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Image processing algorithms have had a deep impact in Three-dimensional Electron 
Microscopy. The resolution achieved by structural studies using single particles is 
increasing and there is a hope of eventually achieving atomic resolution (50S and 70S 
subunits of E. Coli’s ribosome at 7.5Å7 and 11.5Å3 respectively, Semliki Forest virus’  
capsid at 9Å5, and GroEL at 11.5Å4). However, these high-resolution studies usually 
need a large number of projections besides a proper correction of the microscope 
Contrast Transfer Function (CTF). In this work, we show how imposition of constraints 
other than those determined by the projections together with a CTF correction can boost 
the resolution of the resulting volumes to a level which can only be obtained by a much 
larger number of projection images using the currently-standard approaches. 
 
The algorithm ART (Algebraic Reconstruction Technique) with blobs6 was modified to 
include a number of restrictions such as symmetry, occupied volume, macromolecular 
surface, and density nonnegativity. This kind of information is easily expressed in real 
space and the use of ART facilitates the incorporation of such conditions into the 
reconstruction process. These restrictions were applied iteratively and simultaneously to 
the reconstruction algorithm. 
 
This modified ART was also combined with the Iterative Data Refinement technique 
(IDR)1,8 for the CTF correction. The CTF was further adjusted based on a theoretical 
CTF model using a parametric ARMA spectral estimation10. Special attention was paid 
to the optimization of all parameters involved in the three-dimensional reconstruction. 
 
The efficacy of this approach was investigated using 1400 projections of the large T 
antigen of SV40 (LAT)9 obtained by cryomicroscopy. Figure 1 compares the results 
when the CTF correction provided by IDR and all the proposed restrictions were 
applied, with those when they were not. Figure 2 compares the corresponding 
resolutions computed by Fourier Shell Correlation2. It can be seen that the incorporation 
of the constraints together with the proposed CTF correction significantly improves the 
achieved. This is due to the fact that our proposed approach incorporates a priori 
information that imposes nonlinear and adaptative conditions as the reconstruction 
process progresses. Further improvements in resolution are expected with increasing the 
number of images to a level similar to that currently used in high-resolution studies. 
 
 
ACKNOWLEDGEMENTS 
This research has been partially supported by grants BIO98-0761, BIO2001-1237 and TIC990361 from 
the "Comisión Interministerial de Ciencia y Tecnología" of Spain and by NIH grant HL70472. 



REFERENCES 
1. Censor, Y., Elfving, T., Herman, G.T. (1985) Math. Meth. in Appl.Sci., 7:108-123. 
2. Frank, J. (1996) Academic Press, San Diego, CA, USA 
3. Gabashvili, I.S., Agrawal, R.K., Spahn, C.M., Grassucci, R.A., Sver-gun, D.I., Frank, J., Penczek, P. 

(2000) Cell, 100:537-549. 
4. Ludtke, S.J., Jakana, J., Song, J., Chuang, D.T., Chiu, W. (2001)  J. Mol. Biol., 314:253-262. 
5. Mancini, E., Clarke, M., Gowen, B., Rutten, T., Fuller S. (2000) Mol. Cell, 5(2):255-266. 
6. Marabini, R., Herman, G.T., Carazo J.M. (1998) Ultramic., 72:53-65. 
7. Mueller, F., Sommer, I., Baranov, P., Matadeen, R., Stoldt, M., Wohnert, J., Gorlach, M., van Heel, 

M., Brimacombe, R. (2000) J. Mol. Biol., 298(1):35-59. 
8. Sorzano, C.O.S., Fernández, J.J., Marabini, R., Herman, G.T., Censor, Y., Carazo J.M. (2002) Phys. 

Med. Biol. (under revision). 
9. Valle, M., Gruss, C., Halmer, L., Carazo, J.M., Donate, L. (2000) Mol. Cell. Biol., 20:34-41. 
10. Velazquez-Muriel, J.A., Sorzano, C.O.S., Fernández, J.J., Carazo, J.M (2002) Ultramic. (under 

revision). 
11.  Wikoff, W., Liljas, L., Duda, R., Tsuruta, H., Hendrix, R., Johnson, J. (2000) Science, 

289(5847):2129-2133. 

32Å 15Å 

Figure 2. Comparison of the Fourier 
Shell Correlation for the reconstructed 
volumes when combining the proposed 
restrictions (up to 15Å) and when they 
are not considered (up to 32Å). 
 

Figure 1. Isosurface representation of the LAT macromolecule when the 
proposed restrictions are not applied (left) and when they are (right) 
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