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Technological development to give potential functions to microbes by utilizing
the endobacterial symbiosis mechanism
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Endofungal symbiotic bacteria are well characterized in the family

Burkholderiaceae in class Betaproteobacteria, and these frequently occur in the fungal genus
Mortierella, which is one of the largest genera in the phylum Mucoromycota. A culturable
Burkholderiaceae-related endobacterium (BRE), Mycoavidus sp. B2-EB, present in the fungal host M.
parvispora E1425, was obtained successfully in this study. Its complete genomic sequence was newly
determined, and the results indicated genomic reduction occurring in the genome of B2-EB (1.88 Mb).
Comparing with other known Mycoavidus and BRE genomes, the strain B2-EB genome was characterized by
the loss of genes involved in signal transduction, transcription, energy production, and conversion,

as well as carbohydrate and amino acid metabolism. This work allowed us to understand the genome
evolution of the BRE, revealing that the strain B2-EB genome represents the smallest genome among
cultured endofungal bacteria.
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Fig. 1. Microscopic observations of BRE dwelling in the hyphae of M.
parvispora E1425. (A) fluorescent microscopic observation of endobacteria
within hyphae stained by a LIVE/DEAD™ BacLight™ bacterial viability kit,
and (B) transmission electron microscopic observation of endobacteria within
rapid-freezing and freeze-substituted hyphae. Abbreviation: FH, fungal
hyphae; EB, endobacterium-like structures; L, lipid bodies; V, vacuoles, M,
mitochondria.
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Fig. 2. Phylogenetic identification of Mycoavidus sp. strain B2-EB
according to (A) an unrooted maximum likelihood phylogenetic tree
constructed by RAXML based on a concatenated sequence (11,460
positionsin total) of the five housekeeping genes, and (B) a boxplot
of whole genome average nucleotide identity between strain B2-EB
and M. cysteinexigens B1-EBT. The horizontal lines in (A) show
genetic distance, which are support values estimated with 100
bootstrap replicates.
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Fig. 3. Model representing metabolic processes and secretion
system assumed from Mycoavidus sp. strain B2-EB. Purple
crosses show the genesresponsible for the pathways or proteins
deleted in both B1-EBT and B2-EB genomes, and red crosses
show those deleted only in the B2-EB genome.
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Fig. 4. Heatmap of significantly expressed genes in the
presence (wild-type strain) and absence (cured strain) of
endobacteria. Graduation bar indicates the expression level
(fold).
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