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Novel femtosecond photoreactions in flavo-enzymes
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In exceptional cases, flavo-enzymes perform functional light-driven catalysis, such as in fatty acid photodecar-
boxylase (FAP) [1]. Yet most display light-independent functions, although in these photophysical processes
also occur. Such processes can have photoprotective functions, and may also be exploited for photocataly-
sis or photoswitching applications [2]. This contribution highlights recent ultrafast spectroscopic studies on
short-lived photoproducts in “nonphotoactive flavoproteins exploring various redox and ligation states. They
include the discovery of two hitherto unknown photoreactions that occur on the timescale of a few hundred
femtoseconds or less.

First, we observed quasi-instantaneous (<100 fs) photo-oxidation of anionic flavin radicals in various flavopro-
tein oxidases, and subsequent charge re-separation in a few tens of picoseconds [3]. We will show that such
a non-functional photoreaction also occurs in FAP, where it surprisingly involves hydrated electron interme-
diates.

Second, we studied the charge-transfer complex formed by the flavin ring system and the substrate-analog
inhibitor methylthioacetate in monomeric sarcosine oxidase [4]. Here, upon population of the photo-excited
CT state, with near-unity quantum yield a state spectroscopically identical to the non-complexed enzyme is
formed in ~300 fs in a barrierless process. This implies that all CT interactions are vanished on this timescale.
The initial CT complex is subsequently recovered in a strongly thermally activated way on the nanosecond
timescale. These are properties of a highly efficient red-absorbing photoswitch. The possible ultrafast struc-
tural changes associated with this unprecedented process are discussed, as well as new in-depth characteriza-
tions of the process, and possible extensions of this system (the characteristics of which have recently been
shown to be highly sensitive to the structural details of the system [5]), for practical applications [6].
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