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One type of cell-cell contact is a gap junction.  Gap junctions are critical in coordinating responses,
regulating cell ensembles, helping to synchronizing the action of neurons, transporting second
messenger molecules and removing of secreted ions.  The term “gap junction” refers to a cellular
structure containing multiple intercellular channels spanning the two plasma membranes and the
narrow extracellular “gap” that separates them. Gap junctions were one of the first specimens
examined by electron crystallographic methods, however, the overwhelming majority of these in situ
crystals have good short range order combined with long range disorder that results in coherent
diffraction data only to about ~15-25 Å (as recently reviewed in [1]).  As a result, the number of
published 3D structures obtained at > 10 Å is one [2]. Reconstitution into two-dimensional crystals is
possible [3], however, we have found that there are classes of interesting mutants where the hexamer
or dodecamer is stable when held within the membrane, but dissociate upon detergent solubilization
[4].  For these mutants, crystallization for a high resolution crystal form will never be possible.  In
addition, we are using AFM as a tool for probing conformational changes that occur with treatments
known to close gap junction channels [5] and want to correlate the AFM surface views with which
part of the 3D structure moves during this conformational change.  Therefore, we are working to re-
invent image processing procedures that would allow us to obtain structural data from these locally
ordered lattices.

Two reconstruction methods, single particle and tomographic reconstruction, hold promise for
delivering 3D structural results that are not dependent on long-range lattice order.  These approaches
would be based on a combining 3D reconstruction methodology with crystallographic averaging
prior to single particle averaging or crystallographic averaging after tomographic reconstruction.
Recently, a new tomographic reconstruction algorithm shows great promise for higher resolution
reconstruction [6].  Here, we describe our efforts in developing hybrid methods of image processing
combining crystallographic information with single particle reconstruction methods.  Our initial
strategy for the correlation averaging follows that outlined in [7, 8] and uses projection matching to a
model to calculate the 3D Euler angles that allow for accurate back projection of the images to a 3D
structure. For our trial experiments, we used our hemichannel reconstruction [9] and original image
data to test this processing scheme.  This data set has two advantages: 1) the 41 images contain tilt
data between ~ ±60° and approximates a good range of Euler angle values and 2) a structure that we
can compare differences in structural features between the two methods. The initial alignment model
used was either the crystallographically determined structure or a generalized model of a six plus one
sphere arrangement.  As is common in single particle reconstruction, subsequent cycles of
refinement used the average from the previous cycle as the reference.

One of the critical goals is to be able to generate 3D structures from a set of images that can be done
in either in a semi-automated manner in a high-throughput manner. As a result, we have incorporated
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development of programs and procedures within the EMAN package, a well-known package for
single particle reconstruction [10]. We have developed a much improved version for correlation
averaging using a program called QINDEX.  This program displays almost real time diffraction
patterns of sub-areas, calculates a lattice filtered reference image, calculates the cross-correlation
map, selects the highest correlating areas and finally, writes out the coordinates of those areas for
boxing by the EMAN program, BOXER.  Since the local lattice serves to physically translationally
align the channels, boxed particles can simply be averaged and then treated as class averages in a
traditional single particle reconstruction scheme.  A flowchart and sample results is shown in Fig. 1.
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Fig. 1 (A) Flowchart illustrating steps and EMAN programs used in this new 3D reconstruction
schema.  (B) Crystallographically derived 3D structure from this sample data set [9]. (C) Set of
“class averages” from correlation averaging.  (D) Initial model for alignment. (E) Distribution of
Euler angles in this data set. (F) Sample 3D reconstruction using this procedure.

377 CD377 CDMicrosc Microanal 12(Supp 2), 2006

https://doi.org/10.1017/S143192760606939X Published online by Cambridge University Press

https://doi.org/10.1017/S143192760606939X

