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Long term report September 99 – October 2001
We had observed the first diffraction spots to 4Å from our rhodopsin crystals when we
submitted the long-term proposal. Over the past 18 months we have made six visits to ID13
(18 shifts) and have seen gradual improvements in resolution. We summarise here the work
carried out in each visit:
1. 5-6/9/99:
We screened for conditions giving better diffraction, and found that using
certain detergents as additives improved diffraction in the direction perpendicular to the
needle. We collected our first complete native data sets each from a single crystal.
2. 18-19/2/00:
We carried out more detergent screens and found one that worked most
consistently. We started screening for heavy atom derivatives. Our first trials were with
Hg, Pt and Xe. With dedicated help from the beamline scientist Manfred Burghammer,
we were able to collect complete data sets from several potential derivative crystals, each
at the L(III) edge of the heavy atom.
3. 25-26/2/00:
We continued our derivative search using Hg and Au compounds both on
crystals of native and enzymatically modified rhodopsin.
4. 17-18/6/00:
We started trying stabilising conditions on the crystals in our efforts to
reduce variability in the heavy atom soaked crystals. And we found conditions that made
the spots sharp perpendicular to the needle axis. Because of the severe non-isomorphism
between native and derivative crystals, we attempted double heavy atom soaks with Hg
and W, aiming to find isomorphous pairs between the doubly and singly soaked crystals.
In another attempt to achieve isomorphism we also collected data of the same derivative at

two wavelengths above and below the L(III) edge. Also tested effects of different
temperature growing conditions.
5. 20-21/7/00:
By this stage our derivatives were diffracting to higher resolution
than our natives, so we went back to the native conditions to try and improve resolution.
6. 30-31/10/00: Further modified growth conditions gave us native crystals that diffracted
to 2.6Å, which was the best we had ever seen. We collected complete data sets on these
crystals.
Conclusion:
Our rhodopsin crystals belong to the space group P3(1). The cell dimensions for the native
crystals are a=b=103.8Å, c=76.6Å with two molecules in the asymmetric unit. Over the
course of the long term project we have steadily improved the resolution limit from 4Å, with
an Rmerge of 17%, to 2.6Å, with an Rmerge of 11%. We have now solved this structure by
molecular replacement and cross-crystal averaging of non-isomorphous native and derivative
forms.
It has been a very difficult project for a number of reasons. The rhodopsin crystals grow as
needles less than 40µm in cross-section but up to 0.4 mm long. The micro-focused beam on
ID13 with the option of either a 10µm or 30µm aperture was essential for adequate signal-tobackground ratio. The diffraction limit varied from crystal to crystal and at different positions
along the crystal. Furthermore beam damage in such small crystals was severe, so that often
no more than 30˚ of data could be collected at a single position on the crystal. On ID13 when
we have found a crystal that diffracts well at one position, the micro-diffractometer set up
allowed us to translate along the needle axis and collect all the useful data. The optics on the
diffractometer is excellent and assured good centring of very small crystals. Without all these
advance technical features many of our data sets could not have been obtained.
Anisotropic diffraction limit was a serious problem at the start of this long-term project.
However, by using detergent additives and improving the stabilising protocol during the
freezing, we have finally observed diffraction to 2.6Å in all directions, even though the
diffraction perpendicular to the needle axis was still more radiation sensitive than that along
the needle.
Occasionally crystals suffered from merohedral twinning. Because beam damage forced us
to merge data collected from multiple crystals, twinning in one crystal could prevent us from
obtaining complete data. This was particularly damaging for heavy atom derivative data.
Our crystals soaked in heavy atom solutions showed unusually large non-isomorphism to the
native crystals, with unit cell changes of 4-14Å along the a-axis. This has prevented us from
solving the structure by the isomorphous replacement method. Nevertheless, we have turned
the non-isomorphism to advantage by carrying out cross-crystal averaging, which has
contributed significantly to removing the model bias in the molecular replacement from a
published model for the P4(1) crystal form at a lower resolution.
Long-term access to the ID13 facilities was essential to the success of this project. We would
like to thank Manfred Burghammer and Christian Riekel for their support and expertise.

