3D Reconstruction Of Non-icosahedral Components Of Virus Particles
Wen Jiang, Program in Structural and Computational Biology and Molecular Biophysics,

Baylor College of Medicine, Houston, TX

Electron cryo-microscopy has been very successful in solving the structure of spherical viruses to ~8Å resolution. We use electron microscope to take projection images of the viruses embedded in vitreous ice, process the images to find the orientations for the particle images, and merge all the particle 2D images to reconstruct the 3D density map of the studied viruses. Due to the low dose condition used to minimize the radiation damage to the sample and to preserve the high resolution structure details, large number of images are used to overcome the noises existing in the images and to get high resolution reconstruction. Classic reconstruction algorithm takes advantage of the icosahedral symmetry (60 fold) usually existing for the spherical virus capsids to greatly enhance the signal to noise ratio; However, there are non-icosahedral components such as viral genome, machinery for packaging/releasing viral genome could not be solved with this icosahedral symmetry averaging. We are working on new hybrid algorithm that would reconstruct the non-icosahedral components at ~8Å without assuming the high icosahedral symmetry. One immediate result of this algorithm is the requirements of much large data set and much more computing resource than the classic icosahedral reconstruction needs. For example, for the bacteriophage P22 project, we estimate that it needs around 10,000 particles of 256x256 pixels to reach 8Å resolution of classic icosahedral 3D reconstruction, and the raw data alone would take 2.6GB. The relaxing of 60 fold icosahedral symmetry assumption for the non-icosahedral components would at least need 60 times more data (157GB) to reach similar resolution. For every cycle of processing, each particle image requires about 5 minutes of CPU time on a SGI R10000 prior to the final data merging and reconstruction step. The CPU time needed would be about 1 month for icosahedral processing and about 69 months for non-icosahedral processing. The last data merging and reconstruction step also involves Fourier-Bessel transforms and large matrix eigen-analysis which require large memory usages and lengthy computing. To be able to process the data in reasonable time frame, we are looking forward to implement the software to run on large number of processors in parallel on distributed memory architectural computers. 

