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ABSTRACT
Here we describe the application of the luminescent BacTiter-Glo™ Microbial Cell Viability Assay to assess cell viability in several species
of algae, determine viability of fungal spores and screen for inhibitors of fungal sporulation.
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Introduction
Biological assays involving germination or growth are often used to determine viability of fungal spores(1) . However many
fungal spores, such as those from soil-inhabiting basdiomycetes, are difficult to germinate in the laboratory, and some fungal
species require months to germinate(1) (2) . Other fungal viability assays involve the use of colorimetric assays such as MTT/
XTT assays (3) (4) or fluorescent stains(5) (6) . Many fluorescent stains are subject to fluorescence interference from test
compounds and may not be ideal for screening situations(7) . These factors make activities like screening for sporicides almost
impossible. A rapid viability test that works well with fungal spores would be useful for screening for chemicals that inhibit
sporulation.
Determining algal viability can be extremely difficult as well, often requiring labor-intensive and expensive spectroscopy
methods or methods such as measuring photosynthetic oxygen that are not well-suited to high-throughput screening (8) (9) (10)
(11)

. Fluorescent stains have been widely applied in studies of algal viability, but these studies are subject to interference from

green autofluorescence that occurs in many species(9) . As production of certain crops that require aquaculture (e.g., rice)
becomes more prevalent, understanding the effect of herbicides used in those agricultural practices on the normal algal flora
becomes important(10) . Also, finding effective agents for controlling growth of harmful algal blooms requires being able to
rapidly assess algal viability in a screening setting within the laboratory. Some studies have had success with MTS-based
assays(12) ; however, a truly homogeneous assay that can be performed on organisms grown in culture in conjunction with
screening assays would be a powerful tool.
In this report we demonstrate the use of the luminescent BacTiter-Glo™ Microbial Cell Viability Assay for screening of fungal
sporicidal compounds and show that it can be used to assess viability of yeast and algae.
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Assay Background
The BacTiter-Glo™ Microbial Cell Viability Assay provides a method for determining the number of viable bacterial cells in
culture by measuring the amount of ATP(13) . The “add-mix-measure” format of the assay allows users to simply add a
reagent, mix and then measure the luminescent output of the assay. The reagent supports cell lysis and generation of a
luminescent signal that is proportional to the amount of ATP present, which is directly proportional to the number of cells in
culture(13) .
The assay uses a proprietary reagent formulation containing a highly stabilized luciferase, Ultra-Glo™ Recombinant Luciferase
and detergent, to extract ATP from bacterial cells and support a stable “glow-type” luminescent signal. Because the reagent is
physically robust and the luminescent output is sensitive and stable the BacTiter-Glo™ Assay is well suited for screening
applications that may require the processing of many multiwell plates.
To perform the assay, lyophilized BacTiter-Glo™ Substrate is reconstituted using the BacTiter-Glo™ Buffer and equilibrated to
room temperature for 15 minutes. An equal volume of reagent is added to the microbial cell culture, mixed and incubated for 5
minutes. The emitted luminescence is detected using a luminometer.
The BacTiter-Glo™ Assay has been used successfully with Gram+ and Gram– bacteria and two species of yeast(13) and to
screen a panel from the Library of Pharmacological Active Compounds (LOPAC) from Sigma for antimicrobial activity against
Staphylococcus aureus (13) . The assay has been used to study bacterial attachment in biofilm formation(14) , to screen for
inhibitors of Pseudomonas biofilm formation(15) , and for the rapid counting of mycobacterium complex (MAC) organisms(16) .
In this report, we demonstrate effectiveness of the BacTiter-Glo™ Assay in detecting microbial number of yeast, algae and
fungi, and we use it in a test screen for sporocidal compounds against Mucor piriformis, a plant pathogen that causes rot of
certain fruits such as apple and pear after harvest.

Determining Growth of R. rubra using the BacTiter-Glo™ Assay
First we sought to demonstrate the utility of the BacTiter-Glo™ Assay to measure growth of the yeast Rhodotorula rubra strain
IMI35841. Yeast cultures were grown overnight and serial dilutions were prepared. The BacTiter-Glo™ Reagent was prepared
and assay performed as described in BacTiter-Glo™ Microbial Cell Viability Assay Technical Bulletin TB337. Figure 1 shows
that the luminescent signal produced by the BacTiter-Glo™ Assay decreases upon dilution of R. rubra cells.
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Figure 1. Luminescence as measured using the BacTiter-Glo™ Assay decreases with cell number for R. rubra cultures.
Rhodotorula rubra strain IMI35841 cultures were grown overnight at 37°C in Potato Dextrose Broth (PDB; 12 g/L) to a cell
density of 1 × 108 cells/ml. A dilution series of 6 tenfold dilutions of the culture was prepared in PDB, and from each dilution 100µl
was transferred to a white plate and mixed with 100µl BTG reagent (prepared and applied as described in Technical Bulletin
TB337). Luminescence (RLU) was measured at 2, 15, 30 and 60 minutes using a GloMax® Multi Detection System (Cat.#
E7031). A 50% dilution of PDB was included for background correction.

