Richard Parton, Dept. of Biochemistry; Veronica Buckle & Jill Brown, MHU WIMM



Simultaneous multiview imaging of Drosophila embryonic development (His2Av-GFPS65T transgenic stock). The embryo was recorded at 30-second intervals over a 

period of 17 hours, using an image acquisition period of 15 seconds per time point. The data set consists of 1,066,520 high-resolution images (11 terabytes). The video 

shows separate maximum-intensity projections of the first and second halves of the fused and background-corrected three-dimensional image stacks, providing dorsal 

and ventral views of the developing embryo. To reduce the file size of this video, frames were down-sampled by a factor of 2. Imaging framework: One-photon SiMView. 

Detection objectives: 2× Nikon CFI75 LWD 16×/0.80 W. Cameras: 2× Andor Neo sCMOS. Technical note: The occurrence of subtle stripe patterns arises from column 
gain variability in first-generation sCMOS cameras, such as the Andor Neo cameras used in this recording.





DeltaVision Elite–Live Cell Imaging System

• The DeltaVision Elite is a conventional wide-field fluorescence microscope
that has been optimized for: 1) high-sensitivity imaging in 3D, and 2) long-term 
time-lapse imaging of live cells at 37C and 5% CO2.

• This system is equipped with fluorescence filters for imaging e.g. DAPI, CFP, 
GFP, YFP, RFP, mCherry, and CY5.



Wide-field Microscopy

Sample

Objective lens

Excitation light
Tube lens

Emission light

Problem – fluorescence is emitted along 
entire illuminated cone, not just at focus

Camera



• This Zeiss 780 Upright Confocal is a hybrid conventional laser-scanning confocal and multi-
photon confocal microscope that has been optimized for high-sensitivity multi-color 3D 
imaging in thick specimens (t < 500-1000 mm)

• This system is equipped with conventional lasers (405, 458, 488, 514, 543, 594, and 633 
nm), a tuneable (690-1040 nm) MAI TAI DeepSee laser for multi-photon excitation, and 
detectors for imaging in the visible spectrum (400 < λ < 700 nm) . 

Zeiss 780 Upright Confocal Microscope



The confocal vs Two-photon microscope



Two-photon Microscopy of Neuromuscular Junction Endplates 
Yu Cheung / Richard Webster / Susan Maxwell /Prof. David Beeson

Neurofilament (Green) / Bungarotoxin/AChR (Red) / Second Harmonic Generation (Blue)

Scale Bar = 100 mm



• The Zeiss Cell Observer spinning disc confocal has been optimized for high-speed, 
high-sensitivity, time-lapse CONFOCAL imaging of live cells at 37C and 5% CO2.

• This system is equipped with lasers (405, 458, 488, 514, 561, and 633 nm) , CCD 
cameras, and emission filters for imaging in the visible spectrum (400 < λ < 700 nm) .

Zeiss Cell Observer Spinning Disc Confocal 



Spinning Disk Confocal

Image with many pinholes at once, so fast

Use CCD as detector, so much higher QE



Zeiss Z1 Light Sheet Microscope



Light sheet microscope



Detectors  - PMTs vs CCDs

Laser scanning confocals
Multi-photon confocals

Wide-field microscopes
Spinning-disc confocals
Light sheet microscopes











Two-photon Microscopy is superior for thick specimen

• Less susceptible to loss of signal due to scattering
• Low tissue absorption  at 700-1000 nm











Simultaneous multiview imaging of Drosophila embryonic development (His2Av-GFPS65T transgenic stock). The embryo was recorded at 30-second intervals over a 

period of 17 hours, using an image acquisition period of 15 seconds per time point. The data set consists of 1,066,520 high-resolution images (11 terabytes). The video 

shows separate maximum-intensity projections of the first and second halves of the fused and background-corrected three-dimensional image stacks, providing dorsal 

and ventral views of the developing embryo. To reduce the file size of this video, frames were down-sampled by a factor of 2. Imaging framework: One-photon SiMView. 

