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 The lectures and lecture notes provide only an introduction to the principles and practice of image 
analysis.  They are NOT comprehensive.  An extensive set of optional 'reading' lists will guide you to 
references so you can obtain additional or more detailed descriptions of appropriate topics.  To maximize 
the value derived from this course, it is most helpful to supplement the lectures and lecture notes with outside 
reading.  Those references identified with the '•' symbol are recommended starting points. 
 
SYMMETRY 

Caspar, D. L. D. & Klug, A. (1962)  Physical principles in the construction of regular viruses.  Cold Spring 
Harb. Symp. Quant. Biol. 27:1-24. 

Caspar, D. L. D. (1964)  Design and assembly of organized biological structures. in molecular architecture 
in cell physiology (T. Hayashi & A. G. Szent-Gyorgyi, eds.) Prentice Hall, New Jersey pp. 191-207. 

Hanson, K. R. (1966)  Symmetry of protein oligomers formed by isologous association.  J. Mol. Biol. 
22:405-409. 

Klug, A. (1967)  The design of self-assembling systems of equal units. In Formation and Fate of Organelles 
(K. B. Warren, ed.) Academic Press, N. Y. pp. 1-18. 

• Klug, A. (1969)  Point groups and the design of aggregates. In Symmetry and Function of Biological 
Systems at the Macromolecular Level ( A. Engstrom & B. Strandberg, eds.) John Wiley & Sons, Inc., N. 
Y. pp. 425-436. 

Valentine, R. C. (1969)  Subunit arrangements in enzyme molecules as shown by electron microscopy. In 
Symmetry and Function of Biological Systems at the Macromolecular Level (A. Engstrom & B. 
Strandberg, eds.) John Wiley & Sons, Inc., N. Y. pp. 165-179. 

Buerger, M. J. (1971) In Introduction to crystal geometry, McGraw Hill Book Co., N. Y. 
Bernal, I., Hamilton, W. C. & Ricci, J. S. (1972) In Symmetry: A Spectroscopic Guide for Chemists, W. 

H. Freeman and Co., San Francisco. 
• Glusker, J. P. & Trueblood, K. N. (1972) In Crystal Structure Analysis: A Primer, Oxford Univ. Press, 

N. Y. pp. 70-79. 
Haschemeyer, R. H. & Haschemeyer, A. E. V. (1973)  Symmetry in protein structures. Chapter 16 In 

Proteins: A Guide to Study by Physical and Chemical Methods, John Wiley & Sons, N. Y. pp. 386-395. 
Matthews, B. W. & Bernhard, S. A. (1973)  Structure and symmetry of oligomeric enzymes.  Ann. Rev. 

Biophys. Bioeng. 2:257-317. 
• Eisenberg, D. & Crothers, D. (1979) In Physical Chemistry with Applications to the Life Sciences, 

Benjamin/Cummings Pub. Co., Inc., Menlo Park, Calif. pp. 749-797.  EXCELLENT! 
Cantor, C. R. & Schimmel, P. R. (1980) In Biophysical Chemistry, W. H. Freeman and Co., San 

Francisco, pp. 127-135,729-736. 
Moody, M. F. (1990)  Image analysis of electron micrographs. In Biophysical Electron Microscopy: Basic 

Concepts and Modern Techniques (P. W. Hawkes & U. Valdre, eds.) Academic Press, New York pp. 
147-149 (578.45 B524 & TSB). 
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CRYSTALS, DIFFRACTION THEORY, AND FOURIER TRANSFORMS 

Eisenberg & Crothers or Glusker & Trueblood are both excellent.  Most of the remaining references are 
books, from which additional detailed information can be obtained.  Holmes & Blow, Wilson, and 
McPherson are excellent reviews on diffraction methods and crystallography. 

