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A Brief History of Fluorescence Illuminating LifeIlluminating Life

A 175-year journey of discovery fashioned fluorescence microscopy into a 
fundamental technique for life science research. Fluorescent and phosphorescent 
labels in the form of protein tags and dyes enable researchers to visualize almost 
any cellular process. Many fluorescent probes came to fruition after the discovery 
and cloning of green fluorescent protein. Several contain unique properties that 
allow them to be turned “on” or “off,” change their spectral properties at specific 
wavelengths of light, and even change color over time.

The 1800s:

The early 1900s: An Amalgamation of Minds

Discovery of a Celestial Light

A New Era: Fluorescent Stains, Probes, and Proteins

When Sir John Frederick William Herschel, 
founding member of the Royal Astronomical 
Society, first reported in 1845 that UV light passing 
through a glass of quinine solution resulted in a 
mysterious blue light, he likely never imaged that 
this observation would lead to imaging live cells. 
Herschel had discovered fluorescence. Its uses 
would not become apparent until decades later.

Fluorescent proteins (FP) from the GFP family have become essential in the 
biosciences as markers for imaging live cells, tissues, and organisms. Many 
fluorescent proteins have been isolated from natural sources and engineered 
to optimize their properties as fluorescent markers. However, traditional FPs, 
which are always turned “on,” can only tell a small part of the story when it 
comes to living organisms. Fluorescent probes that can be modified and 
activated at different times for different purposes are now available for 
illuminating proteins at all stages of a cell’s life cycle.

Photoactivatable FPs 
Fluorescence emission can be uniquely controlled 
by light irradiation at specific wavelengths. 
Photoactivatable FPs enable specific probing, 
especially in live-cell pulse-chase experiments. 
They are also essential markers for live-cell 
optical imaging with super-resolution.

Photoconvertible FPs  
These fluoresce irreversibly in response to a 
photo-induced chemical reaction that either 
turns on their emission or changes their 
emission wavelength. Photoconvertible FPs are 
excellent markers for localization-based super-
resolution microscopy experiments.

Photoswitchable FPs  
These can toggle more than once between a 
fluorescent and a non-fluorescent state, making 
them suitable for patterned illumination microscopy.

Fluorescent Timers 
These change emission wavelengths 
over time, which is useful for watching 
the behavior of proteins in living cells with 
spatial resolution. The first fluorescent 
timer was a DsRed mutant, FT, which was 
described by Sergey A. Lukyanov’s team at 
the Russian Academy of Science in 2000; it 
changes from red to green over 18 hours.
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Fluorescence occurs when some atoms 
and molecules absorb light at a particular 
wavelength and subsequently emit light of 
a longer wavelength. It was first described 
by Sir George G. Stokes of Cambridge 
University in 1852. Stokes coined the term 
“fluorescence.” Richard Meyer, a German 
chemist, later used the term “fluorophore” in 
1897 to describe a chemical group associated 
with fluorescence.

• In 1903, Henry Friedrich Wilhem Siedentopf at Carl Zeiss, collaborated with 
Richard Adolf Zsigmondy at the Schott Glass company in Jena, Germany, to invent 
a slit ultramicroscope for observing colloids. Rather than illuminating samples 
from below like traditional microscopes, light came in at right angles, and a pair of 
fine slits brought collimated beams of light onto the sample to form a lightsheet. 
Modern microscopes follow the model of this early microscope and Siedentopf 
and Zsigmondy’s “illumination with a light sheet.” 

• At the same time, August Köhler in the Jena Zeiss laboratory investigated Köhler 
illumination. In 1904, Köhler constructed the first ultraviolet absorption microscope 
after finding that his samples fluoresced under ultraviolet illumination. At the time, 
he considered this an annoyance, but other scientists saw potential in the effect.

• In 1903, Robert W. Woods at Johns Hopkins University invented a reliable light 
source that was suitable for fluorescence microscopy. 

• Heinrich Lehmann of the Carl Zeiss factory in Jena then used a modified 
version of Woods' light source to produce a prototype bright-field fluorescence 
microscope—the first true fluorescence microscope. 

• Concurrently, Oskar Heimstädt at Carl Reichert Optische Werke AG in Vienna 
developed a fluorescence microscope with a dark-field quartz condenser. By 1913, 
the Zeiss firm and the Reichert firm produced their fluorescence microscopes 
commercially, bringing fluorescence microscopy into the mainstream.

• Although samples that naturally fluoresced when irradiated with ultraviolet light 
spurred the development of fluorescence microscopy, fluorochromes were not 
used to stain tissues and pathogens in biological investigations until the 1930s. 

• Philipp Ellinger, a pharmacology professor at Heidelberg University and the Lister 
Institute, and August Hirt, an anatomist at Heidelberg University, invented the 
intravital fluorescence microscope using incident instead of transmitted light. This 
became the first prototype for the epifluorescence microscope. They treated living 
organisms with fluorescent substances for the first time, effectively placing the 
source of light within the specimen itself. 

• Epifluorescence microscopes are a central tool in biology labs today, aided 
by immunofluorescent probes introduced by Albert Coons, professor in the 
Department of Bacteriology and Immunology at Harvard Medical School, in the 
1940s. 

• In the 1960s, while working at Princeton University, Osamu Shimomura discovered 
green fluorescent protein (GFP) from the jellyfish Aequorea victoria. Thirty years 
later GFP was cloned by Douglas Prasher from Woods Hole Oceanographic 
Institute. Roger Tsien from the University of California, San Diego, then genetically 
engineered GFP by modifying the amino acid residues surrounding the 
chromophore, producing many different fluorescent proteins that emit various 
colors, from blue to red. Virtually any protein can now be tagged with a fluorescent 
probe, enabling biologists to see the intricacies of living systems in great detail.

Though perfectly transparent and colorless when 
held between the eye and the light, or a white 
object, it yet exhibits in certain aspects, and under 
certain incidences of the light, an extremely vivid 
and beautiful celestial blue color... 
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A Glowing, Growing Toolkit:
Fluorescent Proteins for Live-Cell Imaging
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