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Fig. 1 (Color online) Amido-imidic acid tautomerization in pep-
tide bonds.
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Fig. 2 The relayed imidic acid exchange mechanism of the amide
protons (multiple tautomerization)?.
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Fig. 3 Inverting (top) and retaining (bottom) mechanisms of glycoside hydrolase® .
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Fig. 4 (Color online) Proton relay stabilizing the imidic acid state of Asn92¢. The X-ray and neutron H/D omit maps
around the proposed proton pool regions are shown (top) . In the X-ray map, hydrogen atoms are invisible in either 2F,—
F,map (blue) or F,—F, map (red and green) . In the neutron map, the single deuterium atom (ND1) of Asn92 is visible in
2F,~F. map (purple) and continuous F,—F, positive maps (green) are observed around the peptide chain. Proposed
mechanism of formation of the imidic acid form of Asn92 is illustrated (bottom).
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Fig. 5 Proton network observed in the PcCel6A catalytic site.
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Importance of tautomerization in proteins clari-
fied by neutron crystallography of cellulases

Kiyohiko IGARASHI

The University of Tokyo, Graduate School of Agricultural and Life Sciences, 1-1-
1 Yayoi, Bunkyo-ku, Tokyo 113-8657, Japan
VTT Technical Research Centre of Finland, Tietotie 2, Espoo FI-02044, Finland

Mikako TACHIOKA Japan Agency for Marine-Earth Science and Technology, 2—-15, Natsushima-cho,
Yokosuka-city, Kanagawa, 237-0061, Japan
Abstract Neutron crystallography enables us to visualize hydrogen atoms because neutrons are scattered

by nuclei, whereas X-ray is scattered by electrons. Protonation states of amino acids and orienta-
tions of water molecules are extremely important to consider the mechanisms of enzymes. We
found the importance of imidic acid form of asparagine residue in two cellulase structures
although it is believed to be unstable in solutions, and proton transfer mediated by multiple tau-
tomerizations in the protein main chains should be important for hydrolysis to occur in these en-
zymes.
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