Bracewell, R. M. (1965) In The Fourier Transform and its Applications, McGraw-Hill, N. Y.. 
Braddick, H. J. J. (1965) In Vibrations, Waves and Diffraction, McGraw-Hill, N. Y.. 
• Holmes, K. C. & Blow, D. M. (1965) The use of X-ray diffraction in the study of protein and nucleic acid 

structure.  Meth. Biochem. Anal. 13:113-239. 
• Wilson, H. R. (1966) In Diffraction of X-rays by Proteins, Nucleic Acids and Viruses, Edward Arnold 

Pub. Ltd., London. 
Papoulis, A. (1968) In Systems and Transforms with Applications in Optics, McGraw-Hill, N. Y.. 
• Glusker, J. P. & Trueblood, K. N. (1972) In Crystal Structure Analysis: A Primer, Oxford Univ. Press, 

N. Y. pp. 3-34. 
Blundell, T. L. & Johnson, L. N. (1976) In Protein Crystallography, Academic Press, N. Y.. 
• McPherson, A. Jr. (1976) The analysis of biological structure with X-ray diffraction techniques.  Princ. 

Tech. Elec. Microsc. (M. A. Hayat, ed.) 6:117-240 (578.4 H323p). 
Sherwood, D. (1976) In Crystals, X-rays and Proteins, John Wiley & Sons, N. Y.. 
• Eisenberg, D. & Crothers, D. (1979) In Physical Chemistry with Applications to the Life Sciences, 

Benjamin/Cummings Pub. Co., Inc., Menlo Park, Calif. pp. 798-846. 
Cantor, C. R. & Schimmel, P. R. (1980) In Biophysical Chemistry, W. H. Freeman and Co., San 

Francisco, pp. 687-791. 
Vainshtein, B. K. (1981) In Modern crystallography I: Symmetry of crystals.  Methods of structural 

crystallography, Springer-Verlag, Berlin, pp. 27-179. 
Ten Eyck, L. F. (1985) Fast Fourier transform calculation of electron density maps.  Meth. Enzym. 

115:324-337. 
Bracewell, R. M. (1989) The Fourier Transform.  Sci. Amer. June:86-95. 
Moody, M. F. (1990) Image analysis of electron micrographs, In Biophysical Electron Microscopy: Basic 

Concepts and Modern Techniques (P. W. Hawkes & U. Valdre, eds.) Academic Press, New York, pp. 
149-170 (578.45 B524 & TSB). 

McRee, D. E. (1993) In Practical Protein Crystallography, Academic Press, San Diego (574.19245 M246p 
1993 & TSB). 

Rhodes, G. (1993) In Crystallography Made Crystal Clear, Academic Press, N.Y. (547.75046 R346c 1993 & 
TSB). 

Allewell, N. M. & Trikha, J. (1995) Diffraction methods.  In Introduction to Biophysical Methods for 
Protein and Nucleic Acid Research (J. A. Glasel & M. P. Deutscher, eds.) Academic Press, New York, 
pp. 381-431 (574.19245 In89 1995 & TSB). 
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IMAGE ANALYSIS  
General References 

• Lake, J. A. (1972)  Biological studies. In  Optical Transforms (H. Lipson, ed.) Academic Press pp. 153-
188. 

• Amos, L. A. (1974)  Image analysis of macromolecular structures. J. Microsc. 100:143-152. 
• Crowther, R. A. & Klug, A. (1975)  Structural analysis of macromolecular assemblies by image 

reconstruction from electron micrographs. Ann. Rev. Biochem. 44:161-182. 
Baumeister, W. (1978)  Biological horizons in molecular microscopy. Cytobiologie 17:246-297. 
Misell, D. L. (1978)  Image analysis, enhancement and interpretation. Pract. Meth. Elec. Microsc. (A. M. 

Glauert, ed.) 7:1-305. (502.8 P881 & TSB).  Comprehensive book. 
Frank, J. (1979)  Image analysis in electron microscopy. J. Microsc. 117:25-38. 
Klug, A. (1979)  Image analysis and reconstruction in the electron microscopy of biological 

macromolecules. Chemica Scripta 14:245-256. 
Baker, T. S. (1981)  Image processing of biological specimens: A bibliography. Elec. Microsc. Biol. 

1:189-290. 
• Moody, M. F. (1990)  Image analysis of electron micrographs. In Biophysical Electron Microscopy: 

Basic Concepts and Modern Techniques (P. W. Hawkes & U. Valdre, eds.) Academic Press, New 
York pp. 145-287 (578.45 B524 & TSB). 

