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The one spectroscopic technique that can be used to obtain
direct structural information for metalloenzymes in solution
is X-ray absorption spectroscopy (XAS). XAS refers to
the structured absorption that occurs on the high-energy
side of an absorption edge. With careful analysis X-ray
absorption spectra can give bond lengths, and coordination
numbers of atoms at the nearest environment of metal ion
in enzyme active site. Such spectra are also sensitive to the
total effective charge of the metal ion and its geometry.
One of the key advantages of a XAS spectroscopy is that
it can be used in conjugation with rapid mixing apparatus
to study reacting systems in real-time. The importance of
real-time structural information of dilute enzyme solutions
is apparent. In this presentation, I will present the potential
of time-dependent XAS to reveal important new insights
regarding enzyme mechanisms and active site structural-
kinetics [1-4].
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It has always been a dream to visualise the structure of
molecules at work to see how they evolve from initial
states, through intermediates to final states. Which atoms
and molecules take part, are there intermediate states and
if so, for how long do they exist? This is a great challenge
since molecules change shape and composition extremely
fast, from femtoseconds to seconds. With the advent of third
generation synchrotrons facilities, intense pulsed beams of
hard X-rays are now available that can be used to probe
molecular structure with a time resolution down to 100 ps.

The ESRF has a dedicated station ID09B for pump-
probe diffraction and scattering experiments. A reaction
is typically initiated by short laser pulse and the evolving
structure is probed by a delayed x-ray pulse from a chopper.
The experiments are typically repeated at frequencies
between 1-1000 Hz while the x-ray signal is accumulated
on a CCD detector. When Fourier transformed maps of

the laser induced change are stitched together, the atomic
motions are tracked during the reaction. In this talk I will
compare films of myoglobin and hemoglobin obtained
in crystals (Laue diffraction, [1]) with films in solution
(SAXS/WAXS [2]).
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The foremost part of our structural knowledge of
metalloproteins comes from crystallography using x-rays at
SR sources. The impact these intense x-rays have on an active
site metal atom must be evaluated during crystallographic
experiments and not assessed post hoc. We describe here
the development of in situ spectroscopic and x-ray methods
and instrumentation that can be applied to characterise the
metal sites of a metalloprotein single crystal. The unique
capability produced by bringing together these techniques
enables accurate monitoring of the oxidation state and
spectral properties of metalloprotein crystals. We have
applied this combined-methods approach to copper nitrite
reductases which contain both a redox type 1 (T1) and a
catalytic type 2 (T2) Cu site. In the absence of substrate
(nitrite), optical spectroscopy and X-ray absorption data
measured from the same crystal prior to and following
the crystallographic data collection clearly indicated that
the T1Cu site had become reduced to Cu(l) during the
experiment while the T2Cu site remained in the Cu(Il)
state, providing evidence for an ordered mechanism for this
enzyme. In the presence of substrate, we have demonstrated
the formation of the NO product at the T2Cu site in crystals
following radiolytic reduction of the T1Cu site. While only
a few studies of this kind have been reported to date, recent
and future generations of SR sources will require such a
combined approach if proper functional interpretation of
the structural data obtained on metalloproteins at these
highly intense x-ray sources is to be achieved.
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