Next we wanted to determine if the BacTiter-Glo™ Assay could detect toxicity resulting from fungicide treatment of R. rubra
cells. Cells were grown overnight as described for Figure 2 and a series of dilutions were made. Diluted cells were treated with
the fungicide for 5, 30 or 180 minutes. Data indicate that the BacTiter-Glo™ Assay is suitable for detecting growth inhibition
resulting from fungicidal compounds (Figure 2).
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Figure 2. Detection of fungicidal activity of compound using BacTiter-Glo™ Assay. Rhodotorula rubra strain IMI35841
cultures were grown overnight at 37°C in Potato Dextrose Broth (PDB; 12 g/L) to a cell density of 1 × 108 cells/ml. A series of 6
tenfold dilutions of the culture was prepared in PDB. Diluted cells were treated with fungicide for 5 minutes, 30 minutes or 3 hours.
From each dilution 100µl was transferred to a white plate and mixed with 100µl BTG reagent (prepared and applied as described
in Technical Bulletin TB337). Results are subtracted for any background signal contributed by medium.

Using the BacTiter-Glo™ Assay to Detect Viability of Fungal Spores and Screen for Inhibitors of Sporulation
Because germination and growth assays are not particularly amenable to HTS screening activities, a rapid viability assay that
could be used to screen for agents that inhibit sporulation would be particularly useful. We used the BacTiter-Glo™ Assay to
detect the viability of spores of three fungal species: Botrytis cinerea, Aspergillus niger and Mucor piriformis. A clear
relationship was observed between the luminescent output of the assay and the dilution of the spores (Figure 3). Similar
results were obtained using spores of from several Penicillium species as well (data not shown). Experiments to determine
viability of cells from fungal mycelia using the BacTiter-Glo™ Assay are ongoing.
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Figure 3. Luminescent output from the BacTiter-Glo™ Assay correlates with dilution of fungal spores. Spores were
collected from fungal mycelium grown on potato dextrose agar plates at appropriate conditions and counted using a Fuchs
Rosenthal device. For all three species serial 10-fold dilutions in PDB were performed beginning with a concentration of 2 × 10 7
spores/ml. One hundred microliters of each of dilution was mixed with 100µl BacTiter-Glo™ reagent, and luminescence (RLU)
was measured using a GloMax® Multi Detection System (Cat.# E7031). All values are subtracted for background using a 50%
dilution of PDB. Panel A. B. cinerea spore viability. Panel B. A. niger spore viability. Panel C. M. piriformis spore viability.

We next performed a screen of twenty compounds using M. piriformis spores as the test cells to determine if the BacTiterGlo™ Assay could be used for screening potential compounds for sporicidal activity and to determine if the assay could
distinguish a weak sporicidal agent from a strong one. Spores were collected and treated with compounds for 5, 30 or 180
minutes. While luciferase inhibition by the compounds cannot be excluded in the primary screen results for compounds 13, 15
and 20, when spores treated with these compounds were checked microscopically for growth at 24 hours, no germination was
observed, indicating that the lack of luminescence was a result of compound action on the spores, not luciferase inhibition.
The data presented in Figure 4 show that the BacTiter-Glo™ Assay was able to distinguish weak from strong sporulation
inhibitors.
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Figure 4. BacTiter-Glo™ Assay can be used to screen for inhibitors of sporulation. Spores were collected from fungal
mycelium grown on potato dextrose agar plates at appropriate conditions, counted using a Fuchs Rosenthal device and
suspended at a concentration of 2 × 105 spores/ml in PDB. Resuspended spores were treated with compounds for 5, 30 or 180
minutes. Then 100µl of BacTiter-Glo™ Reagent was mixed with 100µl of spore culture, and luminescence was measured using a
GloMax® Multi Detection System (Cat.# E7031). Data are presented as RLU vs. nontreated controls.

Using the BacTiter-Glo™ Assay with Algal Cell Culture
We also used the BacTiter-Glo™ Assay to assess viability in three species of algae: Anabaena cylindrica, a filamentous algae,
Chlorella ovalis and Chlamydomonas spagnophilia, both unicellular algae. Algae were cultured in Blue-Green Medium (BG11
Broth). Serial dilutions of the cultures were made before performing the BacTiter-Glo™ Assay. Luminescence output from the
assay decreased with the decrease in cell number expected with dilution (Figure 5).
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Figure 5. Different algae species were grown at appropriate conditions in BG11 broth (21°C, 65% relative humidity, 1000
Lux for 16hr/day). For each species, a series of 6 twofold dilutions was prepared in BG11 medium. One hundred microliters of
BacTiter-Glo™ Reagent was added to 100µl of each of the dilutions, and the BacTiter-Glo™ Assay was performed as described in
Technical Bulletin #TB337. Luminescence was measured using a GloMax® Multi Detection System (Cat.# E7031) at 5, 15, 30 and
60 minutes after BacTiter-Glo™ reagent was added. RLU are background corrected against a BG11 medium-only control.

Summary
Here we have demonstrated the utility of the BacTiter-Glo™ Microbial Cell Viability Assay for assessing metabolically active
fungal and algal cells. We have demonstrated the ability of the assay to detect toxicity in one yeast strain from treatment with a
fungicide. Furthermore, we have presented data that indicate the assay can be used to screen compounds for fungal
sporicidal activity and that it can distinguish between weak and strong sporicidal compounds. This rapid assay for spore
viability provides an essential tool for discovering new and effective fungal sporicidal compounds.
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