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The ribosome is the protein synthetic machinery in the cell. Knowl-
edge of the structures of ribosomal RNA (rRNA) macromolecules in sifu is
essential to understanding their roles in ribosome mediated protein synthe-
sis. We are using a microanalytical technique that identifies and maps
elements directly, electron spectroscopic i imagmg * o determine the rRNA
phosphorus distributions within Escherichia cofi ribosomal subunits, and to
combine the two-dimensional maps into a three-dimensional aiemental
distribution by iterative quaternion-assisted angular reconstitution'" of ribo-
somal particles at random orientations.

Elemental phosphorus maps represent the path of the nucleic
acid backbone within nucleoprotein complexes."***" Nucleic acids (DNA,
RNA) have phosphate backbones, while proteins generally have much less
phosphorus. In E. cofi, a prokaryote, ribosomal proteins are not phosphory-
lated at all. Localisation of rRNA in bath the large and the small ribosomal
subunits of this organism was demonstrated to be feasible over a decade
ago by either electron spectroscopic 1mag|ng ‘or scanning transmlssmn
electron microscopy.™ Our approach to electron spectroscopic |mag|ng
has a very high sensitivity, being capable of easily detecting the 300
phospharus atoms in a smgle nucleosome with a lower detection limit of
about 30 phosphorus atoms.*** Briefly, images are formed using electrons
with a narrow range of energy losses caused by specific inner shell
ionisation interactions within the specimen. An image formed by 1508 eV
energy loss electrons, in addition to the mass distribution, is augmented by
a phosphorus signal because it also contains the L, , ionisation peak of this
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element. These 150+8 eV loss images thus present nucleic acid ccntammg
regions with enhanced contrast without the need for exogenous heavy metal o
stains or shadowing. A background image using 1008 eV loss electrons =
represents a non-specific mass distribution (of both protein and nucleic acid) of
the sample. Computational subtraction of the 100 eV loss image from the 1580 2 w
eV loss image, after correction for exposure differences and film fog, can be &
used to form the net phosphorus (NetP) map of the specimen.

A recent advance which permits such images to be used to determine &
the three-dimensional structure of ribonucleoprotein complexes is based on the &
principle of common axis mediated angular reconstitution.' The quaternion-
assisted angular reconstitution implementation that we utilise has bsen applied ol
recently to structure determination of numerous proteins and nucleoproteins.*” g
In 15028 eV loss images of quick-frozen and freeze-dried E. colff ribosomal &
subunits, individual complexes within these images lie at essentially random S
orientations with respect to each other. Quaternion-assisted angular reconstitu- = a
tion is used to determine the relative angular orientations amongst d|fferent‘<
particles, enabling subsequent three-dimensional recenstruction. This method is 3
robust in that it works well with relatively noisy individual images, allowing theg
use of smaller data sets. Three-dimensional reconstructions are then performed &
using a conventional algorithm of filtered back-projection. The three-dimensional 2
reconstructions are then displayed and rotated interactively using INSIGHT 112
(BioSym Inc., Parsippany, NJ) molecular graphics software.

In the Cover Figure, the 1508 eV loss reconstructions of both &
subunits are merged computationally fo give a representation of the whole
ribasome with the large and small subunits positioned as they would be during
translation. There is a large cenfral cavity which provides sufficient room to
contain 2 or 3 molecules of fransfer RNA (tRNA) and the necessary ancillary
protein factors. The cavity is also accessible to the exterior for admission and
egress of these small macromolecules. The messenger RNA (MRNA) can pass
through the hole in the neck of the NetP reconstruction of the small subunit, in
full agresment with the interpretations of cryoelectron microscopical reconstruc-
tions.” The hole in the back of the reconstructions of the large subunit can
potentially be the outlet for the nascent polypeptide.

In spite of the higher irradiation demands of electron spectroscopic
imaging not only for localizing, but also for identifying the phasphorus signal, the
overall structures of the subunits in mass density and phosphorus reconstruc-
tions are consistent with features of cryoelectron microscopical reconstructions
of the whole ribosome.” Although phosphorus mapping of £. coli ribosomel
subunits has been repeatedly demonstrated for over a decade, the present
three-dimensional rRNA distributions in conjunction with the overall reconstruc-
tions are the first to be achieved for this nucleoprotein complex. This work
demonstrates the potential of the combination of microanalytical electron spec-
troscapic imaging with computerized reconstruction for the study of the three-
dimensional structures of other nucleoprotein complexes. ™
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