Low-density lipoproteins (LDL) are macromolecular complexes involved in the intercellular transport of cholesterol and other lipids in mammals. The onset of the deadly disease atherosclerosis is thought to be initiated by LDL particles that are retained in the arterial wall due to structural modifications of the particle. Therefore, there is a need in understanding the 3D structure of LDL. Three-dimensional reconstructions of human LDL from electron cryomicroscopy studies have been reported. However, due to the heterogeneity of LDL particles, they were limited in resolution. In contrast, the physiology of lipoproteins is much simpler in insects than in humans. Insect lipoproteins comprise only two members: Low-Density Lipophorin (LDLp 1,500-2,500 kDa) and High-Density Lipophorin (HDLp 450 kDa). HDLp is the homologous of human LDL and contains two non-exchangeable apolipoproteins apoLp-I and –II, which derive from a common precursor homologous to the human apolipoprotein B. The goal of the present study is to elucidate the three-dimensional structure of lipophorins with special emphasis on the geometry of the different proteins within the particle.


HDLp particles were isolated from the hemolymph of Locusta migratoria and purified to homogeneity. The particles were subsequently subjected to negative staining with uranyl acetate. 3D reconstructions from a total of 11,550 particles were performed using the single-particle analysis software package EMAN. The 0.5 Fourier Shell Correlation between two models generated from each halves of the data set gave an estimation of the resolution at 18 Å. The resulting 3D model of HDLp revealed a rather oval-shaped particle with a groove present on one side of the particle along the long axis; the overall shape of the 3D model is reminiscent of a cowry shell or a coffee bean. Along the groove, a dome shaped protrusion confers a somewhat triangular form to the particle when viewed from aside. In the groove, the particle is open on the short side. The particle is hollow and discontinuously open along one third of the groove.


Preliminary analyses of electron cryoimages suggest that the overall shape of the particle is relatively similar to that observed by negative stain and indicate that the inner part of the particle has a lower density, which might be due to the presence of lipids. Further analysis of the 3D models obtained by the two methods is needed in order to validate the model obtained by negative staining.  If the negative stain reconstruction gives a sufficiently reliable model of the particle, it will be used as a technique in future studies to localize the two apolipoproteins and the lipids within the particle using antibody labeling.

These data suggest that the 3D structure of insect lipoprotein and human LDL have common features (oval shape, inner lower density). Because of these similarities and given the homogeneity of insect lipoproteins, insect lipoproteins represent a model of choice for structural analysis of lipoproteins.

