ANNALS OF THE NEW YORK ACADEMY OF SCIENCES

Volume 483
December 31.1986

RECENT ADVANCES IN ELECTRON
AND LIGHT OPTICAL IMAGING
IN BIOLOGY AND MEDICINE *

Editor
ANDREW P. SomLYO

CONTENTS

Overview. BY ANDREW P. SOMLYO .........c..ccooiiiii i, ix

In Memoriam Robert Day| Allenl (1927-1986). By D. LansiNG TAYLOR............ Xi

Part 1. Cryoelectron Microscopy, Freeze-Etching, and | mage Processing

The Use of Cryoelectron Microscopy in Elucidating Molecular Design and
Mechanisms. BY NIGELIUNWIN ... 1

Recent Advances inl Cryoelectron Microscopy. By E. ZeitLer and F. ZEmLIN . . . 3

Quick-Frozen| Microtubules Studied by Cryoelectron Microscopy and Image
Processing. BY EckHARD ManDELKkOw and EvA-MARIA MANDELKOW....... 13

Studies of Eukaryotic Flagella by Cryoelectron Microscopy.
BY JOHN M. IMIURRAY ...t 24

Image Analysis of the Ca”-ATPase from Sarcoplasmic Reticulum.
By KENNETH A. TAYLOR, MING-HsIu Ho, and ANTHONY MARTONOSI...... 31

The Density and Disposition of Ca-ATPase in Inl Sitid and Isolated
Sarcoplasmic Reticulum. By CLARA FRANZINI-ARMSTRONG,
DoNALD G. FERGUSON, LoRIANA CASTELLANI, and LINDAKENNEY . .. ........ 44

Metal Shadowing and Decoration irl Electronl Microscopy of Biological
Macromolecules. By WoLrFeaNG BAUMEISTER,
REINHARD GUCKENBERGER, HARALD ENGELHARDT,
and CHRISTOPHER L. F. WOODCOCK ..........ccoooviiiiiii 57

A New Method for Three-Dimensional Reconstruction of Single
Macromolecules Using Low-Dose Electronl Micrographs.
By JoacHiM Frank, MICHAELl RADERMACHER,
TERENCE WAGENKNECHT, and ADRIANA VERSCHOOR . .................cc...ocvevn. 77

Actin and Flagellar Filaments: Two Helical Structures with Variable Twist.
By SHLOMO TRACHTENBERG, DAvID SToKES, ESTHER BULLITT|
and DAVID DEROSIER ............cociiiiiiii ) 88

“Thd papers in this volume were presented at a conference entitled Recent Advances inl
Electronl and Light Optical Imaging inl Biology and Medicine, which was held by the New York
Academy of Sciences in New York City on Marchl 18-21, 1986.



The Three-Dimensional Structure of the Actin Filament Revisited.
By UEeLI AeBI, ROBERT MILLONIG, HoPE SaLvo, and ANDREAS ENGEL......

The Structure of Membrane Bound Cytochrome ¢ Oxidase.
By Terrence G. FrRey and TAN CHANG

Structural Studies of Na,K-ATPase| By Manisen Morraz, Movien YEE|
AN PLR. SMITH i

Electron Microscopic Studies of Chromosomal Proteins. By MICHAEL BEER|
JacoB VARKEY, JOHN BRANTLEY, and Krisina NIYOGI

Part 11. High and Intermediate High Voltage Electron Microscopy

Potential for High-Resolution Electronl Crystallography at Intermediate High
Voltage| By Wan CHIU, Tzyv-WeN JENG, LAURA L. DEeGN,
and B.V. VENKATARAM PRAsAD

The Usefulness of the High Voltage Electronl Microscope in Biomedical
Ultrastructure Analysis. BY DONALD F. PARSONS ...........cooovvviiiiiiiiiiin,

The Extraction of Three-Dimensional Information from Stereo Micrographs
of Thick Sections Using Computer Graphics Methods.
By Lee D. PeacHEY

Four-Dimensional Microscopy of Ascarisl Sperm Motility.
By James B. PawLEY, SoL SepsenwoL, and HANS R

Part Ill. Scanning Transmission Electronl Microscopy

Mapping the Domains of Molecules and Complexes by Massl and Heavy Atom
Loading. By James F. HAINFELD and JOSEPH S. WALL.......cooiiiviiieiiiniininnnn,

Radial Density Profiles of Macromolecular Filaments Determined from
Dark-Field Scanning Transmission Electron Micrographs: Improvements
il Technique and Some Applications.
By ALaspalr C. STEVEN, Topb A. SIMPSON| BEnes L. TRUS)
PauL S. FurciNniTI, JaAMES F. HaINFELD, and JosePH S. WALL

