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Live attenuated vaccines are usually generated by mutation of genes encoding virulence factors. "Virmugen" is coined here to represent a gene that encodes for a virulent factor of a pathogen and has been proven feasible in animal models to make a live attenuated vaccine by knocking out this gene. Not all virulence factors are virmugens. Although numerous studies have been reported in development of live attenuated vaccines, systemic analysis of virmugens has not been performed. VirmugenDB is a web-based virmugen database (http://www.violinet.org/virmugendb). Currently, VirmugenDB includes over 220 virmugens that have been verified to be valuable for vaccine development against over 55 bacterial, viral, and protozoan pathogens. Bioinformatics analysis has revealed significant patterns in mutated genes. For example, 10 Gram-negative and 1 Gram-positive bacterial aroA genes are virmugens. A sequence analysis has revealed at least 50% of identities in the protein sequences of the 10 Gram-negative bacterial aroA virmugens. As a pathogen case study, Brucella virmugens were analyzed. Out of 15 Brucella virmugens in this study, six are related to carbohydrate or nucleotide transport and metabolism, and two involving cell wall biogenesis. To study the roles of these virmugens in stimulating immune responses, host immune factors differentially expressed between live attenuated vaccines containing virmugen mutations and wild type pathogens have been annotated and analyzed. More than 20 host genes were up- or down-regulated in cells or tissues infected with live attenuated vaccines containing virmugen mutations compared to corresponding wild type pathogens. For example, IFN-gamma and IL-4 were down-regulated by several virmugen mutant vaccines. The bioinformatics annotation and analysis of virmugens helps elucidate the mechanisms of microbial pathogenesis and host immunity and further supports rational design of future live attenuated vaccines.
