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Electron diffraction (ED) allows reliable identification of structure and orientation of crystalline 
samples.  For  biological/protein  crystals  with  lattice  (dhkl)  from  a  few  nm  to  a  few  tens  nm  the 
microscope  camera  length  needs  to  be  significantly  increased.  Thus,   Fourier  Transform (FT)  of 
HRTEM images rather than ED have generally been used to retrieve structural information from such 
samples. Advantages of ED over HRTEM imaging include: 1) reduced irradiation dose; 2) ED can 
tolerate increased sample thickness; 3) the intensity of the ED spots is not affected by lens aberrations; 
4) ED can tolerate sample drift [1]. Typical TEM lens settings are for camera length L = 10 to 300 cm, 
a good choice for a dhkl from 0.1 nm to 1 nm acquired at CCD camera or at the film plane. Here we 
show electron diffraction patterns from biological 2D crystals with large dhkl  (lattice parameter a = 34 
nm, b = 7.1 nm) in a JEOL 2200 FS TEM. Furthermore we show tomography results that demonstrate 
that the 2D crystals exhibit significant bending.

The  2D  protein  crystals  are  prepared  from  proteoliposome  vesicles  of  co-reconstituted 
sarcoplasmic  reticulum  Ca2+-ATPase  and  phospholamban  proteins [2]. The  2D  crystals  lateral 
dimensions exceed 500 nm. In addition to the large dhkl of the lattice of the 2D protein crystals, inherent 
disorder and radiation sensitivity limit information transfer based on HRTEM alone. Standard imaging, 
FT analysis, and lattice unbending of crystals is limited by poor phase residuals and low amplitudes for 
spacing below about 0.8 nm. 

The maximum standard camera length of the JEOL 2200 FS is 250 cm, too small to obtain ED 
from the 2D crystals. In free lens control mode, longer camera lengths can be achieved by increasing 
excitation  of  intermediate  lens  I2  and I4  and decreasing  I3 excitation  while  using I1  to  keep  the 
diffraction pattern in focus. Isochromaticity can be maintained to obtain energy-filtered ED.

Figure 1 shows an energy-filtered HRTEM image of a negatively-stained crystal, with its FT 
and a  low magnification  bright  field  image shown in  inserts.  Figure  2  shows an  ED of  a  crystal 
recorded on a CCD camera with approximately L = 1300 cm. Longer camera lengths can be achieved 
on  an  image  plate  media  located  at  the  bottom of  the  microscope  without  resorting  to  Migley's 
technique [3].

Tomography of a negatively-stained 2D crystal was also performed to visualize crystal bending. 
The  sample  was  tilted  from -60  to  60  degrees  with  2  degree  step.  Even  though  the  crystal  was 
negatively stained,  the  sample was kept  at  cryo  temperature  (-180C with LN2)  to  minimize beam 
damage. The crystal lattice was still well resolved following collection of the tilt series. Reconstruction 
was done by JEOL TEMographyTM  [4]. Figure 3 shows an image of the crystal at 0 degree tilt and 
Figure 4 shows two views of the reconstructed tomogram. Figure 4 clearly shows that the crystal is 
bent,  which  provides  a  framework  for  validating  traditional  methods  structure  determination  by 
HRTEM imaging. Some of our future goals include: zero-loss (energy-filtered) electron diffraction, and 
tilted diffraction series of 2D protein crystals in the frozen-hydrated state.
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Figure 1: EFTEM (ZLP with 10eV window) image of a 
negatively stained 2D crystal. Inserts are its FT image (left) 
and a low magnification image (right). The area marked 
with a rectangle in (right)  is shown in the full-size image.

Figure 2: An electron diffraction pattern from the crystal 
using FLC mode and a camera length of approximately 13 
meters.

Figure 3: A TEM image of an untilted crystal which was 
subsequently used for tomographic reconstruction. The area 
within the red box was reconstructed. The crystal lattice was 
well resolved after recording the image tilt series. 

Figure 4: Reconstructed tomogram of the crystal showing 
the en face (left) and side (right) views. The side view of the 
tomogram clearly shows that the crystal is not flat. 
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