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ABSTRACT 

 

The matrix metalloproteinase (MMP) family belongs to the metzincin clan of zinc-dependent metallopeptidases. 

Due to their enormous implications in physiology and disease, MMPs have mainly been studied in vertebrates. 

They are engaged in extracellular protein processing and degradation, and present extensive paralogy, with 23 

forms in humans. One characteristic of MMPs is a ~165-residue catalytic domain (CD), which has been structurally 

studied for 14 MMPs from human, mouse, rat, pig and the oral-microbiome bacterium Tannerella forsythia. These 

studies revealed close overall coincidence and characteristic structural features, which distinguish MMPs from 

other metzincins and give rise to a sequence pattern for their identification. Here, we reviewed the literature 

available on MMPs outside vertebrates and performed database searches for potential MMP CDs in invertebrates, 

plants, fungi, viruses, protists, archaea and bacteria. These and previous results revealed that MMPs are widely 

present in several copies in Eumetazoa and higher plants (Tracheophyta), but have just token presence in 

eukaryotic algae. A few dozen sequences were found in Ascomycota (within fungi) and in double-stranded DNA 

viruses infecting invertebrates (within viruses). In contrast, a few hundred sequences were found in archaea and 

>1000 in bacteria, with several copies for some species. Most of the archaeal and bacterial phyla containing 

potential MMPs are present in human oral and gut microbiomes. Overall, MMP-like sequences are present across 

all kingdoms of life, but their asymmetric distribution contradicts the vertical descent model from a eubacterial or 

archaeal ancestor. 
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–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––– 

1. Molecular characteristics of matrix metalloproteinases — The matrix metalloproteinases (MMPs) are a 

widespread family of zinc-dependent metallopeptidases (MPs), which either broadly degrade extracellular matrix 

components or selectively activate or inactivate other proteins through limited proteolysis [1-3]. MMPs were 

discovered in 1962 as an active principle in frog metamorphosis [4], and they contain a central zinc-dependent 

catalytic domain (CD) of ~165 residues, which is mostly furnished at its N-terminus with a ~20-residue signal 

peptide for secretion and an ~80-residue zymogenic pro-domain (PD). Some MMPs possess a "furin recognition 

motif" (R-X-R/K-R; [5]) for proteolytic activation between the PD and the CD. Into this minimal configuration, 

distinct MMPs have inserted extra segments and domains, such as fibronectin-type-II inserts within the CD and C-

terminal unstructured linker regions, ~200-residue hemopexin domains (HDs) and other domains, as well as 

glycosyl phosphatidylinositol (GPI) anchors and transmembrane segments [1, 3, 6]. Overall, this variability divides 
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