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Phase-Contrast Microscopes 

Phase-contrast microscopes use refraction and interference caused by structures in a 

specimen to create high-contrast, high-resolution images without staining. It is the oldest and 

simplest type of microscope that creates an image by altering the wavelengths of light rays 

passing through the specimen. To create altered wavelength paths, an annular stop is used in 

the condenser. The annular stop produces a hollow cone of light that is focused on the 

specimen before reaching the objective lens. The objective contains a phase plate containing 

a phase ring. As a result, light traveling directly from the illuminator passes through the phase 

ring while light refracted or reflected by the specimen passes through the plate. This causes 

waves traveling through the ring to be about one-half of a wavelength out of phase with those 

passing through the plate. Because waves have peaks and troughs, they can add together (if in 

phase together) or cancel each other out (if out of phase). When the wavelengths are out of 

phase, wave troughs will cancel out wave peaks, which is called destructive interference. 

Structures that refract light then appear dark against a bright background of only unrefracted 

light. More generally, structures that differ in features such as refractive index will differ in 

levels of darkness (Figure 2.16). 

 
Figure 2.16 This diagram of a phase-contrast microscope illustrates phase differences 

between light passing through the object and background. These differences are produced by 
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passing the rays through different parts of a phase plate. The light rays are superimposed in 

the image plane, producing contrast due to their interference. 

Because it increases contrast without requiring stains, phase-contrast microscopy is often 

used to observe live specimens. Certain structures, such as organelles in eukaryotic cells 

and endospores in prokaryotic cells, are especially well visualized with phase-contrast 

microscopy (Figure 2.17). 

 
Figure 2.17 This figure compares a brightfield image (left) with a phase-contrast image 

(right) of the same unstained simple squamous epithelial cells. The cells are in the center and 

bottom right of each photograph (the irregular item above the cells is acellular debris). Notice 

that the unstained cells in the brightfield image are almost invisible against the background, 

whereas the cells in the phase-contrast image appear to glow against the background, 

revealing far more detail. 

Differential Interference Contrast Microscopes 

Differential interference contrast (DIC) microscopes (also known as Nomarski optics) are 

similar to phase-contrast microscopes in that they use interference patterns to enhance 

contrast between different features of a specimen. In a DIC microscope, two beams of light 

are created in which the direction of wave movement (polarization) differs. Once the beams 

pass through either the specimen or specimen-free space, they are recombined and effects of 

the specimens cause differences in the interference patterns generated by the combining of 

the beams. This results in high-contrast images of living organisms with a three-dimensional 

appearance. These microscopes are especially useful in distinguishing structures within live, 

unstained specimens. (Figure 2.18) 
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Figure 2.18 A DIC image of Fonsecaea pedrosoi grown on modified Leonian’s agar. This 

fungus causes chromoblastomycosis, a chronic skin infection common in tropical and 

subtropical climates. 

CHECK YOUR UNDERSTANDING 

 What are some advantages of phase-contrast and DIC microscopy? 

Fluorescence Microscopes 

A fluorescence microscope uses fluorescent chromophores called fluorochromes, which are 

capable of absorbing energy from a light source and then emitting this energy as visible light. 

Fluorochromes include naturally fluorescent substances (such as chlorophylls) as well as 

fluorescent stains that are added to the specimen to create contrast. Dyes such as Texas red 

and FITC are examples of fluorochromes. Other examples include the nucleic acid dyes 

4’,6’-diamidino-2-phenylindole (DAPI) and acridine orange. 

The microscope transmits an excitation light, generally a form of EMR with a short 

wavelength, such as ultraviolet or blue light, toward the specimen; the chromophores absorb 

the excitation light and emit visible light with longer wavelengths. The excitation light is then 

filtered out (in part because ultraviolet light is harmful to the eyes) so that only visible light 

passes through the ocular lens. This produces an image of the specimen in bright colors 

against a dark background. 

Fluorescence microscopes are especially useful in clinical microbiology. They can be used to 

identify pathogens, to find particular species within an environment, or to find the locations 

of particular molecules and structures within a cell. Approaches have also been developed to 

distinguish living from dead cells using fluorescence microscopy based upon whether they 
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take up particular fluorochromes. Sometimes, multiple fluorochromes are used on the same 

specimen to show different structures or features. 

One of the most important applications of fluorescence microscopy is a technique 

called immunofluorescence, which is used to identify certain disease-causing microbes by 

observing whether antibodies bind to them. (Antibodies are protein molecules produced by 

the immune system that attach to specific pathogens to kill or inhibit them.) There are two 

approaches to this technique: direct immunofluorescence assay (DFA) and indirect 

immunofluorescence assay (IFA). In DFA, specific antibodies (e.g., those that the target the 

rabies virus) are stained with a fluorochrome. If the specimen contains the targeted pathogen, 

one can observe the antibodies binding to the pathogen under the fluorescent microscope. 

This is called a primary antibody stain because the stained antibodies attach directly to the 

pathogen. 

In IFA, secondary antibodies are stained with a fluorochrome rather than primary antibodies. 

Secondary antibodies do not attach directly to the pathogen, but they do bind to primary 

antibodies. When the unstained primary antibodies bind to the pathogen, the fluorescent 

secondary antibodies can be observed binding to the primary antibodies. Thus, the secondary 

antibodies are attached indirectly to the pathogen. Since multiple secondary antibodies can 

often attach to a primary antibody, IFA increases the number of fluorescent antibodies 

attached to the specimen, making it easier visualize features in the specimen (Figure 2.19). 

 
Figure 2.19 (a) A direct immunofluorescent stain is used to visualize Neisseria gonorrhoeae, 

the bacterium that causes gonorrhea. (b) An indirect immunofluorescent stain is used to 
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visualize larvae of Schistosoma mansoni, a parasitic worm that causes schistosomiasis, an 

intestinal disease common in the tropics. (c) In direct immunofluorescence, the stain is 

absorbed by a primary antibody, which binds to the antigen. In indirect immunofluorescence, 

the stain is absorbed by a secondary antibody, which binds to a primary antibody, which, in 

turn, binds to the antigen. (credit a: modification of work by Centers for Disease Control and 

Prevention; credit b: modification of work by Centers for Disease Control and Prevention) 

CHECK YOUR UNDERSTANDING 

 Why must fluorochromes be used to examine a specimen under a fluorescence 

microscope? 

Confocal Microscopes 

Whereas other forms of light microscopy create an image that is maximally focused 
at a single distance from the observer (the depth, or z-plane), a confocal 
microscope uses a laser to scan multiple z-planes successively. This produces 
numerous two-dimensional, high-resolution images at various depths, which can be 
constructed into a three-dimensional image by a computer. As with fluorescence 
microscopes, fluorescent stains are generally used to increase contrast and 
resolution. Image clarity is further enhanced by a narrow aperture that eliminates any 
light that is not from the z-plane. Confocal microscopes are thus very useful for 
examining thick specimens such as biofilms, which can be examined alive and 
unfixed (Figure 2.20). 

 
Figure 2.20 Confocal microscopy can be used to visualize structures such as this 
roof-dwelling cyanobacterium biofilm. (credit: modification of work by American 
Society for Microbiology) 
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