
Lausanne, August 19, 2004

Dear Dr. Liebling,

I am pleased to inform you that you were selected to the receive the 2004 Research Award of the

Swiss Society of Biomedical Engineering for your thesis work “On Fresnelets, interference

fringes, and digital holography”. The award will be presented during the general assembly of the

SSBE, September 3,  Zurich, Switzerland.

Please, lets us know if

1) you will be present to receive the award,

2) you would be willing to give a 10 minutes presentation of the work during the general

assembly.

The award comes with a cash prize of 1000.- CHF.

Would you please send your banking information to the treasurer of the SSBE, Uli Diermann

(Email:uli.diermann@bfh.ch), so that he can transfer the cash prize to your account ?

I congratulate you on your achievement.

With best regards,

Michael Unser, Professor

Chairman of the SSBE Award Committee

cc: Ralph Mueller, president of the SSBE; Uli Diermann, treasurer
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This note describes a practical improvement in the computational efficiency of the spectral signal-to-noise ratio (SSNR) 
resolution criterion for correlation-averaged images. The total set of N images is randomly partitioned into n s subsets, each 
subset is separately averaged, and a reduced form of the SSNR is computed from these average images. In general, larger 
values of n s achieve lower statistical uncertainty, while smaller values of ng are computationally more expedient. It is shown 
that, for negatively stained data, a judicious compromise is achieved with 10 < n s _< 20, regardless of how large N may be. 

1. Introduct ion 

In  a previous paper  [1], we have in t roduced the 
SSNR resolution criterion. Compared  with three 
al ternative criteria, viz. the differential  phase re- 
sidual (DPR) [2], the Fourier  ring correlat ion 
(FRC)  [3], and  the Q-factor [4], the SSNR offers 
several advantages.  First, it relates in a straightfor- 
ward way to the diffract ion-based resolution crite- 
r ion that has long been applied to crystalline 

* Corresponding author. 
** Permanent address: INSERM U. 138, HSpital Henri- 

Mondor, F-94010 Cr6teil, France. 

specimens [5]. Second, it has a lower statistical 
uncer ta in ty  than the DPR,  the FRC,  or the Q-fac- 
tor (which is usually computed  for single Four ier  
components) .  Third,  it allows one to est imate the 
improvement  of resolut ion that may  be expected 
from expanding  the data  set by a specific amount ,  
as well as the asymptot ic  resolut ion to be achieved 
by averaging over an  infini tely large data  set. 

However, whereas the D P R  and  F R C  are 
calculated on the basis of two Four ier  t r a n s f o r m s  
- one for each partial  average over the respective 
halves of the data  set - the SSNR requires the 
Four ier  t ransform to be evaluated for each image, 
which becomes increasingly laborious for large 
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Interactions between actin and myosin filaments, in skeletal
muscle visualized in frozen-hydrated thin sections
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*Computer Systems Laboratory, Division of Computer Research and Technology, *Laboratory of Physical Biology,
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Heidelberg, Federal Republic of Germany

ABSTRACT For the purpose of deter-
mining net interactions between actin
and myosin filaments in muscle cells,
perhaps the single most informative
view of the myofilament lattice is its
averaged axial projection. We have
studied frozen-hydrated transverse thin
sections with the goal of obtaining axial
projections that are not subject to the
limitations of conventional thin section-
ing (suspect preservation of native
structure) or of equatorial x-ray diffrac-
tion analysis (lack of experimental
phases). In principle, good preserva-
tion of native structure may be
achieved with fast freezing, followed by
low-dose electron imaging of unstained
vitrified cryosections. In practice, how-

ever, cryosections undergo large-scale
distortions, including irreversible com-
pression; furthermore, phase contrast
imaging results in a nonlinear relation-
ship between the projected density of
the specimen and the optical density of
the micrograph.

To overcome these limitations, we
have devised methods of image resto-
ration and generalized correlation aver-
aging, and applied them to cryosec-
tions of rabbit psoas fibers in both the
relaxed and rigor states. Thus visual-
ized, myosin filaments appear thicker
than actin filaments by a much smaller
margin than in conventional thin sec-
tions, and particularly so for rigor mus-
cle. This may result from a significant

fraction of the myosin S 1 -cross-bridges
averaging out in projection and thus
contributing only to the baseline of pro-
jected density. Entering rigor incurs a
loss of density from an annulus around
the myosin filament, with a compensat-
ing accumulation of density around the
actin filament. This redistribution of
mass represents attachment of the
fraction of cross-bridges that are visi-
ble above background. Myosin fila-
ments in the "nonoverlap" zone
appear to broaden on entering rigor,
suggesting that, on deprivation of ATP,
cross-bridges in situ move outwards
even without actin in their immediate
proximity.

INTRODUCTION

According to the "sliding filament" theory (1-3), muscles
contract and force is generated by a molecular mecha-
nism whereby two interdigitating systems of inextensible
protein filaments slide past each other into a condition of
greater overlap. Each contractile unit (sarcomere) con-
tains an aligned bundle of "thick" myosin filaments, with
the "thin" actin filaments inserted between them. Later-
ally, the myosin filaments are packed in a hexagonal
array, with the actin filaments positioned (in the case of
vertebrate skeletal muscle) at the trigonal points of this
myosin-based lattice. It is, by now, widely accepted that
force generation is mediated by "cross-bridges" that
protrude from the backbones of the myosin filaments and
couple transiently with adjacent actin filaments. How-
ever, many details remain obscure (4). For instance, the
numbers of distinct conformational states that may be
assumed by cross-bridges, as well as the fractional occu-

A. W. McDowall's present address is Howard Hughes Medical Insti-
tute, 5323 Harry Hynes Blvd., Dallas, TX 75325.
J. Dubochet's present address is Centre de Microscopie Electronique, 27
Rue du Bugnon, CH- 1005 Lausanne, Switzerland.

pancies of these states, have still to be pinned down for
both relaxed and activated muscles.

For the purpose of inferring net interfilament interac-
tions in the myofilament lattice, perhaps the most reveal-
ing single view of this complex three-dimensional matrix
is its axial projection. Two experimental approaches,
equatorial x-ray fiber diffraction analysis (e.g. references
5-10) and electron microscopy of transverse thin sections
(e.g. references 6, 11, 12), have been extensively used to
obtain representations of this view. Both have characteris-
tic advantages and limitations. With x-ray diffraction, the
map of projected density is obtained by Fourier synthesis,
combining experimental amplitudes with phases that are
assigned indirectly, usually by modeling. Such maps have
the advantage that the x-ray data are obtained from
native muscle; on the other hand, their phases are not
experimentally determined quantities, and the values of
the amplitudes extracted from equatorial intensity traces
depend, to some extent, on assumptions about the back-
ground subtraction. Moreover, the resulting map is a total
axial average that coprojects regions of the A band where
the myosin and actin filaments overlap with regions where
they do not. In electron micrographs of transverse thin
sections, the issue of phase ambiguity does not arise, and
different axial levels within the sarcomere may be sam-
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"for developing cryo-electron microscopy for the high-resolution 
structure determination of biomolecules in solution"
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