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Probing protein structural changes in
solution

Proteins are sequences of aminoacids
that fold in 3D structures to
accomplish their biological functions.
Several studies have shown that
protein conformational changes often
play a crucial role in function
regulation. So far, direct structural
information on molecular motions has
been obtained only in the crystal state
by time-resolved protein
crystallography [1]. However, protein
crystals, while allowing model-free
atomic resolution reconstruction, may
induce stress/strain in the protein and
hinder biologically-important
structural changes. For proteins in
solution, only indirect information has
been obtained so far through time-
resolved optical spectroscopy [2], thus
highlighting the need of more direct,
time-resolved, structural probes. In the
last decade, protein solution scattering
has undergone tremendous
improvements in instrumentation and
understanding of the experimental
data, thus opening the possibility of
studying protein structures in solution
although at somewhat limited
resolution of 5-10 angstroms [3].

We have therefore attempted to
combine the exceptional time
resolution achievable at ID09B (down
to 100 ps) with the structural
sensitivity already demonstrated for
protein solution scattering.

We demonstrate this approach by using
it to monitor the structural changes of
different proteins after
photodissociation of the ligand.
The basic idea of the experiment is as
follows: X-ray pulses are selected from
the storage ring using a synchronised
ultra-fast mechanical shutter
(Figure 59). Synchronised laser pulses
are produced by the laser system
available at ID09B, where different
pulse lengths and laser wavelength can
be used. The laser/X-ray pulse pairs
(suitably shifted by a time delay that
can be varied electronically with an
accuracy of ~ 10 ps) are sent to the
sample to excite and probe the
structure respectively. Typically, for a
given time delay, the sample has to be
exposed to about 1000 single laser/X-
ray pulses to make efficient use of the
CCD dynamic range.

For reciprocal vector
(q = 4π / λsin(θ /2)) in the range 0.05 to
2 Ang-1 protein structural features
gives rise to modulations of the
scattering pattern that are fingerprints
of the protein structure thus giving a
direct structural probe. Since the light-
induced differences are relatively small
(< 5%), the data are usuallypresented
as laseron-laseroff difference
scattering patterns.

To test this new experimental
approach we studied human
haemoglobin because it offers a well-
known example of structurally tuned
biological function. Haemoglobin is
made of four subunits each of them
able to reversibly bind small molecules
such as oxygen or carbon monoxide; it
performs its biological task efficiently
(oxygen delivery) thanks to the
equilibrium between two
conformations (called “R” and “T”)
having a dramatically different ligand
affinity. Because of its fundamental
biological importance, the transition
between the R and T conformations
(called “quaternary transition”) has
attracted the interest of many
researchers over the last decades.
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Fig. 59: Schematic of the TR-WAXS
experimental technique (Adapted

by permission from Macmillan
Publishers Ltd: Nature Methods

M. Cammarata et al., Nature
Methods 5, 881, copyright (2008)).
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In our experiment, a short laser pulse
was able to break the protein-ligand
bonds thus triggering protein
structural relaxation from the initial
ligand bound (R) structure to the
unbound (T) structure; ligand
rebinding from the solution eventually
restores the initial condition.

Thanks to the high photon flux
available at ID09B, we were able to
provide a direct observation of the
R –> T transition and to measure
unambiguously the “waiting time”
before the quaternary transition takes
place. We found a time scale of about
2 µs challenging the previous
assignment obtained with absorption
spectroscopy [4] but in agreement with
more recent time-resolved Raman data
[2]. The main results are shown in
Figure 60. The difference scattering
patterns (laser at a given time delay –
laser off) show a clear evolution of the
signal that can be interpreted as the
transition from an intermediate
structure to the unbound equilibrium
structure. The fact that the 3 µs and
the 10 µs curves are very similar
immediately suggests a time scale for
the transition of a few microseconds.

This study shows that time resolved
scattering can be a valuable
experimental technique to gain insight
into protein structures and their
changes. Different excitation
mechanisms like pH jump or T-jump
could also be used and preliminary
tests are being carried out.

Fig. 60: Experiment on
haemoglobin: left panels
show the schematic of the
flash photolysis, right panels
show the data at different
time delays (green) along with
the reconstruction using two
time delays (black).
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The molecular basis of the braking action
of muscle studied by X-ray interference

We normally think of muscles as the
motors that drive the movements of
the body, but they can also act as
brakes to resist an external force. An
everyday example of this is the action
of the muscles in the front of the legs
to resist the force of gravity while
walking down stairs. A more dramatic
example would be deceleration of the
body on landing after a jump
(Figure 61), when the brakes must be
applied in a small fraction of a second.
This rapid braking response to an
external force is an intrinsic property of
isolated skeletal muscle cells. Our recent
results at beamline ID02 have revealed
its molecular basis for the first time. 

Skeletal muscle cells are packed with
parallel arrays of two kinds of
filaments, composed of the proteins

myosin and actin respectively. Myosin
is the motor protein; biochemically
driven changes in the shape of part of
the myosin molecule, called its motor
domain, drive muscle contraction. The
actin filaments form the molecular
tracks for these myosin motors; when
a muscle contracts the myosin motors
pull the actin filaments along the
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Fig. 61: The leg extensors
decelerate the body after
a jump (adapted from
Cerretelli, Fisiologia
dell’Esercizio, SEU, 2001).