 

A. Optical Diffraction 

• Klug, A. & Berger, J. E. (1964)  An optical method for the analysis of periodicities in electron 
micrographs, and some observations on the mechanism of negative staining. J. Mol. Biol. 10:565-569. 

Taylor, C. A. & Lipson, H. (1964) In Optical Transforms: Their Preparation and Application to X-ray 
Diffraction Problems, Cornell Univ. Press, Ithaca, N. Y.. 

Klug, A. (1971)  III. Applications of image analysis techniques in electron microscopy: Optical diffraction 
and filtering and three-dimensional reconstructions from electron micrographs. Phil. Trans. R. Soc. Lond. 
B. 261:173-179. 

• Horne, R. W. & Markham, R. (1972)  Application of optical diffraction and image reconstruction 
techniques to electron micrographs. Pract. Meth. Elec. Microsc. (A. M. Glauert, ed.) 1:327-360,380-
392. (502.8 P881 & TSB). 

Mulvey, T. (1973)  Instrumental aspects of image analysis in the electron microscope.  J. Microsc. 98:232-
250. 

Harburn, G., Taylor, C. A. & Welberry, T. R. (1975) In Atlas of Optical Transforms, Cornell Univ. Press, 
Ithaca, N.Y. (TSB). 

• Johansen, B. V. (1975)  Optical diffractometry. Princ. Tech. Elec. Microsc. (M. A. Hayat, ed.) 5:114-
173 (578.4 H323p & TSB). 

Horne, R. W. (1977)  Optical diffraction analysis of periodically repeating biological structures. In 
Analytical and Quantitative Methods in Microscopy, (G. A. Meek and H. Y. Elder, eds.), Camb. Univ. 
Press, Camb. pp. 29-53. (578.4 An13) 

Misell, D. L. (1978)  Image analysis, enhancement and interpretation. Pract. Meth. Elec. Microsc. (A. M. 
Glauert, ed.) 7:53-78,106-123. (502.8 P881 & TSB). 
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IMAGE ANALYSIS (Cont'd) 

B. Optical Filtering 

• Klug, A. & DeRosier, D. J. (1966)  Optical filtering of electron micrographs: reconstruction of one sided 
images. Nature 212:29-32. 

• Fraser, R. D. B. & Millward, G. R. (1970)  Image averaging by optical filtering. J. Ultrastruc. Res. 
31:203-211. 

Klug, A. (1971)  III. Applications of image analysis techniques in electron microscopy: Optical diffraction 
and filtering and three-dimensional reconstructions from electron micrographs. Phil. Trans. R. Soc. Lond. 
B. 261:173-179. 

DeRosier, D. J. & Klug, A. (1972)  Structure of the tubular variants of the head of bacteriophage T4 
(Polyheads) I. Arrangement of subunits in some classes of polyheads (Appendix: Indexing and filtering of 
the diffraction patterns). J. Mol. Biol. 65:469-488. 

• Horne, R. W. & Markham, R. (1972)  Application of optical diffraction and image reconstruction 
techniques to electron micrographs. Pract. Meth. Elec. Microsc. (A. M. Glauert, ed.) 1:361-379. 
(502.8 P881) 

Taylor, C. A. & Ranniko, J. K. (1974)  Problems in the use of selective optical spatial filtering to obtain 
enhanced information from electron micrographs. J. Microsc. 100:307-314. 

Steven, A. C., Aebi, U. & Showe, M. K. (1976)  Folding and capsomere morphology of the P23 surface 
shell of bacteriophage T4 polyheads from mutants in five different head genes. J. Mol. Biol. 102:373-
407. 

• Erickson, H. P., Voter, W. A. & Leonard, K. (1978)  Image reconstruction in electron microscopy: 
enhancement of periodic structure by optical filtering. Methods in Enzym. 49:39-63. 

Misell, D. L. (1978)  Image analysis, enhancement and interpretation. Pract. Meth. Elec. Microsc. (A. M. 
Glauert, ed.) 7:146-147,160-162,190-194. (502.8 P881 & TSB). 

Gilev, V. P. (1979)  A simple method of optical filtration. Ultramicroscopy 4:323-336. 