Z-Contrast in Biology: A Comparison with Other Imaging Modes.
By E. KELLENBERGER , E. CARLEMALM, W. VILLIGER] M. WuRTZ,
C. MoORY, and CH. CoLuix

Part IV. Analytical Electron Microscopy: Electron-Probel Analysis

Electron-Probd X Ray Microanalysis of In Situ Calcium and Other lon
Movements in Muscle and Liver. By A. V. SomLyo, M. Bonb,
H. SHumaN, and A. P. SomLYo

Analytical Electron Microscopy inl the Study of Biological Systems.
BY DALE E. JOHNSON . ..ottt

Electron-Probel X Ray Microanalysis of Transepithelial lon Transport.
By Rocer RICK, AboLF DORGE, Franz X. Beck, and KLaus THURAU......

Resolution of Sarcolemma and Sarcoplasmic Reticulum in Electron-Probel X
Ray Microanalysis of Cardiad Muscle. By Jonn McDJ TormEY
aNd ELLYN S, WHEELER-CLARK ...\ttt

Electron-Probel Analysis of Cultured Cells| By C. Lechene

Intracellularl Structure and Elemental Analysis in Rapid-Frozen Neurons.
By S. BRIAN Anprews and THomas S. REESE

241



Part V. Analytical Electron Microscopy: Electron Energy-L oss
Spectroscopy and Photoelectron Microscopy

Electron Energy-Loss Spectroscopy: Quantitation and Imaging.

By H. Shuman, C.-F. CHang, E.L. BuHLg, JR., and A.P. SOMLYO . . . .. ... ..... 295
Electron Energy-Loss Spectroscopy Analysis and Imaging of Biological

Specimens. BY CHRISTIAM COLLIEX .......vviiiiiiiiieeee e 311
Scanning Transmission Electron Microscope (STEM) Elemental Mapping by

Electron Energy-Loss Spectroscopy. By R.D. Leewi ... 326

Elemental Mapping by Energy Filtration: Advantages, Limitations, and

COMPromises, By F.P. OTTENSMEYER ..vvvvvoovveeeeeeeoeeoeooereoeoo ;339
Electron Energy Analysisin Emission Microscopy. By D.W. TURNER

LLR. PLUMMER, and H.Q. PORTER ...........ccoooriiieeiiiiiiiniiiin o, 354
Immunophotoelectron Microscopy of the Cell Surface and Cytoskeleton.

By KareN K. HEDBERG and 0. HAYES GRIFFITH ...c...coiiiiiiininin, 372

Part VI. Light Microscopy and X Ray Microscopy

Light Microscopy-A Modern Renaissance. By WATT W. WEBB ...........cccceeee.. 387
Computer-Aided Stereoscopic Video Reconstruction and Seria Display from

High-Resolution Light-Microscope Optical Sections.

By SHINYA INOUE and THEODORE D. INOUE .|....ccocoviiiiiiniiiiiiccc, 392
Three-Dimensional Imaging by Confocall Scanning Fluorescenced Microscopy.

By G.J. BRakeENHOFF, H.T.M. vaN DER VOORT, E.A. VAN SPRONSEN,

ANA N. NANNINGA oottt sttt sttt sttt sttt sttt sttt sn e 405

Confocal Light Microscopy. By T. WiLson 416
Applications of Tandem Scanning Reflected Light Microscopy and
Three-Dimensional Imaging. By ALAN BOYDE .........cccccouveinieimneeinerernnieneees 428
In Vivo Microscopy Using the Tandem Scanning Microscope. By M. PETRAN]
M. HADRAVSKY, J. BENES, and A. BOYDE.. . .ococoioeieet coeeieeeeeeeeee e 440

Scs mnmg Opln;, 1] Mu,ro-\.c_opy at .\/I(l Resolution Using Near-Field Imaging

Methods. ByM IsaacsoN, E. BETzic, A. HARoOTUNIAN, and A. Lewis ... 448

X Ray Microscopy—State Of the Art and Expected Developments.
By D. RupoLpH, G. ScHMAHL, B. NiEmANN, W. MEYER-ILSE,
AN J. THIEME .. ot e et s s e s 55555505 e 457

Microanalysis with a Soft X Ray Scanning Microprobe. By C. Jacossen,
JM. Kenney, J. Kirz, I. McNuLTy| R.J. ROsSER, F. CinOTTI,
H. RARBACK, N0 D. SHU.J . vooveeieeeis oo 550t et ee e see e 463

INdEX OF CONLIBULOIS. ... .. ..o oo 471



