Lawrence Berkeley National Laboratory
Recent Work

Title

APPLICATION OF ELECTRON DIFFRACTION TO PROBLEMS IN BIOLOGICAL ELECTRON
MICROSCOPY

Permalink

https://escholarship.org/uc/item/5hf8s7xx

Authors
Glaeser, R.M.
Thomas, G.

Christensen, R.

Publication Date
1968-06-12

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/5hf8s7xx
https://escholarship.org/uc/item/5hf8s7xx#author
https://escholarship.org
http://www.cdlib.org/

. RECJE&VEE}
G mfmw m&mﬁ%‘f ,f |

» e , UCRL18293
SRArE S LG ARy e ?7 9?;

i) RS :
4
Lo e

Unwerslty of Cahfom;a
_j“f‘/':;Ernest 0 Lawrence
- iIJi*“,;,adlatlon Labarato

TWO-WEEK LOAN COPY

This is a Library Circulating Copy
which may be borrowed for two weeks.
For a personal retention copy, call
Tech. Info. Division, Ext. 5545

. 5 ,":APPLICATION oF ELECTRON DIFFRACTION =
g T0 PROBLEMS IN.BIOLOGICAL ELECTRON. mcnoscopv

R, M Glaeser G Thomas, R Chnstensen, and W G. Brammer

. TN Ve O TR 3 3 ,
G B f - = ( L e o . .

3‘"“5' 12, 1953'

LAWRENCE

/. California

mcﬂ umﬁmé SECTI



DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this'document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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R. M. Glaeser,T G. Thomas,i R. Christensen,f and W. G. Brammer**

Lawrence Radiation Laboratory
University of California
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June 12, 1968

The role of elastic (Bragg) scattering in relation to contrast and advanced electron microscopy of biological
materials has not been investigated in the detail that is now common with inorganic crystals. It is the object of this
paper to demonstrate the application of selected area diffraction, dark field imaging, and low angle Fourier contrast
to biological materials. Essential differences between the mechanisms of diffraction image-contrast are due to the
larger lattice spacings in biological structures, which invariably result in Fourier image contrast. Crystals with spac-
ings greater than 104 can be expected to show Fourier contrast under normal microscope operations.

Samples of crystalline amino acids were grown by solvent evaporation on formvar-coated specimen grids.
Specimen grids were scanned and selected on the basis of appearance in a polarization-optical microscope (see Fig. 1).
All crystalline amino acids tested were extremely sensitive to damage in the electron beam. Best results were ob-
tained with £-valine. With both condenser lenses set at near-maximum excitation, and by use of 2 100 um diameter
(or smaller) condenser aperture it was observed that the diffraction pattern remained apparently unchanged over
periods of 15 min and longer. Figure 2 is one example of a symmetrical spot pattern. After calibration of the
camera constant and evaluation of the pattern, the orientation is consistent with the (hkO0) reciprocal lattice plane.
The values a = 9.70(+0.02)& , b = 5.31(*0.02)& are consistent with the reported monoclinic unit cell of £-valine
[Tsuboi, Takenishi, and Iitaka: Bull. Chem. Soc., Japan 32, 305 (1959)].

Figures 3 and 4 show non-Fourier diffraction contrast, in the form of extinction contours, obtained by ex-
cluding from the image either the diffracted beams (bright field image, Fig. 3) or the transmitted beam (dark field
image, Fig. 4). These contrast effects were only photographed at low levels of illumination by using an image in-
tensifier commercially available for the AEI electron microscope. For spacial periodicities much greater than 104,
it will be impossible to exclude diffracted beams from the image because the reflections fall within the volume of the
transmitted beam. In these cases Fourier images always result, and low angle techniques must be used to investigate
the diffraction pattern. Examples of such effects will be shown with polystyrene spheres and with striated muscle.

When specimens such as valine are observed by the selected area diffraction mode it is possible to make a semi-
quantitative study of the rate of structural deterioration as a function of the level of illumination. In this way it is
possible to reveal dynamic changes at a structural scale much less than the resolving power of the electron micro-
scope. This investigation clearly indicated that a major reason why biological specimens such as proteins, viruses,
etc. do not show useful contrast at the level of 10-20& may be that the structure itself can be randomized by high
levels of illumination. Thus selected area diffraction provides a useful way to evaluate the potential utility of image
intensifiers, high voltage electron microscopes, and other devices which attempt to reduce damage to biological spec-

imens.

*Supported in part by the U.S.A.E.C. and the U.S.P.H.S.
" Division of Medical Physics and Donner Laboratery.
iDepen-tmenl: of Mineral Technology and Inorganic Materials Research Laboratory, Lawrence Radiation
L:boratory, University of California, Berkeley.
Picker Nuclear, White Plains, New York.
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XBB 684-1971-A

Fig. 1. Photomicrograph of crystalline 1-valine mounted on an
electron microscope specimen grid. Polarization optics.
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XBB 684-1969

Fig. 2. Selected area electron diffraction pattern showing the
symmetrical hk0 plane of reciprocal space, 1-valine.
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XBB 684-1975-A

Fig. 3. Bright-field illumination electron micrograph of crystalline
1-valine, showing extinction contours due to Bragg scattering.
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XBB 684-1974-A

Fig. 4. Dark-field illumination electron micrograph of crystalline
1-valine using the corresponding Bragg ref%ections excited in
Fig. 3. Note reversal ofp contrast.



This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:

A,

Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.

As used in the above, "person acting on behalf of the

Commission" includes any employee or contractor of the Com-

mission,

or employee of such contractor, to the extent that

such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access

to,

any information pursuant to his employment or contract

with the Commission, or his employment with such contractor.
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