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Changes to Candida albicans biofilm architecture can be 

induced by altering environmental pH

Changes in pH also affect the ability of Staphylococcus aureus

to penetrate Candida albicans biofilms

But changes in C. albicans biofilm architecture explain only 

some of the differences in S. aureus penetration
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Figure 5. Changes in biofilm architecture can explain some, but not all, of the variability in the time required for S. aureus to penetrate to the center of a C. albicans biofilm.  Each panel shows a simple linear regression using the z-score (standardized by experimental replicate) 
of the mean number of green fluorescent pixels in the center of a C. albicans biofilm approximately two hours after gfp-marked S. aureus was added at the edge of the biofilm as the response variable.  The explanatory variables are z-scores (standardized by experimental 
replicate) of (left to right):  biofilm volume (voxels), biofilm volume/number of objects (voxels), surface area/biofilm volume (faces/voxel), number of objects, porosity (voxels), surface area (faces).

Figure 4. The S. aureus
population size at the center of 
C. albicans biofilms varies with 
pH. Polynomial regression 
using the z-score (standardized 
by experimental replicate) of 
the mean number of green 
fluorescent pixels in the center 
of a C. albicans biofilm 
approximately two hours after 
gfp-marked S. aureus was 
added at the edge of the 
biofilm as the response 
variable and pH as the 
explanatory variable.Figure 3. Experimental design to test effects of C. albicans biofilm architecture on S. aureus penetration into biofilm
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Figure 1. Candida albicans biofilms grown for 24 hours in Roswell Park Memorial Institute 1640 medium at pH (left to right): 5.0, 5.5, 6.0, 6.5, 7.0, 7.5, 8.0, 8.5.  Top:  Oblique view, 400x, 3D projection.  Bottom:  View from above, 400x, 3D projection.

pH 5.0 pH 8.5

Figure 2. Changes in pH can alter Candida albicans biofilm architecture.  Each panel shows a polynomial regression using pH as the explanatory variable.  The response variables are z-scores standardized by experimental replicate of (left to right):  biofilm volume (voxels), biofilm 
volume/number of objects (voxels), surface area/biofilm volume (faces/voxel), number of objects, porosity (voxels), surface area (faces).  All biofilm architecture metrics were calculated using the Biofilm Architecture Inference Tool.6
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