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Introduction:  Biological soil crust (biocrusts) 

communities provide important ecosystem services to 
arid lands regarding soil fertility and stability, and are 
arguably the most extensive biofilm on Earth. They 
constitute a carbon pool that exceeds 1014 g C, and are 
responsible for almost half of the nitrogen fixed on 
land. The cyanobacterium Microcoleus vaginatus is the 
pioneer of biocrust communities, but interestingly this 
architect of the early biocrust successional stage does 
not fix nitrogen. Where does the initial nitrogen pulse 
come from to support the establishment of M. vagina-
tus as it colonizes bare soil? To answer this question, 
we compared the bacterial community firmly attached 
to M. vaginatus bundles (the “cyanosphere”) to that of 
the bulk biocrust soil, using high throughput 16S 
rDNA gene sequencing. We found a distinct bacterial 
community that is significantly enriched in the cyano-
sphere of M. vaginatus, one that contains several of the 
recently identified heterotrophic biocruts nitrogen fix-
ers [Pepe-Ranney et al. (2015) ISME J., 2, 287-298]. 
We hypothesized that nitrogen fixing heterotrophs 
could be differentially abundant in this community. 
Using real-time PCR we demonstrated that the nifH 
genes were 100 fold more abundant in the cyanosphere 
than in the rest of the soil. In conjunction with recent 
metabolomics studies [Baran et al. (2016) Nat. Com-
mun., 6, 1-9], this strongly suggests a symbiotic mech-
anism by which M. vaginatus provides carbon to the 
heterotrophic community in its cyanosphere and in 
exchange, this community provides M. vaginatus with 
fixed-nitrogen. This study reveals the existence of a 
differentiated microbial community associated with M. 
vaginatus and proposes a symbiosis with its cyano-
sphere that could be key to the early establishment of 
the biocrust.  
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