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Spore outer layer map
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CsxB: where am I?
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Imaging anaerobes in co-culture

WT - Alexa 568
ΔcsxB - Alexa 488
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Quantifiable Stages of Germination
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Resolving rehydration timing using core intensities
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∆csxB shows a distinct phenotype

Phase (raw) Phase (high-contrast) Alexa 568/488 Merged
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∆csxB exhibits two-stage rehydration



Normalized Intensity at the time of the stall

WT ∆csxB

𝑛 = 909

𝑛 = 633

Fraction of spores with a stall in rehydration
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∆csxB exhibits two-stage rehydration



Utilizing fluorescence to visualize protein layers



Exosporium polarity
Finding the distal pole of the exosporium
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Emergence from 

distal pole

Exosporium polarity

Emergence from 

proximal pole



Fraction of cells emerged from the distal pole

Vegetative cells emerge from the distal pole 

Fraction of polar cells

𝑛 = 318
𝑛 = 816

ΔcsxCWT

𝑛 = 29

𝑛 = 51

𝑛 = 787

𝑛 = 267

Symmetric Polar
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Measuring Coat Expansion
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Short axis intensity



∆csxC always exhibits coat expansion in the long axis

Long Axis Short Axis



Summary!
• We have developed a platform to image co-cultures of 

anaerobes to quantitatively resolve phenotypes

• ∆csxB spores exhibit two-stage rehydration

• WT cells emerge from the distal pole of the exosporium

• ∆csxC spores exhibit a robust expansion along their long 
axis compared to WT



Thank you!
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Exosporium polarity: ∆csxC
Finding the distal pole of the exosporium
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