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X-ray Diffraction of the Live Firefly Squid Retina
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*Faculty of Engineering Science, Osaka University, **Faculty of Science, Osaka University

tAichi Prefectural University of Fine Arts and Music

The initial step of the visual process is the absorption of light by a visual pigment in the
photoreceptor cell, Unlike the vertebrate retina, the squid visual pigment is located in
microvilli which are cylindrical extensions of the cell membrane, arranged hexagonally
within the rhabdomere structures of the retinula cells. In previous studies of invertebrate
rhabdomes by X-12y diffraction, the retina, fixed by glutaraldehyde was used because thls
tissue disintegrated within an hour of dissection and more than ten hours exposure time

- was needed to record a diffraction pattern with conventional x-ray apparatus. In this study,
X- ray dlffractlon pattems from live firefly squid retina could be succcssfully obtamed by
- use of x-ray synchrotron radiation and the i image plate.

The diffraction spots were indexed on a two-dimensional hexagonal lattice of 60 nm.
X-ray data was analysed based on model building, in which the Patterson function gave us
very useful informations. The best- -fitting model showed a large gap between adjacent
microvilli (~12nm) which had been expected for ionic current flow through the
inter-microvillus space to generate the membrane potentlal whereas such a large gap has
not been observed with the chemlcally fixed retina. Also, the existence of massive

: lnter—mlcrovﬂlus material, scarcely observed by: conventional electronkmlcroscopy, has
been ‘confirmed,. The change of diffraction pattern was observed under light illumination.
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Figure.1
and a squid retinula cell (right).
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Schematic diagram of photoreceptor cells; a vertebrate rod cell (left)
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Figure.2 (a) Schematic diagram of a slice of squid

retina is represented. (b) Light micrograph of a
horizontal section through the outer segments, showing
the rectilinear cell mosaic (left). Pale areas are
cytoplasm and dark areas are microvilli. Electron
micrograph of a horizontal section showing the
orthogonal packing of the microvilli (right). (Courtesy of
M. Michinomae).
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Figure.3 Three kinds of chromophores found in the
visual pigments of the firefly squid (Watasenia
scintillans) photorecptor cells. A: Retinal (Vitamin A
aldehyde), B: 3-dehydroretinal and C: 4- hydroxyretinal.
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Figure.4 Schematic diagram of experimental arrangement for X-ray diffraction

experiments.
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Figure.5 The X-ray deffraction pattern from a slice of
live retina of the firefly squid. The (0, 1) and its
equivalent reflections are represented on a reduced
intensity scale within a small central box. The
background scattering was radially subtracted. The
exposure time was 5 min.
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Figure.6 (a) Lorentz-corrected intensity map obtained
from Figure 5. (b) The Patterson map obtained by the
direct Fourier transform of the observed X-ray
diffraction intensities up to (8nm) ~'. Negative contours
are shown as broken lines.
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Figure.7 Model construction of the photoreceptor outer segments. A: The
cross section of the rhabdome, in which the microvillar membrane (dotted
hexagon), cytoskeleton core (filled circle) and inter-microvillar material (open
circle) are positioned in a hexagonal lattice. B: The electron density profile
approximated by step functions, along the dashed line in A. The microvillar
membrane is assumed to have the bilayer electron distribution. The zero level
of electron density is set at the aqueous medium and the relative electron
densities are normalized to that of the hydrophilic region of the bilayer profile. In
the following models, ro=4.6nm (1.3), r,=6.2nm (0.9), r.=2.4nm (1.2) and 1,
=2.4nm (1.2), where the figure in parentheses stands for the relative electron
density. The electron density in the hydrohobic trough of bilayer membrane is

clese to the zero.
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Figure.8 (a) The initial model consists of microvillar
membranes and cytoskeletons. d=61.5nm. (b) The
diffraction intensity map calculated from this model.
R=0.73.
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Figure.8 A: The model without the inter-microvillus material but with smaller
microvillar membranes than Figure 8. d=50.6nm. The diffraction intensity map
(B) and the Patterson map (C) calculated based on the model (A). R=0.69.
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Figure.10 The diffraction intensity map (B) and the Patterson map (C)
calculated from the model (A) in which the inter-microvillous material is
considered. The diameters of microvilli are the same as Figure 9. R=0.57.
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Figure.11 The diffraction intensity map (B) and the Patterson map (C) of the
best-fit model (A), having a complicated structure for the inter-microvillus
material. The diameters of microvilli are the same as Figure 9. R=0.13.
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Figure.12 Dependences of the diffraction intensity (A) and the Patterson map
(B) on the size of microvilli. (a) d=52.8nm and R=0.28.(b) d=48.5nm and
R=0.29. Other parameters are the same as Figure 11.

Figure.13 The circular microvillar membrane model with a microvillus

diameter of 49 nm which corresponds to the hexagonal one shown in Figure 11.
R=0.15.
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Figure.14 Alignment of visual pigment chromophores
in photoreceptor microvilli. A heavy line within circle
shows the transiton moment of chromophore. (a)
Chromopheres can freely rotate about an axis
perpendicular to the microvillar membrane plane.
Dichroic ratio < 2: 1. (b) Chromophores align parallel to
the microvillar axis. Dichroic ratio > 2: 1.
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Figure.15 X-ray diffraction patterns in the dark (left)
and light (right).
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