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Algebraic direct methods for few-atoms structures (Hauptman et al. (2002). Acta Cryst. A58, 361-369) are 
generalized for few-macromolecules structures, with perhaps thousands of independent protein atoms 
inside, and liquid-like solvent molecules outside, the macromolecular envelopes. At dmin ~15 Å envelope 
resolution, macromolecular structures can be approximated by constant density inside, and zero density 
outside, the macromolecular envelope, and under that approximation, we introduce an algebraic direct 
phasing technique based on iteratively populating m points of a three-dimensional uniform density grid. 
The structure factor, 
   Fh = j gH, j exp [2 ihT(tj + Rjrc)]  (j = 1,nsym ), 
is a function of the m-point grid centroid rc and the m-point, uniform-grid-density macromolecular 
scattering factor, 
   gh, j = m–1/2 k exp [2 ihTRj(rk – rc)]  (k = 1,mgrid). 
The analysis leads to a minimal function for structure invariant structure factor triples. Test calculations for 
glyceraldehyde-3-phosphate dehydrogenase (PDB 4gpd) with 47 reflections measured to 20 Å resolution 
yield a molecular envelope image with ~65° average phase error. 
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