C. Computer Processing of Electron Micrographs 

General References 

Frank, J. (1973)  Computer processing of electron micrographs. Adv. Tech. Biol. Elec. Microsc. 1:215-
274. 

Kubler, O., Hahn, M. & Seredynski, J. (1978)  Optical and digital spatial frequency filtering of electron 
micrographs. I. Theoretical considerations. Optik 51:171-188. 

• Misell, D. L. (1978)  Image analysis, enhancement and interpretation. Pract. Meth. Elec. Microsc. (A. 
M. Glauert, ed.) 7:78-95,125-197,245-258. (502.8 P881 & TSB). 

Saxton, W. O. (1978)  Computer techniques for image processing in electron microscopy. In Adv. in 
Electronics and Electron Physics, Supplement 10 (L. Marton & C. Marton, eds.), Academic Press, N. Y. 
(621.38 Ad9s no.10 [normally in the Engineering Library] & TSB). 

Hawkes, P. W. (1981)  Some uses of computers in electron optics. J. Phys. E.:Sci. Instrum. 14:1353-
1367. 

Glaeser, R. M.  (1985)  Electron crystallography of biological macromolecules. Ann. Rev. Phys. Chem. 
36:243-275. 

• Stewart, M. (1988)  Introduction to the computer image processing of electron micrographs of two-
dimensionally ordered biological structures. J. Elec. Microsc. Tech. 9:301-324. 



BIO 595W REFERENCES
  

6 
 

IMAGE ANALYSIS (Cont'd) 

C. Computer Processing of Electron Micrographs (Cont'd) 

Microdensitometry and Interpolation 
Ledley, R. S. (1964)  High-speed automatic analysis of biomedical pictures. Science 146:216-223. 
Drenth, J., Kloosterman, D., van der Woude, J., Croon, H. C. & van Zwet, L. C. M. (1965)  An 

automatic integrating microdensitometer. J. Sci. Instrum. 42:222-224. 
Abrahamsson, S. (1966)  A computer controlled film scanner. J. Sci. Instrum. 43:931-933. 
Arndt, U. W., Crowther, R. A. & Mallett, J. F. W. (1968)  A computer-linked cathode-ray tube 

microdensitometer for x-ray crystallography. J. Phys. E.:Sci. Instrum. 1:510-516. 
Mendelsohn, M. L., Mayall, B. H., Prewitt, J. M. S., Bostrom, R. C. & Holcomb, W. G. (1968)  Digital 

transformation and computer analysis of microscopic images. Adv. Opt. Elec. Microsc. 2:77-150. 
Arndt, U. W., Leigh, J. B., Mallett, J. F. W. & Twinn, K. E. (1969)  A mechanical microdensitometer. J. 

Phys. E.:Sci. Instrum. 2:385-387. 
Xuong, N. (1969)  An automatic scanning densitometer and its application to x-ray crystallography. J. 

Phys. E.:Sci. Instrum. 2:485-489. 
Nockolds, C. E. & Kretsinger, R. W. (1970)  An evaluation of a rotating drum densitometer and its 

application to precession photographs of protein crystals. J. Phys. E.:Sci. Instrum. 3:842-846. 
Werner, P.-E. (1970)  Accuracy in film scanner intensity measurements. Acta Crystallogr. A26:489-491. 
Billingsley, F. C. (1971)  Image processing for electron microscopy:  A Digital System. Adv. Opt. Elec. 

Microsc. 4:127-159. 
Matthews, B. W., Klopfenstein, C. E. & Colman, P. M. (1972)  A computer controlled film scanner for X-

ray crystallography. J. Phys. E.:Sci. Instrum. 5:353-359. 
Wlodawer, A. (1974)  Precision of a rotating-drum film scanner. J. Appl. Cryst. 7:19-21. 
Mallett, J. F. W., Champness, J. N., Faruqi, A. R. & Gossling, T. H. (1977)  A new automatic flat-bed 

microdensitometer for use in X-ray crystallography. J. Phys. E.:Sci. Instrum. 10:351-358. 
Wonacott, A. J. & Burnett, R. M. (1977)  Microdensitometry. In The Rotation Method in Crystallography 

