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Learn more about our MuviCyte live-cell imaging system at  
www.perkinelmer.com/MuviCyte

Today’s labs are focusing more and more on cellular research, turning to live-cell imaging 
to help reveal a fuller picture of cell behavior, function, and responses to treatments. Our 
MuviCyte™ live-cell imaging system helps you glean the most relevant cellular data, working 
inside your incubator to maintain cells under optimal conditions for weeks at a time. And 
with great movie-making software, you’ll never miss a moment of your cells’ responses.

NEVER MISS A MOMENT
WITH LIVE-CELL IMAGING



TheScientist 2020 perkinelmer.com3

LIVE-CELL IMAGING

Early Attempts  
to Document a 
Moving Target

Much like early cinematography, live-cell imaging 
began with the biological equivalent of stop motion 
photography: histology. Fixing cells freed researchers 

from the constraint of visualizing samples immediately after 
collection, allowing them to re-examine a sample, particularly 
in the context of other samples taken at various timepoints. By 
essentially freezing tissues in time, researchers looked deeper 
at previously imperceptible details and changes in cellular 
tissue and structure. However, many scientists argued that this 
technology was akin to visualizing an autopsy and could not 
recapitulate real-life functional biological processes.1

Cells on Film

This changed in 1907 when Swiss researcher Julius Ries, at 
the Marey Institute in Paris pioneered the first time-lapse 
biological film of sea urchin fertilization and embryonic 
development. He thought that his medical students would never 
believe that cells came from other cells and that an animal was 
comprised of nothing but cells if they could not see the process 
themselves. Filming embryonic development made observing 
the process practical. Many medical students did not have 
access to the marine laboratories, and the process took 14 hours 
to occur.2 In a two-minute film, Reis captured and demonstrated 
a biological process that was, until then, only theoretical to his 
students. This epitomized the tenets of live-cell imaging: first, 
to capture elusive biological processes, and second, to make 
visualizing these processes feasible. 

Reis published his time-lapse film,2 and by 1914, the first 
microcinematography apparatus built for biology became 
available in Europe.1 Microcinematography, in either film or 
video form, coupled with phase-contrast microscopy in the 
1930s, allowed researchers to visualize inside the cell, including 
glimpsing intracellular organelles. This discovery invigorated 
the field with its possibilities as more scientists began to use 
time-lapse microcinematography to observe cellular events. 
However, some scientists remained critical of the technology. 
In the 1940s, Nobel laureate Peter Medawar scolded film-
making cell biologists for being, “delighted, distracted, and 

beguiled by the sheer beauty,” of cells on film. He argued 
that this bewitched scientists into missing the opportunity to 
use the technology to “solve biological problems.”3

Modern Advantages

Live-cell imaging has evolved from simply allowing scientists 
to better observe changes in cell structure to capturing subtle 
changes in cellular processes. In contradiction to Medawar’s 
prediction, it enables scientists to solve complex biological 
problems. When scientists pair microscopy with fluorescent 
probes and antibodies, they can track the movement of multiple 
proteins and capture rare and rapid cellular events, such as 
cell signaling. Live-cell imaging also aids drug discovery, 
screening, and development by allowing researchers to analyze 
the functional effect of a drug on the activity and health of live 
cells. While early attempts at live-cell imaging were limited 
to observing a handful of specimens, current automated live-
cell imaging technology facilitates high-throughput analysis 
of multiple samples with the statistical robustness necessary to 
facilitate quantitative analysis of cellular activity in real-time.  
 
           See references on page 7.
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LIVE-CELL IMAGING

Although the value of live-cell imaging is widely recognized 
and more advanced microscopy-based technologies are 
available, maintaining a healthy cellular environment 

during live-cell imaging remains a significant challenge. Imaging 
inevitably damages biological samples,1 which can limit live-cell 
imaging and produce inaccurate results. It is therefore important 
for researchers to optimize cell health as much as possible prior 
to and during image capture.

Maintaining an Optimal Environment  

Different cell types require different, specially formulated media 
to optimize cell growth. Culture media provide not only a source 
of nutrients, but also the cell environment,1 including oxygen 
concentration, pH, buffering capacity, osmolarity, viscosity, 
and surface tension. In particular, culture media can be CO2 
dependent or independent, with dependent cultures requiring 
growth in an incubator with typically 5% CO2.

