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Capturing enzyme reaction intermediates by time-resolved IR spectroscopy ('Graduate School
of Science, University of Hyogo) OMinoru Kubo!

Proteins are now being designed and utilized as components of molecular systems.
Understanding the fundamental processes underlying protein function requires the observation
of their dynamics, and numerous techniques, primarily based on spectroscopic methods, have
been developed for this purpose. Recently, time-resolved (TR) X-ray crystallography using
SACLA has emerged as a powerful method for visualizing protein dynamics. This technique
allows the direct observation of positional changes of individual atoms within a protein,
enabling structural changes related to function to be visualized as “molecular movies.” While
TR spectroscopy has long been regarded as a useful method for observing protein dynamics,
the advent of “molecular movies” prompts a re-evaluation of the role of TR spectroscopy. In
structural biology, we are now entering an era in which providing only kinetics is insufficient
to fully appreciate the value of TR spectroscopy.

The limitations of TR X-ray crystallography are as follows: (1) Capturing the formation and
breaking of chemical bonds is difficult; (2) Observing protons is challenging. (3)
Distinguishing between single and double bonds, and consequently identifying molecular
species, is difficult; and (4) Analyzing electronic state dynamics is impossible. Importantly,
these challenges can be addressed by TR spectroscopy, highlighting the potential for
complementary use of TR spectroscopy with TR X-ray crystallography. From this perspective,
TR spectroscopy is likely to find more opportunities in studying enzymes and photo-responsive
proteins than in research on channels and receptors.

In this presentation, I will introduce our TR-IR spectroscopic instruments'? and discuss two
examples of vibrational spectroscopic research on enzymes. The first example involves the
intermediate analysis of DNA photolyase, a flavin enzyme that repairs damaged DNA using
blue light energy. The repair reaction can be initiated by photoinduced electron transfer from
flavin to damaged DNA. We observed the repair reaction of the (6-4) photoproduct (a type of
DNA lesion) and obtained the IR absorption spectrum of a key intermediate. By using
isotopically-labelled (6-4) photoproducts and performing DFT calculations, we assigned the
intermediate as an oxetane species.

The second example involves the intermediate analysis of NO reductase, a heme enzyme
that catalyzes the reduction of NO to N2O in the nitrogen cycle. We used a photo-sensitive
caged substrate (caged NO) to trigger the enzymatic reaction with light and measured the IR
absorption spectra of the intermediates. By employing isotopically-labelled caged substrates
and DFT calculations, we demonstrated that the reactive nitrogen species appearing during the
reaction is a nitroxyl radical anion (Fe**-NHO*®).

Through these studies, this presentation will explore the role and potential of spectroscopy
in understanding the elementary processes underlying protein function.
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