Fig. 2: Relative 3M/6M intensity ratio vs. sarcomer
length: theory and experiment
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Fig. 3. Axial mass projection of myosin heads
at rest (diamonds) and at Po (circles)
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d) Finally, we have begun to address the new |ines of work presented
in the original proposal. W recall that these were to study the
structural events associated with thin filament activation. These
are difficult experinents because the activation occurs in the

first few mlliseconds after the initiation of the contractile
cycle and, noreover, the internediate states that one w shes to
capture are also short-lived. In addition, the reflections

associated with these phenonena are not particularly strong. W
have collected sonme prelimnary results on the troponin activation
phenonenon. These results suggest that it is possible to
define/detail the axial changes in the troponin reflections that
are associated with activation. This is done by exploiting once
again the presence of pronounced interference effects. W also
proposed to work on tropomyosin. This has not yet started but we
hope to get onto it soon.

Rel evant references:

1. Design, inplenentation and nethods for the manufacture of conponents
of a two-dinensional X-ray detector. |. Ranpbs-Lerate, D. Beltréan, 1.
Magrans, J.C. Martinez, J.A Perlas, J. Bordas. Nuclear Instrunents and
nmet hods i n Physics Research, section A 2002 (in press).

2. Suitability study of a histogramm ng software architecture in the data
acqui sition system of position sensitive X-ray detectors. |. Magrans*,
J.A. Perlas, D. Beltran, |. Ranos-Lerate, J.C. Martinez, J. Bordas.
Nucl ear Instruments and methods in Physics Research, section A 2002 (in
press).

3. Axial Disposition of Mosin heads in Isonetrically Contracting
Muscl es. J. Juanhuix, J. Bordas, J. Canpnany, A. Svensson, ML. Bassford
and T. Narayanan. Bi ophysical Journal Vol 80 1429-1441 (2001).

4. Structure and Mechanics of Miuscle and Tendon. P. Fratzl and J. Bordas.
Synchrotron Radi ati on News Vol. 15, No. 4 18-26(2002).



intensity profiles need to be fitted with a theory that includes
both crystallographic and helical disorder (Fig. 1). Then the

nmeasured variations of the integrated intensities of t he
experinmental data can be accounted for in terns of disorder. The
two lines in Fig. 1, that are practically superinposed, illustrate

how t he shape, therefore the intensity, of the 3MIlayer |ine can be
reproduced by the appropriate theory. This is essential to obtain
the appropriate intensity of the underlying helically diffracting
repeating notif (i.e. the thick filament in this case) which
conbined with the phases can yield interpretable electron density
maps. Fig. 2 illustrates how the different intensity dependence on
sarconere length of the inportant third and sixth myosin |ayer
lines (3M and 6M respectively) during isonmetric contraction can
satisfactorily be accounted for. The figure shows how this hitherto
un- expl ai ned dependence on sarconere length (dianonds) can be
accounted for by inclusion of disorder effects in the nuscle
lattice (open circles). Only after appropriate corrections of this
nature are applied it is possible to conpare electron density maps
describing the nyosin heads in different internmediate structural
states (see exanple in Fig. 3). Considering the conplexity of the
theory it is gratifying that the results can be so accurately
accounted for (manuscript in preparation).

Simlar calculations have been applied to the data collected at
rest, during shortening and stretches. The conbination of phase
extraction and intensity determnation has yielded a nunber of
el ectron density maps that can be quantitatively conpared. This is
illustrated in Fig. 3 where electron density maps, corresponding to
the mass projection at Po (isonetric plateau) and at rest, are
shown. The two | obes of density represent the nass projection of a
pair of nyosin heads in the unit cell, therefore one can concl ude
that whilst at Po (fully developed tension during isonetric
contraction) one head in the pair adopts a nore perpendicular
orientation to the nuscle axis (ref.3), at rest the configuration
of the two heads is nore alike. W have found that the maps during
i sotonic shortening are essentially identical to those at rest as
long as the load is negligible, whilst during stretches they are
much |ike those at Po. Note that the total intensity in the mass
projections in Fig.3 are identical within error. This testifies for
the wvalidity of the procedure for intensity evaluation and
correction. The biological significance of these results wll be
di scussed el sewhere (manuscript in preparation).



conditioning of the specinmens. In order to inprove the experinental
duty cycle, the equipnment was nodified so that tw teans
(ourselves and the Hannover team Dr. T. Kraft and coll eagues)
could install their physiological apparatus in the hutch. These can
be qui ckly, and reproducibly, noved into the beam whenever one team
is ready to carry out their experinments. The result is that, after
some initial teething troubles, the duty cycle of the experinents
was al nost doubl ed. Overall this works very well.