2 Visualizing cells 
outside of this optimized CO2 environment may affect cellular 
activity. To alleviate this, some researchers temporarily change 
to CO2-independent culture media to visualize their samples. 
However, this causes significant cell cycle delays as the cells 
adapt to the change in environment.3 Some new live-cell imaging 
technologies come equipped with built-in CO2 incubators to 
circumvent this challenge. 

Another common practice is to visualize cells at room temperature 
for short live-cell imaging experiments. This subtle change in 
temperature may affect cell health and experimental accuracy. 
Many live-cell imaging apparatuses come equipped with 
temperature control sources. However, the microscope stage, 
frame, and objectives can all act as heat sinks during visualization, 
which may cause subtle fluctuations in temperature.2 More 
recent live-cell imaging technologies place the live-cell imaging 
apparatus inside the incubator,4 which helps to maintain optimal 
temperature and CO2 and mitigates any changes in location or 
environment that may subtly affect cell activity, providing the 
most biologically consistent results. 

Consider Experimental Objectives

The type of chamber used to visualize cells affects cell health and 
image accuracy. Typically, for long term live-cell visualization, 
researchers use two types of chambers: open chambers that expose 

the sample to air, or closed chambers that protect the sample from 
evaporation.2 New live-cell imaging apparatuses provide an open 
design, which allows users to choose the option that works best 
for their experimental needs. For example, an open chamber 
might facilitate visualizing microfluidic platforms. 

Choosing the most appropriate live-cell imaging approach is vital 
to meeting experimental objectives. Brightfield microscopy 
in combination with differential interference contrast (DIC) 
microscopy or phase-contrast microscopy can provide valuable 
information about cell morphology and viability. However, many  
researchers are interested in seeing fluorescently tagged proteins  
of interest within cells. As such, widefield fluorescent microscopy 
or confocal-based microscopy are the most frequently used 
approaches for live-cell imaging.1 These imaging approaches excite 
fluorescent molecules, which allow for visualization. However, 
excited fluorescent molecules can react with oxygen to produce 
free radicals that may damage subcellular components, resulting 
in reduced cell health and viability.2 Confocal technology produces 
a more concentrated beam of light, which improves resolution, 
but may damage cells more quickly. Widefield fluorescent 
microscopy can be used for longer periods of time but cannot 
provide the spatial and temporal resolution of confocal technology.5 

Many researchers are interested in observing subtle cellular 
changes in response to various compounds or drugs. High-
content assays allow researchers to observe discrete changes in 
cell morphology or protein secretions in hundreds of samples 
at a time. This large-scale screening accompanied by high 
throughput automated image analysis, gives researchers an 
unparalleled and efficient look at cellular processes that would 
otherwise go unnoticed or be too labor-intensive to capture 
one sample at a time. Live-cell assays can be performed on 
advanced high-content screening systems, with environmental 
control capability to keep cells healthy. As well as involving long-
term observation, some live-cell assay applications detect cell 
responses that occur within milliseconds to seconds – notably 
calcium flux assays – and in these cases, the imaging system 
must be equipped with a fast imaging frame rate, together with 
dispense and read capability. With the many microscope and 
imaging systems that are available, it is important for researchers 
to choose the best approach for optimizing cell viability, while 
achieving their experimental objectives.      
             See references on page 7.

Key Challenges in 
Live-Cell Imaging 



High-content 
Screening Systems

Use for detailed, automated multi-parametric 
quantification at the single-cell level at 
high-throughput or for fast response live-cell 
assays, such as calcium flux. 

Disadvantages: 
•   Made for microplates, less flexible 

for other sample carriers 

•   Long-term live-cell imaging blocks 
the instrument from running other 
high-throughput screens

Media

  Grow cells in cell-type specific media

   Choose media without phenol red to 
reduce autofluorescence

   Maintain the same media throughout 
growth and imaging

   For long live-cell imaging outside an 
incubator, choose CO2 independent  
media or HEPES

Imaging Chamber

   Open chambers are prone to evaporation 
and temperature instability

   Open chambers are best used  
for microfluidics experiments

   Closed chambers avoid  
evaporation, making them  
suitable for longer experiments

Imaging 
System

Cell Health

Spinning Disk Confocal

Use for increased spatial and temporal 
resolution of fluorescently labeled  
cells, proteins, and molecules. 

Disadvantage: 
•   Increased risk for phototoxicity  

due to laser intensity

Widefield Systems

Use with brightfield, phase-contrast, or DIC to visualize 
broad cell movement or organelles not stained with 
fluorophores. Use fluorescence when observing or 
tracking fluorescently labeled cells, proteins, and 
molecules. Some widefield systems can operate inside 
culture incubators for optimized cell health and stability.