(U. W. Arndt & A. J. Wonacott, eds.) North-Holland Pub. Co., Amsterdam pp. 119-138. 
• Markham, R., Garner, R. T., Parker, E. A. & Johnson, M. W. (1978)  A simple recording densitometer 

for electron micrographs. Micron 9:227-236. 
Scott, J. C. (1981)  Inexpensive photographic transparency digitiser. J. Phys. E.:Sci. Instrum. 14:35-37. 
Smith, P. R. (1981)  Bilinear interpolation of digital images. Ultramicrosc. 6:201-204. 
• McGee, P. A., Trus, B. L. & Steven, A. C. (1982)  Techniques to evaluate the performance of scanning 

microdensitometers in the digitization of electron micrographs. Micron 13:221-228. 
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IMAGE ANALYSIS (Cont'd) 

D. Two-dimensional, Fourier-Averaging Procedures 

Two-Dimensional Lattices 

Aebi, U., Smith, P. R., Dubochet, J., Henry, C. & Kellenberger, E. (1973) A study of the structure of the 
T-Layer of Bacillus brevius.  J. Supramolec. Struc. 1:498-522. 

• Unwin, P. N. T. and Henderson, R. (1975) Molecular structure determination by electron microscopy of 
unstained crystalline specimens.  J. Mol. Biol. 94:425-440. 

• Baker, T. S. & Amos, L. A. (1978) Structure of the tubulin dimer in zinc-induced sheets.  J. Mol. Biol. 
123:89-106. 

Taylor, K. A. (1978) Structure determination of frozen, hydrated, crystalline biological specimens.  J. 
Microscopy 112:115-125. 

Horne, R. W. (1979) The formation of virus crystalline and paracrystalline arrays for electron microscopy 
and image analysis. Adv. Vir. Res. 24:173-221. 

Aebi, U., W. E. Fowler, G. Isenberg, T. D. Pollard and P. R. Smith (1981) Crystalline actin sheets: their 
structure and polymorphism. J. Cell Biol.  91:340-351. 

• Baker, T. S., D. L. D. Caspar & W. T. Murakami (1983) Polyoma virus “hexamer” tubes consist of 
paired pentamers. Nature 303:446-448. 

• Baker, T. S., D. L. D. Caspar, C. Hollingshead & D. A. Goodenough (1983) Gap junction structures IV.  
Asymmetric features revealed by low-irradiation electron microscopy. J. Cell. Biol. 96:204-216. 

Kuhlbrandt, W., T. Thaler and E. Wehrli (1983) The structure of membrane crystals of the light-harvesting 
chlorophyll a/b protein complex. J. Cell Biol.  96:1414-1424. 

Cohen, H. A., Jeng, T.-W., Grant, R. A. & Chiu, W. (1984) Specimen preparative methods for electron 
crystallography of soluble proteins. Ultramicrosc. 13:19-26. 

Jeng, T.-W., W. Chiu, F. Zemlin and E. Zeitler (1984) Electron imaging of crotoxin complex thin crystal at 
3.5 Å. J. Mol. Biol.  175:93-97. 

Baker, T. S., G. E. Sosinsky, D. L. D. Caspar, C. Gall and D. A. Goodenough (1985) Gap junction 
structures. VII. Analysis of connexon images obtained with cationic and anionic negative stains. J. Mol. 
Biol.  184:81-98. 

Glaeser, R. M. (1985) Electron crystallography of biological macromolecules. Ann. Rev. Phys. Chem. 
36:243-275. 

• Henderson. R., Baldwin, J. M., Downing, K. H., Lepault, J. & Zemlin, F. (1986) Structure of purple 
membrane from halobacterium halobium: Recording, measurement and evaluation of electron micrographs 
at 3.5 Å resolution. Ultramicrosc. 19:147-178. 

Darst, S. A., H. O. Ribi, D. W. Pierce and R. D. Kornberg (1988) Two-dimensional crystals of 
Escherichia coli RNA polymerase holoenzyme on positively charged lipid layers. J. Mol. Biol.  269 -273. 

Kuhlbrandt, W. (1988) Structure of light-harvesting chorophyll a/b protein complex from plant 
photosynthetic membranes at 7 Å resolution in projection, J. Mol. Biol. 202:849-864. 

