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Abstract

Bacteria have only a few megabytes size of the genome and make limited proteins. However, they make up for their
shortcomings by using moonlighting proteins (MPs) which have multi-functionality. MPs are found throughout the evolutionary
tree—bacteria, archaea, mammals, reptiles, birds, fish, worms, insects, plants, fungi, protozoans, and even viruses. MPs have been
known as virulence factors in pathogenic bacteria because they have various functions such as adhesins and thrombolytic factors.
However, it has been reported that many MPs such as glyceraldehyde-3-phosphate dehydrogenase (GAPDH), enolase, glutamine
synthetase (GS), elongation factor thermo unstable (EF-Tu), GroEL, and Dnak exist on bacteria cell surfaces even in probiotics.
In this review, we described the MPs in pathogenic and probiotic bacteria. MPs have “main function” and “sub-function”, and it
is classified as some types. Many MPs are known to have different functions inside and outside cells. The expression of MPs is
induced by several stresses such as high pressure, digestive fluids (bile acid), and others. MPs are transported to the cell surface
or outside of bacteria by ABC transporter and/or M protein. Moreover, extracellular vesicles (EVs) have gotten attention as a
transport system for MPs. MPs exist on cell wall components such as peptidoglycan and lipoteichoic acid by an ionic bond.
Pathogens and probiotics have to adhere to the host for infection and colonization, respectively. MPs such as GAPDH, GroEL,
and EF-Tu have been known as adhesins in pathogens and probiotic bacteria. They help bacteria adhere to host components
such as epithelial cells, mucin, and sugar chain. In addition, intestinal bacteria have to escape from the host immune system
after adhesion. MPs act as immune regulators, and they help these bacteria to escape from the host immune systems such as
complement system, NO production, and cytokine production. Further, MPs also act as binding factors of heavy metal such as
mercury, and cadmium, thrombolysis factors, adhesion factor to yeast cells, and transferrin receptor. As mentioned above, MPs
play important role in the bacteria. We believe that elucidating the functionality of MPs in the host will lead to development of
novel treatments and prevention of infection.
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