Scientific output:

a)

b)

We have devel oped experinmental and theoretical nethods to obtain
phase information for the neridional reflections (i.e. those that
contain the information about the axial configuration of the nyosin
heads) from the interference phenonena present in the X-ray
patterns (refs. 3,4). These neasurenents have now been extended to
the recording of diffraction diagrans from nuscles undergoing
various forms of contraction, e.g. unloaded shortening, shortening
under various |oads, as well as under controlled stretches. The
rel evant phase information has been obtained, albeit at a
relatively low resolution of ca. 5.0 nm This is because the size
of the detectors available is not I|arge enough to cover the
reci procal space range needed to extend the data to high resolution
and at the sane tinme resolve the interference effects. Until nore
suitable detectors come along, this part of the work nmnust be
regarded as conpl ete.

On the other hand, we have found that in order to conpare the
conformation of the myosin heads in the various fornms of
contraction it is also necessary to include fairly sophisticated
intensity corrections. These are essential to obtain electron
density maps that can be quantitatively conpared with each other.
The reason for this is that the nuscle diffraction patterns are
susceptible to crystallographic disorder effects, which are
strongly influenced by the exact contracting condition of the
nmuscle (i.e. resting, isonetric or isotonic). To solve this problem
we have devel oped what seens to be a sound/rigorous theoretical
approach. The application of these theoretical corrections requires
time resolved data in which the peak shapes are very accurately
determined. This accuracy can only be achieved with the beam
profile only available froma third generation X-ray source such as
the ESRF. The conbi ned experinental/theoretical work has allowed us
to extract the necessary corrections for a nunber of contracting
st at es. The attached figures illustrate the procedure. The



Report:

The conditions of a Long Term Project (LTP) are that: in addition to
tackling a scientific program of value, the participants must engage in
t he devel opment of nmethods and/or instrunentation that could be, in due
course, of benefit to the ESRF user community, and; to inprove the
efficiency in the use of the ESRF. Therefore, this report is in two
parts: the first refers to what we have been doing about the technica
aspects of our use of the ESRF, and; the second is concerned wth
progress in nuscle research.

Technical /instrunentati on aspects:

a) In order to explore the possibility to install easily accessible
detectors of different kinds to those nornmally avail able (such as
the RAPID detector on loan from the SRS, Daresbury), a by-pass of
the large evacuated chanber in ID2 was installed by ESRF staff and
tried out. This was done by installing horizontally diffracting
nmonochr omat or crystals, so that the X-ray beam could be diverted to
one side and by-pass the |arge evacuated chanber. The neasurenents
clearly indicated that an unacceptable | oss of useful intensity was
suffered. This was due to the fact that the rocking curve w dth of
the crystals in use was too narrow relative to the horizontal beam
di vergence. The solution to this problemis to replace the current
crystals with asymretrically cut ones as this would broaden their

i nput angul ar acceptance. Hopefully this will be tried out sonetine
in the future.
b) In terns of developing equipnent of general interest, one should

nmention that we are in the final stages of signing a protocol of
col l aboration with the ESRF. The aimis to construct and, in due
course exploit, single photon counting position sensitive devices
with the specific aim of enabling the pursuit of tine resolved
experinments. This should result in the technical possibility to
carry out true kinetic experinments with time resolutions in the
sub-mllisecond domain. This is sonmething that currently is not
possible at the ESRF. In parallel other work in progress (refs.
1,2), we have additionally conmtted ca. 3 work-years/year and in
excess of ca. 120,000 euros to this collaboration.

c) The efficiency of data collection has been inproved significantly.
In our line of work the duty cycle is Ilimted by the physi ol ogi cal
preparation. Typically a neasuring protocol involves no nore than a
few mnutes, whilst nost of the tinme goes into the preparation and
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The double page inside this form is to befilled in by all users or groups of users who have
had access to beam time for measurements at the ESRF.

Once completed, the report should be submitted electronically to the User Office using the
Electronic Report Submission Application:
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Published papers
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* typeyour report, in English.
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» if your work is published or is in press, you may prefer to paste in the abstract, and add full
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