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Crystal structures of a novel, thermostable
phytase in partially and fully calcium-loaded

states

Nam-Chul Ha', Byung-Chul Oh?, Sejeong Shin', Hyun-Ju Kim?', Tae-Kwang Oh?, Young-Ok Kim?,

Kwan Yong Choi' and Byung-Ha Oh'3

Phytases hydrolyze phytic acid to less phosphorylated myo-inositol derivatives and inorganic phosphate. A
thermostable phytase is of great value in applications for improving phosphate and metal ion availability in animal
feed, and thereby reducing phosphate pollution to the environment. Here, we report a new folding architecture of a
six-bladed propeller for phosphatase activity revealed by the 2.1 A crystal structures of a novel, thermostable
phytase determined in both the partially and fully Ca?*-loaded states. Binding of two calcium ions to high-affinity
calcium binding sites results in a dramatic increase in thermostability (by as much as ~30°C in melting temperature)
by joining loop segments remote in the amino acid sequence. Binding of three additional calcium ions to low-
affinity calcium binding sites at the top of the molecule turns on the catalytic activity of the enzyme by converting
the highly negatively charged cleft into a favorable environment for the binding of phytate.

Phytases  (myo-inositol-hexakisphosphate-phosphohydrolase,
EC 3.1.3.8) are different from other phosphatases in that they
prefer phytate (myo-inositol-hexakisphosphate) as a substrate.
Phytate is responsible for storing more than 80% of the total
phosphorus in cereals and legumes'. Since monogastric animals
such as pigs, poultry and fish are not able to metabolize phytate,
the use of phytase in animal feed is highly desirable to reduce
phosphorus excretion and to improve the availability of phos-
phorus and metal ions chelated by phytic acid?

Several phytases have been cloned and characterized, includ-
ing fungal phytases from Aspergillus ficuum>*, bacterial phytase
from Escherichia coli®, and a mammalian phytase (rat hepatic
multiple inositol polyphosphate phosphatase)°. These phytases

Due to concerns about environmental pollution, 22 countries
have adopted the use of phyA as a feed additive'?. However, phyA
has a temperature optimum of 58°C, which is below the optimal
temperature range for processing animal feed. Recently, highly
thermostable phytases were isolated and cloned from Bacillus
species by two groups independently'*-'*. The two enzymes are
virtually identical, both containing 383 amino acids with 93%
sequence identity. They do not align with any other proteins in
the sequence data bank, nor do they contain the Arg-His-Gly
sequence. Notably, these enzymes are dependent on calcium ions
for thermal stability and for catalytic activity'®. In the presence of
1 mM EDTA, the enzyme from Bacillus amyloliquefaciens is
severely inhibited, and the enzymatic activity is considerably
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