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P R AC T I C A L  A P P L I C AT I O N S

Fluorescence-based contrast reagents have advanced discoveries not 

only in cell biology, but also in microbiology. Recently, identifying, 

highlighting, and differentiating the components of microbial commu-

nities known as “biofilms” have become important in areas as diverse 

as food safety, chronic wound healing, personal health products, anti-

microbial product efficacy testing, and bioremediation.

What are biofilms?
Biofilms are complex, adherent microecosystems that potentially 

contain many types of organisms, architectural features, and structural 

building blocks. Direct visualization of biofilms via fluorescence micros-

copy has demonstrated the presence of two dominant constituents: 

cell bodies, consisting of organisms in different physiological and nutri-

ent states, and the extracellular polymeric substance (EPS), the glue 

The envelope, please: Best picture for biofilms
ADVANCING BIOLOGY THROUGH DIRECT FLUORESCENCE VISUALIZATION.

that holds the microbial community together and acts as a barrier to 

chemicals and anti-microbial agents 1 and inhibits immune responses.2 

Fluorescence visualization tools such as LIVE/DEAD® BacLight™ bacte-

rial viability stains, acridine orange, DAPI, FUN® 1, and calcofluor white 

have allowed researchers to observe biofilms in association with 

antibiotic treatment evaluations,1 oral hygiene product efficacy,3 and 

contact lens care solution examination,4 but until recently, the choice 

of effective staining reagents has been limited.

A new line of biofilm staining reagents
Molecular Probes, the leading brand in fluorescence microbial visualiza-

tion reagents, has introduced a line of fluorescent reagents specifically 

identified for biofilm staining. These new tools enable the observation 

of cells in the context of their EPS, giving researchers the potential to 

uncover new details about biofilms. A better understanding of biofilms 

will lead to a better understanding of how to monitor and control 

microbes in their communities.

FilmTracer™ FM® 1-43 green biofilm cell stain
The FilmTracer™ FM® 1-43 green biofilm cell stain (Cat. no. F10317) labels 

Pseudomonas aeruginosa, Staphylococcus epidermidis, and Escherichia 

coli cells within a single-species biofilm. The FM® 1-43 dye is a lipophilic 

compound that labels cell membranes with exceptional cell specificity 

(Figure 1).

FilmTracer™ calcein products
FilmTracer™ calcein products stain P. aeruginosa and S. epidermidis cells 

within a single-species biofilm. FilmTracer™ calcein biofilm stains may 

work better in gram-positive than gram-negative bacteria; these stains 

did not work reliably with E. coli, perhaps due to differences in the cell 

Figure 1. FilmTracer™ FM® 1-43 green biofilm cell stain applied to a Pseu-
domonas aeruginosa biofilm. FilmTracer™ FM® 1-43 appears to bind to 
the cell membrane, and works equally well on P. aeruginosa, S. epidermidis, 
and E. coli, exhibiting exceptional cell specificity in each case. Image was 
obtained using a Leica TCS-SP2 AOBS confocal microscope with a 63×/0.9 
NA water immersion objective. Image contributed by Betsey Pitts and 
Ellen Swogger, Center for Biofilm Engineering, Montana State University.
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Figure 2. FilmTracer™ calcein biofilm stains applied to Staphy-
lococcus epidermidis biofilms. The esterase substrates calcein 
red-orange AM (A) and calcein violet AM (B) appear to stain all of 
the bacteria in the biofilms, suggesting that the bacteria are all 
actively producing esterase. The images were obtained using a 
Leica TCS-SP2 AOBS confocal microscope with a 63×/0.9 NA water 
immersion objective. Images contributed by Betsey Pitts, Center 
for Biofilm Engineering, Montana State University.

Product Quantity Cat. no.

FilmTracer™ FM® 1-43 green biofilm cell stain 1 mg F10317

FilmTracer™ calcein green biofilm stain 20 x 50 µg F10322

FilmTracer™ calcein violet biofilm stain 20 x 25 µg F10320

FilmTracer™ calcein red-orange biofilm stain 20 x 50 µg F10319

FilmTracer™ SYPRO® Ruby biofilm matrix stain 200 mL F10318

FilmTracer™ LIVE/DEAD® Biofilm Viability Kit 1 kit L10316

membranes. These dyes are acetoxymethyl ester derivatives of calcein-

based molecules that are, with the exception of calcein red-orange 

AM, nonfluorescent until cleaved by nonspecific esterases, thereby 

producing a fluorescence signal. The staining pattern of the biofilm 

appears as a fluffy cloud with some cell specificity (Figure 2A and 2B).

FilmTracer™ SYPRO® Ruby stain
The FilmTracer™ SYPRO® Ruby biofilm matrix stain (Cat. no. F10318) 

stains the matrix of P. aeruginosa. The SYPRO® Ruby Stain is classically 

used as a protein gel stain and may stain protein components of 

certain biofilm matrices.

FilmTracer™ LIVE/DEAD® Biofilm Viability Kit
The FilmTracer™ LIVE/DEAD® Biofilm Viability Kit (Cat. no. L10316) dif-

ferentially stains live and dead cells in biofilms, based on membrane 

integrity. Live bacteria exhibit green fluorescence and dead bacteria 

exhibit red fluorescence, even when the population contains a mix-

ture of bacterial species (Figure 3). This kit is the same as the classic 

LIVE/DEAD® Baclight™ Kit (Cat. no. L7012), but with a protocol specific 

for biofilm staining.

Get the best picture with our new, wider range of biofilm staining 

reagents. Learn more at www.invitrogen.com/bp59. ■
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Figure 3. Stains from the FilmTracer™ LIVE/DEAD® Biofilm Viability Kit 
applied to a Staphylococcus epidermidis biofilm. The green cells and 
clusters indicate bacterial cells with intact membranes (live). The red 
cells indicate bacterial cells with damaged membranes (dead). Image 
contributed by Betsey Pitts, Center for Biofilm Engineering, Montana 
State University.
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