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Structural analysis of the metal active center of cold-adapted inorganic
pyrophosphatase by rapid-freeze XAFS spectroscopy
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In previous experiments conducted in December 2020, February 2021, and May 2021,
temperature-dependent EXAFS analyses of Zn-activated Sh-PPase—PNP complexes were
attempted. However, the Zn data obtained at that time suffered from insufficient signal-
to-noise (SN) ratios, making it difficult to detect Zn—-Zn scattering paths or perform
reliable structural modeling. Therefore, in the present study, new measurements of Zn
samples were undertaken to improve data quality.

Rapid-freeze EXAFS measurements were performed for Zn—Sh-PPase—PNP complexes
at 0 °C, 20 °C, and 40 °C. For each condition, 10-12 repeated scans were merged and
averaged, resulting in a significant improvement in SN ratio compared to previous




datasets. In the k3y(k) spectra, oscillations in the high-k region became much clearer,
while Fourier-transformed spectra exhibited sharper and more distinct peaks in both the
first and second coordination shells. In particular, the sharper first-shell peak allowed
for more accurate determination of Zn—-O and Zn-N coordination.

Curve-fitting analysis of the improved spectra revealed a Zn—-O (bridging water) bond
distance of 1.82 A. This distance is consistent with the geometry of a ps-oxo bridge,
strongly suggesting that the bridging water at the active site of Zn—Sh-PPase is in fact a
ps-oxo species. These findings provide direct structural evidence supporting a catalytic
mechanism in Family II inorganic pyrophosphatases, in which the bridging water
nucleophile directly attacks the phosphate substrate.
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