Disadvantages: 
•  Lower resolution
•   Increased background fluorescence  

can mask target signals

Temperature

   Perform only short live-cell imaging  
at room temperature

   Maintain a constant temperature  
for long live-cell imaging

   Choose a system that works inside  
the incubator or a system with a  
built-in temperature modulation

Choose a live- 
cell visualization 

system that optimizes 
cell health and  

achieves your specific 
experimental  

goals.

Getting the Best Picture 
A GUIDE FOR RESEARCHERS
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LIVE-CELL IMAGING

Live-cell imaging allows researchers to observe subtle 
changes in dynamic cellular processes in real-time. 
Rather than using one sample prepared for every 

time point in a given experiment, researchers can observe 
changes in the same sample over time. This saves valuable 
samples, prep-time, and reagents, and circumvents potential 
experimental variation associated with analyzing multiple 
samples. Today, researchers use live-cell imaging to investigate 
a number of cellular events, such as proliferation, migration, 
movement, signaling, apoptosis, cytotoxicity, and changes in 
cell morphology.

Assays 

Live-cell imaging has transformed the field of drug discovery. 
Using live-cell imaging, researchers can monitor cellular 
responses to a treatment and potential drug toxicity over 
a prolonged period of time. For example, the technique is 
useful for screening and identifying candidate antigens for 
chimeric antigen receptor (CAR) T-cell therapy. Likewise, 
the efficacy of candidate CAR T-cells can be evaluated using 
live-cell imaging with immune-cell killing assays. High 
content analysis of T-cell mediated killing of cancer cells led 
to the identification, clinical testing, and in some cases, formal 
approval of several immunotherapies.1,2

Researchers can use live-cell imaging to observe changes in 
cell migration associated with wound healing in a scratch 
wound assay and observe the effect of various drugs on the 
timing of wound closure.3 Researchers can also enhance cell 
migration studies by using single-cell tracking. By using digital 
phase-contrast imaging generated by gentle excitation with red 
LEDs researchers can optimize cell viability and observation 
time by minimizing phototoxicity. This, combined with new 
live-cell imaging software, allows researchers to track individual 
cells to determine their speed and distance travelled. 

Advances

In general, single-cell tracking software for live-cell imaging 
enables researchers to follow a single cell over time, through 
cell division, to observe dynamic changes in cellular activity. 

This provides a more robust readout of cellular behavior 
than could be achieved by observing the entire population.1 
Another recent advance in live-cell imaging is the development 
of faster imaging frame rates, which facilitates studies of 
calcium signaling or cardiomyocyte contraction where the 
response occurs quickly. In these cases, a fast platform that 
simultaneously dispenses the stimulus and captures cell 
signaling or contractile responses is essential. 

Researchers are also developing newer fluorophores, probes, 
and technologies that mitigate the risk of phototoxicity. For 
example, scientists have developed new proteins that can be 
reversibly switched between bright and dim fluorescent states.4 
Other scientists have developed new methods of deep learning 
to predict fluorescent labels from unlabeled brightfield, phase-
contrast, or DIC images. With this new in silico labeling, 
researchers can predict cell viability and can distinguish one 
cell type from another in culture.5 

Even quantum physicists are joining in the effort by developing 
multi-photon microscopy and other more advanced imaging 
systems to reduce photodamage and maximize the possibilities 
of live-cell imaging.6,7 Researchers are also developing newer 
live-cell imaging software that can better interrogate and 
quantify label-free images. Such technology would be 
particularly helpful for visualizing neurons, primary cells, and 
stem cells, which are more sensitive to invasive labeling and 
genetic modifications.   
           See references on page 7.

Advances in Live  
Cell Imaging 
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Today’s labs are moving beyond traditional, target-based 
screening and embracing phenotypic screening approaches. 
The Opera Phenix® Plus high-content screening system 
provides simultaneous multicolor confocal images and, 
since spectral crosstalk is reduced to a minimum, it delivers 
speed without compromising sensitivity. Plus, the liquid 
handling option and fast imaging frame rate let you tackle 
fast-response assays in live cells with ease.

For more information, visit www.perkinelmer.com/OperaPhenixPlus

Opera Phenix® Plus High-Content Screening System 
with Liquid Handling Option
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