Detection objectives: 2× Nikon CFI75 LWD 16×/0.80 W. Cameras: 2× Andor Neo sCMOS. Technical note: The occurrence of subtle stripe patterns arises from column 
gain variability in first-generation sCMOS cameras, such as the Andor Neo cameras used in this recording.





Algorithmic detection of mitotic spindles from SHG images



Other Practical Considerations

• Temperature

• pH (Phenol Red)

• Humidity

•Auto-fluorescence (NADH, FAD, …)

• Photo-toxicity

• Coverslip thickness (# 1 ½)

• Non-invasive labeling



Variable Optimum Range Comments

Temperature 28-37°C

Control with Specimen Chamber 
Heaters

Use Inline Perfusion Heaters
Objective Lens Heaters

Environmental Control Boxes

Oxygenation Variable
Perfuse or Change Media Regularly

Use Large Chamber Volume

Humidity 97-100 Percent

Closed (Sealed) Chamber
Humidified Environmental 

Chamber
Auto-Fill System for Open 

Chambers

pH 7.0-7.7
Use HEPES Buffered Media

Perfuse or Change Media Regularly
No Phenol Red Indicator

Osmolarity 260-320 mosM

Avoid Evaporation
Closed (Sealed) Chamber

Humidified Environmental 
Chamber

Atmosphere
Air or 5-7 Percent

Carbon Dioxide

Use HEPES Buffered Media for Air
Closed (Sealed) Chamber

Atmosphere Controlled Chamber

Media Buffer
Bicarbonate or

Synthetic Biological Buffers

Beware of Phototoxicity
Closed and Open Chambers
Atmosphere Controlled Chamber

Environmental Variables for Mammalian Cell Lines

http://www.microscopyu.com/articles/livecellimaging/livecellmaintenance.html



Temperature and CO2 Contol



Effects of the type of medium and the presence or absence of CO2 on cell proliferation. 

Frigault M M et al. J Cell Sci 2009;122:753-767

©2009 by The Company of Biologists Ltd



Opti-MEM® I Reduced-Serum Medium is an 
improved Minimal Essential Medium (MEM) 
that allows for a reduction of Fetal Bovine 
Serum supplementation by at least 50% with 
no change in cell growth rate or morphology. 
Opti-MEM® I medium is also recommended for 
use with cationic lipid transfection reagents, 
such as Lipofectamine™ reagent. Opti-MEM® I 
medium can be used with a variety of 
suspension and adherent mammalian cells, 
including Sp2, AE-1, CHO, BHK-21, HEK, and 
primary fibroblasts.

Phenol Red free media

http://www.invitrogen.com/site/us/en/home/Products-and-Services/Applications/Cell-Culture/Mammalian-Cell-Culture/fbs.html


Live Cell Imaging Buffer
A recipe for a HEPES buffered imaging medium (Brown et al. 2000 
Traffic 1:124-140) 

Imaging Medium Stock (5x) pH 7.4 
750 mM NaCl 
100 mM HEPES 
5 mM CaCl2 
25 mM KCl 
5 mM MgCl2 

Use at 1x. On day of use add 95 mg glucose and 95 mg albumin to 
50 ml of medium. Warm to 37°C. Keep cells in incubator in their 
usual medium until immediately before imaging. When ready to 
image, remove their usual medium and replace it with imaging 
medium.
Cells can normally be kept on the stage in this medium for 30-60 
min. 



Nunc™ Lab-Tek™ Chambered Coverglass

35mm Glass Bottom Culture Dish



http://www.tsienlab.ucsd.edu/Images.htm

The Fluorescent Protein Palate



EGFP-Fusion proteins

Jarvik JW, Fisher GW, Shi C, Hennen L, Hauser C, Adler S, Berget PB. 

In vivo functional proteomics: Mammalian genome annotation using CD-tagging. 

BioTechniques 2002; 33: 852-866. 