Jap, B. K., K. H. Downing, and P. J. Wallian (1990) Structure of PhoE porin in projection at 3.5 Å 
resolution. J Struct Biol  103:57-63. 

Stokes, D. L. and N. M. Green (1990) Structure of CaATPase: electron microscopy of frozen-hydrated 
crystals at 6 Å resolution in projection. J. Mol. Biol.  213:529-538. 

Cabral-Lilly, D., Phillips, G. N. Jr., Sosinsky, G. E., Melanson, L., Chacko, S. & Cohen, C. (1991) 
Structural studies of tropomyosin by cryoelectron microscopy and X-ray diffraction. Biophys. J. 59:805-
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814. 
Sosinsky, G. E. (1992) Image analysis of gap junction structures. Elec. Microsc. Rev.  5:59-76. 
Taylor, K. A. and D. W. Taylor (1993) Projection image of smooth muscle α-actinin from two-dimensional 

crystals formed on positively charged lipid layers. J. Mol. Biol.  230:196-205. 
Olofsson, A., V. Mallouh and A. Brisson (1994) Two-dimensional structure of membrane-bound annexin V 

at 8 Å resolution. J. Struct. Biol.  113:199-205. 
Fuchs, K. H., P. Tittmann, K. Krusche and H. Gross (1995) Reconstruction and representation of surface 

data from two-dimensional crystalline, biological macromolecules. Bioimaging  3:12-24. 
Mitra, A. K., A. N. van Hoek, M. C. Wiener, A. S. Verkman and M. Yeager (1995) The CHIP28 water 

channel visualized in ice by electron crystallography. Nat. Struct. Biol.  2:726-729. 
• Yeager, M. (1995) Electron microscopic image analysis of cardiac gap junction membrane crystals. 

Microsc. Res. & Tech.  31:452-466. 
Savage, H., M. Cyrklaff, G. Montoya, W. Kuhlbrandt and I. Sinning (1996) Two-dimensional structure of 

light-harvesting complex II (LHII) from the purple bacterium Rhodovulum sulfidophilum and 
comparison with LHII from Rhodopseudomonas acidophila. Structure  4:243-252. 

Burkard, F., F. Chen, G. M. Kuziemko and R. C. Stevens (1997) Electron density projection map of the 
botulinum neurotoxin 900-kilodalton complex by electron crystallography. J. Struct. Biol.  120:78-84. 

Hsu, G. G., A. R. Bellamy and M. Yeager (1997) Projection structure of VP6, the rotavirus inner capsid 
protein, and comparison with bluetongue VP7. J. Mol. Biol.  272:362-368. 

Boekema, E. J., M. Stuart, R. I. Koning, W. Keegstra, A. Brisson, H. M. Verheij and N. Dekker (1998) 
A 7.4-Å projection structure of outer membrane phospholipase A from Escherichia coli by electron 
crystallography. J. Struct. Biol.  123:67-71. 

Rotational Filtering/Averaging 

• Crowther, R. A. & Amos, L. A. (1971) Harmonic analysis of electron microscope images with rotational 
symmetry J. Mol. Biol. 60:123-130. 

Crowther, R. A. & Franklin, R. M. (1972) The structure of the groups of nine hexons from adenovirus. J. 
Mol. Biol. 68:181-184. 

Klug, A. & Durham, A. C. H. (1972) The disk of TMV protein and its relation to the helical and other 
modes of aggregation. Cold Spring Harb. Symp. Quant. Biol. 36:449-468. 

Mellema, J. E. & Klug, A. (1972) Quaternary structure of gastropod haemocyanin. Nature (London) 
239:146-150. 

Amos, L. A. (1974) Image analysis of macromolecular structures. J. Microscopy 100:143-152. 
Crowther, R. A., Lenk, E. V., Kikuchi, Y. & King, J. (1977) Molecular reorganization in the hexagon to 

star transition of the baseplate of bacteriophage T4. J. Mol. Biol. 116:489-523. 
Ohtsuki, M., White, S. L., Zeitler, E., Wellems, T. E., Fuller, S. D., Zwick, M., Makinen, M. W. & Sigler, 

P. B. (1977)  Electron microscopy of fibers and discs of hemoglobin S having sixfold symmetry. Proc. 
Nat. Acad. Sci. U.S.A. 74:5538-5542. 

