Principles,
Methods,
and
Applications

Colloidal Gold

Volume 1

M. A. HAyaT




Colloidal Gold

Principles, Methods,
and Applications

VOLUME 1

L]
Depargment of ﬁ
Kean Cdjlege of Ne

Union, New Jers:

ACADEMIC PRESS, INC.

Harcourt Brace Jovanovich, Publishers
San Diego New York Berkeley Boston
London Sydney Tokyo Toronto



Cover: A human T-lymphocyte labeled with 5-nm gold after incubation with LEU 1 monoclonal
antibody and silver enhancement. Courtesy of E. de Harven. (See also p. 242 and accompanying text.)

CoPYRIGHT © 1989 BY ACADEMIC PRESS, INC.

ALL RIGHTS RESERVED.

NO PART OF THIS PUBLICATION MAY BE REPRODUCED OR
TRANSMITTED IN ANY FORM OR BY ANY MEANS, ELECTRONIC
OR MECHANICAL, INCLUDING PHOTOCOPY, RECORDING, OR

ANY INFORMATION STORAGE AND RETRIEVAL SYSTEM, WITHOUT
PERMISSION IN WRITING FROM THE PUBLISHER.

ACADEMIC PRESS, INC.
San Diego, California 92101

United Kingdom Edition published by
ACADEMIC PRESS, INC. (LONDON) LTD.
24-28 Oval Road, London NW1 7DX

Library of Congress Cataloging-in-Publication Data

Colloidal gold : Principles, methods, and applications / edited by
M. A. Hayat.
p. cm.

Includes index.

ISBN 0-12-333927-8 (alk. paper)

1. Immunocytochemistry — Technique. 2. Colloidal gold.
3. Microscope and microscopy —Technique. 4. Proteins— Analysis.
5. Immungoid Labeling .
1. Hayat, M. A, Date.
QR187.145C64 1989 88-7361
574.87'6042—dc19 Cip

PRINTED IN THE UNITED STATES OF AMERICA
8 % 91 92 9 8 7 65 4 3 21



List of Contributors

Numbers in parentheses indicate the pages on which the authors’ contributions begin.

Ralph M. Albrecht (489), Department of Veterinary Sciences, University of
Wisconsin, Madison, Wisconsin 53706

Julian E. Beesley (417), Wellcome Research Laboratories, Beckenham,
Kent, United Kingdom

Moise Bendayan (33), Department of Anatomy, Faculty of Medicine, Uni-
versité de Montreal, C.P.6128 Montreal, Quebec H3C 3J7, Canada

Nicole Benhamou (95), Department de Phytologie, Faculte des Sciences de
PAgriculture et de ’Alimentation, Université€ Laval, Sainte-Foy, Que-
bec G1K 7P4, Canada

G. Bruce Birrell (323), Institute of Molecular Biology, University of Oregon,
Eugene, Oregon 97403-1210

Tom Deerinck (452), Department of Neurosciences, University of California
at San Diego, La Jolla, California 92037

Etienne de Harven (229), Department of Pathology, University of Toronto,
Toronto MS5SG 1LS Canada

Jeannine Doerr-Schott (145), C.N.R.S. Centre de Neurochemie, 5 Rue
Blaise Pascal, 67084 Strasbourg Cedex, France

Mark Ellisman (451), Department of Neurosciences, University of Califor-
nia at San Diego, La Jolla, California 92037

Kui-Xiong Gao (391), Department of Animal Science, University of Ten-
nessee, Institute of Agriculture, Knoxville, Tennessee 37901-1071

xix



XX Contributors

O. Hayes Griffith (323), Institute of Molecular Biology, University of Ore-
gon, Eugene, Oregon 97403

Gerhard W. Hacker (297), Landeskrankenanstalten Salzburg, Department
of Pathological Anatomy, Histochemistry Lab, Muellner Haupstr. 48,
A-5020 Salzburg, Austria

Dean A. Handley (1, 13), Mediators and Biomolecular Therapy Section,
Monoclonal Antibody Department, Sandoz Research Institute, Route
10, East Hanover, New Jersey 07936

James Robinson Harris (375), Research and Quality Control Department,
Northeast Thames Regional Transfusion Center, Crescent Drive,
Brentwood, Essex CM15 8DP, England

Marc Horisberger (217), Nestlé Research Centre, Vers-chez-les-Blanc,
Ch-1000, Lausanne 26, Switzerland

Elisabeth Kjeldsberg (433), Department of Virology, National Institute of
Public Health, Geitmyrsveien 75, 0462 Oslo 4, Norway

Milan V. Nermut (349), National Institute for Medical Research, The Ridge-
way, Mill Hill, London NW7 1AA, England

A. Nicol (349), National Institute for Medical Research, The Ridgeway, Mill
Hill, London NW7 1AA, England

Haesun Park (489), Department of Industrial and Physical Pharmacy,
School of Pharmacy, Purdue University, West Lafayette, Indiana
47907

