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Abstract⎯This review is focused on analysis of the biological diversity of phytase-producing microorganisms
capable of degrading phytate to inorganic phosphate. General approaches to microbial phytase classification
are discussed, with a particular emphasis on histidine acid phytases (HAPs), which catalyze specific cleaving
of myo-inositol hexakisphosphate. The effect of glycosylation and various effectors on enzyme thermostabil-
ity and activity of phytases are described. The data on the biosynthesis of histidine acid phytases, their sub-
strate specificity, and on the mechanism of myo-inositol hexakisphosphate hydrolysis are considered. A con-
clusion is made concerning the biotechnological potential of this group of microbial enzymes.
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Microorganisms—archaea, bacteria, yeasts, and
microscopic fungi—inhabit various ecological niches
and have a high hydrolytic potential. They can use var-
ious hardly accessible compounds even in highly pol-
luted soils. Phosphorus is one of the essential macro-
nutrients necessary for all organisms. On the Earth
surface, phosphorus is present in the form of minerals
that are components of natural phosphates: apatites
and phosphorites, most of which are being used in the
production of phosphate fertilizers. While plants take
up phosphorus from soil almost solely as phosphate
anions, mainly, as  and  these forms
are characterized by low availability for land plants and
high sorption capacity (Secco et al., 2017; Farias et al.,
2018). At the same time, natural replenishment of soil
with phosphate compounds is rather negligible and
the addition of phosphate fertilizers to soil is therefore
highly important for increasing crop yield. The major
part of phosphorus in soil is often present in the form
of phytates, and their low solubility is the cause of lim-
ited uptake of this phosphorous compound by plants
(Haefner et al., 2005; Singh and Satyanarayana, 2011).
Phytate is a myo-inositol hexakisphosphate, a strong
chelating polyanionic agent capable of forming insol-
uble complexes with metal cations, proteins, peptides,
and amino acids in soil and feeds, which results in
decreased bioavailability of phosphorus and other
components of the phytate complex. Phytates are the
components of grain feeds, but they are not assimi-
lated by monogastric animals and are considered as an
antinutritional factor, due to which agricultural pro-
ducers suffer considerable damage (Bohn et al., 2008).

In addition, the limited ability of such animals to
assimilate phytate complexes contributes to enhanced
excretion of undigested mineral-phytate salts and
environmental pollution, which leads to the growth of
toxin-producing microorganisms, algae bloom on the
water surfaces of lakes and rivers, and nitrogen oxide
formation (Roy et al., 2016; Cangussu et al., 2018).

With respect to the chemical structure, inositol is a
cyclic derivative of a hexabasic alcohol, and its confor-
mation varies depending on the positions of hydroxyl
groups with axial or equatorial spatial orientation. The
interaction between hydroxyl groups and six phos-
phoric acid residues results in the formation of nine
stereo isomers of inositol phosphate, the predominant
residues being myo-inositol hexakisphosphate (phy-
tate, myo-InsP6). Each hydroxyl group of phytate
binds to only one phosphate residue, and the phos-
phate group bound with the second carbon atom of
inositol (position d-2) is axially oriented in space
(Fig. 1) (Kerovuo et al., 2000; Balaban et al., 2016).

The monoester bonds of organic compounds are
hydrolyzed by enzymes of a large class of phos-
phomonoesterases (phosphatases), and their hydroly-
sis is associated with metabolic regulation and with the
regulatory network of cell signal transduction (Shin
et al., 2001). In spite of the great diversity and broad
distribution of phosphomonoesterases, many
enzymes of this class cannot hydrolyze phosphomon-
oester bonds in inositol phosphate molecules. The
enzymes that can hydrolyze phytate and its complexes
are distinguished into a separate class of phytases in
the vast phosphohydrolase family.
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