Amos, L. A. (1978) Electron microscopical studies of proteins.  Tech. Prot. Enzyme Biochem. B111:1-
26. 

• Misell, D. L. (1978) Image analysis, enhancement and interpretation. Pract. Meth. Elec. Microsc. (A. M. 
Glauert, ed.) 4:129-139. (502.8 P881 & TSB). 
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IMAGE ANALYSIS (Cont'd) 

D. Two-dimensional, Fourier-Averaging Procedures (Cont'd) 

Rotational Filtering/Averaging (Cont'd) 

Crowther, R. A. & Pearse, B. M. F. (1981) Assembly and packing of clathrin into coats. J. Cell Biol. 
91:790-797. 

Driedonks, R. A., Engel, A., ten Heggeler, B. & van Driel, R. (1981) Gene 20 product of bacteriophage 
T4.  Its purification and structure. J. Mol. Biol. 152:641-662. 

Crepeau, R. H., Fram, E. K., McEwen, B., Akey, C. W., Pantaloni, D., Szalay, M. & Edelstein, S. J. 
(1982) Image processing of imperfect protein arrays: Sectioned crystals and tubulin sheets and rings. 
Elec. Microsc. Soc. Amer. Proc. 40:84-87. 

• Baker, T. S., J. Drak & M. Bina (1985) Cryo-electron microscopy and image analysis of SV40.  Proc. 
Elec. Microsc. Soc. Amer. (Louisville) 43:316-317. 

Steven, A. C., Roberts, C. R., Hay, J., Bisher, M.  E., Pun, T. & Trus, B. L. (1986) Hexavalent capsomers 
of Herpes Simplex virus type 2:  Symmetry, shape, dimensions, and oligomeric status. J. Virol. 57:578-
584. 

Baker, T. S., Drak, J. & Bina, M. (1989) The capsid of small papova viruses contains 72 pentameric 
capsomeres:  Direct evidence from cryo-electron-microscopy of Simian Virus 40. Biophys. J. 55:243-
253. 

Akey, C. W. (1990) Visualization of transport-related configurations of the nuclear pore transporter. 
Biophys. J.  58:341-355. 

• Moody, M. F. (1990) Image analysis of electron micrographs. In Biophysical Electron Microscopy: Basic 
Concepts and Modern Techniques (P. W. Hawkes & U. Valdre, eds.) Academic Press, New York pp. 
238-242 (578.45 B524 & TSB). 

Furcinitti, P. S., J. van Oostrum and R. M. Burnett (1991) Adenovirus polypeptide IX revealed as capsid 
cement by difference images from electron microscopy and crystallography. EMBO J.  12:3563-3570. 

Tsuprun, V., D. Anderson and E. H. Egelman (1994) The bacteriophage phi29 head-tail connector shows 
13-fold symmetry in both hexagonally packed arrays and as single particles. Biophys. J.  66:2139-2150. 

• Kocsis, E., M. E. Cerritelli, B. L. Trus, N. Cheng, & A. C. Steven (1995) Improved methods for 
determination of rotational symmetries in macromolecules.  Ultramicroscopy  60:219-228. 

Tsuprun, V., B. S. Rajagopal and D. Anderson (1995) Electron microscopy of Bacillus subtilis GroESL 
chaperonin and interaction with the bacteriophage phi29 head-tail connector. J. Struct. Biol.  115:258-
266. 

Yeager, M., E. M. Wilson-Kubalek, S. G. Weiner, P. O. Brown and A. Rein (1998) Supramolecular 
organization of immature and mature murine leukemia virus revealed by electron cryo-microscopy: 
implications for retroviral assembly mechanisms. Proc. Natl. Acad. Sci. USA  95:7299-7304. 
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E. Three-dimensional Reconstruction from Electron Micrographs 

General (mostly Fourier) Methods 

• DeRosier, D. J. & Klug, A. (1968) Reconstruction of three dimensional structures from electron 
micrographs. Nature 217:130-134. 
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