Kinam Park (489), Department of Industrial and Physical Pharmacy, School
of Pharmacy, Purdue University, West Lafayette, Indiana 47907

Lucio Scopsi (251), Division of Pathological Anatomy, Istituto Nazionale
per lo Studio e la Cura dei Tumori, Milano, Italy

Davide Soligo (229), Clinica Medica I, University of Milan, 20122 Milano,
Italy

Paul M. P. Van Bergen en Henegouwen (191), Rijksuniversiteit te Utrecht,
Vakgroep Moleculaire Celbiologie, Postbus 80.056, 3508 TB, Utrecht,
The Netherlands

Anthony N. Van Den Pol (451), Section of Neurosurgery, Yale University
School of Medicine, 333 Cedar Street, New Haven, Connecticut 06510



Preface

The field of immunogold cytochemistry —histochemistry is a relatively
recent development, but has emerged as a revolutionary new immunocyto-
chemical methodology for various microscopic systems. In 1971, Faulk and
Taylor inaugurated the use of colloidal gold as an immunocytochemical
marker in transmission electron microscopy. Since that time, immunoelec-
tron microscopy using colloidal gold promises to advance morphological, as
well as virological, diagnosis by a quantum leap.

The major objective in using colloidal gold is the in situ localization of
cellular macromolecules. This information is used to elucidate biochemical
properties and functions of cellular compartments and components. The
method is universal since it is applicable to photon and fluorescent micros-
copy and conventional and high-voltage transmission electron microscopy
and can also be employed as a marker for scanning electron microscopy in
the secondary electron and backscattered electron modes. It is useful for
scanning transmission electron microscopy. Thin cryosections can be la-
beled with colloidal gold. The silver-enhanced colloidal gold method can be
used for both light and electron microscopy.

Multiple labeling of the same specimen or section is applicable not only to
light and transmission electron microscopy but also to scanning electron
microscopy in the secondary and backscattered electron imaging. Simulta-
neous demonstration of more than one type of antigen can also be accom-
plished on thin cryosections by the immunogold method. These applications
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xxii Preface

are possible because colloidal gold particles ranging from 2 to 150 nm in
diameter are available. Although postembedding labeling is most common,
the technique can be used for preembedding immunolabeling. Many other
significant applications are discussed in detail in this three-volume treatise.

Since the number of available techniques is quite large and new techniques
and refinements of established techniques are continually being developed,
it is clear that a set of books was more appropriate than a single volume.
Volume | emphasizes principles and methodology, whereas Volumes 2 and
3 stress methodology and applications.

Colloidal gold as a marker meets many requirements necessary for precise
ultrastructural localization, distribution, and quantitation of macromole-
cules in living or fixed cells and tissues. Adsorption of macromolecules to
gold particles is not based on chemical covalent crosslinking but on complex
electrochemical interactions. Most bound macromolecules therefore essen-
tially retain their biological activity. Colloidal gold has been adsorbed to a
wide variety of molecules including proteins A and G, immunoglobulins,
lectins, toxins, glycoproteins, dextran, enzymes, streptavidin, and hor-
mones. This approach has proven to be extremely useful in basic and applied
research. Localization of enzyme activity with immunogold staining has also
become popular. Colloidal gold labeling can be quantitated, and an approxi-
mation of the relative density of antigenic determinants at different sites can
be made. During the last decade, scientific literature involving the use of
colloidal gold as the immunocytochemical marker has increased at an expo-
nential rate, and this trend is expected to continue.

In spite of the unparalleled superiority of colloidal gold over other
markers, its efficiency and specificity need to be carefully evaluated and
improved. This is the only way to strengthen this methodology and to place it
on a firmer foundation. To examine the accuracy of this methodology, the
morphology and structure of colloidal gold and silver ascertained with high
resolution electron microscopy are presented in Volume 1. Molecular inter-
action between colloidal gold and proteins is explained to help understand
the principles governing this methodology. Factors affecting the staining
with colloidal gold are discussed, and advantages and limitations of this
methodology are given.

Volume 1 also discusses a large number of variations of the immunogold
methodology. Methods are presented in maximum detail and step-by-step
fashion, so that the reader could carry them out without other assistance. It is
suggested that the whole procedure be read before carrying it out. If any
problem arises, the reader need not hesitate to contact the author of the
method. Both commonly used and special methods are included. It is im-
portant to emphasize that the authors have personally used and checked the
methods, which are therefore reproducible.



Preface xxiii

Volume 1 has developed through the effort of 24 scientists representing 8
countries. All of the contributors are eminent authorities in their respective
fields of specialty. In fact, many are the originators of important methods.
The scientific community is fortunate to have the benefit of continual ex-
pansion and refinements of the colloidal gold methodology by most of those
who primarily originated it. I greatly appreciate their participation and
promptness in completing the chapters. 1 owe thanks to J. M. Cowley, D. A.
Handley, M. Horisberger, A. Howie, and M. V. Nermut for their valuable
comments on some of the chapters.

M. A. Hayat
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