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Report:

The main aim of our experiment was to investigatka sharp isotropic reflections observed usingraai
focused beam in the low angle X-ray patterns ofcsbpns occurred in other cephalopods, octopus and
cuttlefish, and other aquatic species with a végh lerystallin protein concentration.

Our experiments were conducted on beam line I0FE&sh squid, cuttlefish, octopus lenses were disdec
on site from samples bought at the market in Griendthe lenses were wrapped in cling film to avoid
dehydration and placed in specimen holders witramyindows. 2D scans were performed on; two squid,
two octopus, two cuttlefish and three salmon lenisethe case of the cephalopod bi-segmented contpou
lenses, one scan was performed with the X-ray bmEmaxial with the X-ray beam, and one at right asdb
it. The size and spatial resolution of each scasm determined by the size of the individual lens tadtime
available.

These scan revealed that the intense linear Xeflgctions observed using micro-focus beam in stgnd is
also present in the cephalopod lenses of octopdis@tiefish, but do have different spacings. As an
example, in the squid lens this reflection indexma spacing of between 22.2 and 22.4 nm. Inefigh,
these spacings in cuttlefish gave a range of b71B1t3 nm. In all the cephalopod lenses the intenfse
function, whose spacing arises from the neareghbeur spacing of the crystallin proteins situatdth in
the lens fibre cells, have a similar ranges oft6.8.7 nm form the periphery of the lens to thet@emhese
measurements are consistent with the refractivexiggadient found within these lenes.

In our previous proposal we thought that the linsatropic reflections may well be unique to cepipaid
lenses. To test this assertion, we also investigsdémon lenses, Figure 1a) shows a single X-rdgnma
from such a lens. The circular interference funcaod linear isotropic reflections (parallel wittetmeridian
in this case) may clearly be seen. The whole 2b &8& 8 mm, with a spatial resolution of 20 micsph600
exposures in total) is shown in Figure 1 b). Dua technical problem with the sample stage atithe &nd
the size of the lens, exposures of the final thoges of the scan were unable to be taken. It megrisi be
seen intensities of the patterns located in th&reer the scan are lower than then the rest (ghise same



for all the lenses species studied). This is dubeorery high gamma-crystallin protein concentrafiound
in the nucleus of fish lens (and S-crystallin ie ttase of cephalopods). Also there is probablglada
electron contrast in this region being consisteith there being less water at higher protein cotreéons.
The inset to Figurel b) show a closer view of Gasafe patterns in which the interference functiod a
isotropic reflections can be seen. The isotroglecgons clearly rotate through out the scan. Our
interpretation of these reflections is that they @guatorial and arise from the orientation ofiéms fibres,
the rotation being consistent with their concendtrcicture. As a comparison, a central section2id &can
of the posterior section of a squid lens is shawhigure 2 in which the rotation of the isotropaflections
may also be seen.

We have had some technical difficulties with th& D software in compiling some of the scans from
octopus and cuttlefish. We are currently receiasgistance from the beam line staff of ID13 wiik tising
the Soft Matter groups much more sophisticated\so#t. Therefore data analysis is still on goingdor
data. We plan to publish our findings soon. .

We have demonstrated that we are able to map hetation and spacings of lens fibres of differagaatic
species using the micro focus beam on ID13. Thesim@ortant implications for measuring the struatand
functional relationship of both the lens fibres a@hnelir protein concentration in the development gravth
of different species and also in measuring these@bs lens disorders such as opacification andacata
a
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Figure 1. a)a single X-ray patternsfrom a salmon lens b) a 2D scan showing differencesin contrast; c¢) selected
patter ns showing how details of interference function and changing orientation of isotropic reflections
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Figure 2. A central section of a 2D scan of the posterior section of a squid lens



