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_DEDICATION __vii

In dedicating the third edition of Methods in, Immunology to Dan H.
Campbell, it seems appropriate to provide a brief history of our association
with Dan. In so doing, a more exact concept of this text may emérge for
you who use it. For the three of us, the rap session with Dan at morning
coffee was an important event in the course of a day, if not its highlight.
Sharing our feelings about the importance of this daily encounter are a
large number of scientists who spent a part of their scientific career with
the Immunochemistry Group that Dan developed and headed at Caltech
for 32 years. Research was discussed and sometimes lengthily at these
sessions. We all remember the freshly brewed coffee, the large table
around which everyone assembled, the paper of the white meat-market
type covering the table andiused for penciled exchanges of ideas, and the
large blackboard close by, used to review data or to obtain input from the
group. It was there, in Room 315 of the Church Building of Chemical
Biology, known as the coffee room, that Dan “threw out” the idea of the
four of us writing a laboratory manual. The aim was to describe proce-
dures that demonstrate immunological principles, together with necessary
general methods. With the decision made to write the manual, we estab-
lished a rigid format of style, and each of us assumed a share of the
writing, along. with the responsibility for the bench work. The exchange of
written material and discussions continued in the coffee room until the
manuscript for the first edition was-completed. The intimate and relaxed
atmosphere of these meetings resulted in high-spirited defense of varying
viewpoints, often of a decibel level long to be remembered by associates
working in adjacent laboratories.»This initial cohesiveness of the group
probably has propelled us through the preparations of the second and third
editions when distance made .communication inereasingly difficult.

Dan was unique in his lifelong association with the laboratory bencn.
When he was no longer a doer himself, he continued to inspire by his
presence, keen insight, and willingness to help-with laboratory problems.
In the first edition of Methods in Immunology, the use of do-it-yourself
materials and equipment was much encouraged. This was a natural con-
sequence of Dan’s close association with shop personnel at Caltech and of
his general philosophy of using what was at hand. Knowing this, it is with
considerable regret that in this edition we are deleting some of the
materials from the earlier editions, such as the use of food cartons to
cofistruct chambers for gel electrophoresis. Also some of the early tech-
niques have been omitted, such as Schultz-Dale, a method taught to us by
Dan, who modified- this particular procedure for his anaphylaxis research
begun at the University of Chicago.
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The numerous scientific citations and awards which Dan received in
recognition of his accomplishments appear meager compared with the
imprint left by his highly effective scientific style. Everyone who spent
even a brief time in his laboratory realized that there was a unique quality
about this man and the environment he created at Caltech. At the center
of this uniqueness was the manner in which he inspired bench work. He
expected his postdoctoral students to learn the very basics of biological
and immunological methodology—how to inject and bleed rabbits, clarify
serums,; and perform precipitation analyses; this was his way. of building
the confidence and independence of an investigator. No one became a cog
in the wheel of a research project. Rather than having his laboratory
generate a series of research papers by a unidirectional, inflexible ap-
proach, Dan encouraged individual input with complete objectivity. A
vie&poin‘t could differ from current thinking on a subject if supported by
sound bench work.

Dan was always known for his informality at Caltech. In addition, the
days of deep-sea fishing in the Pacific with his postdoctoral fellows and
frequent backyard barbecues at his home presented other circumstances to
know him and his wife Margaret. Dan’s favorite pastime may have been
the rap sessions at Allergy and FASEB meetings, at the Midwinter Con-
ferences of Immunologists, and at the Summer Course on Immunology
sponsored by AAIL He could be irascible with a peer scientist who needed
a reminder of an overlooked fact. At the same time, he humored the
newcomer who made mistakes in his learning experience. Regardless of the
circumstances, his comments always were witty and meant both to be
helpful and to relieve meeting doldrums. In combining good humor with a
great love for science and for the doers of good science, few have equaled
Dan H. Campbell.
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PREFACE

Although biological findings are not as precise and unchangeable as
laws of physics or mathematics, certain basic principles do emerge and
withstand the test of time. The new and ingenious techniques to demon-
strate these basic principles are usually variations of the old, often with
another dimension addeg. Although new methods are developed and come
into general use because of greater ease of operation, better quantitation,
better resolution, or greater applicability, underlying reactions remain the
same. From the precipitin reactions have come the many forms of im-
munodiffusion-in-gel techniques that were in turn the forerunners of the
various and innovative immunoelectrophoretic procedures. Other methods
such as radioimmunoassay and fluorescent antibody techniques depend
also upon fundamentals of the precipitin reaction. Some of the technical
variations are popular for a time and then disappear, while others, proven
reliable after extensive usage, become routine in teaching, research, and
clinical laboratories.

In the present edition as in the previous editions, the format of the
book is built around immunological principles. Techniques, both new and
old, are selected to demonstrate these principles and are embodied in
Part V, Immunological Reactions. The first four parts of the text present
basic biological and physical methods and the preparation of immunologi-
cal reagents (antigens and antibodies) that are used in Part V. The major
changes in the third edition from that of the second are the deletion of
some techniques little used today, their replacement by newer ones and by
expansion of studies on cellular immunology.

The text introduces to the advanced students in biology, chemistry, and
medicine, either by way of a formal classroom or in an investigator’s
laboratory, the fundamental concepts of immunological reactions and their
effect under in vitro and in vivo conditions. More techniques and their
application are presented than can be performed in a course, thus allowing
selection of those most suited to particular needs and interests.

We wish to thank Betty Aalseth, Aftab Ahmed, Nicola Green, Donald
Hoffman, Norman Weliky, and Leo Yuan for their contributions, reviews,
and helpful comments. Thanks are also extended to the immunology

XV
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students at Syracuse University and in particular Marie Pinak, Ed
Polashenski, and Glen Johnson for testing procedures.

Justine S. Garvey
Natalie E. Cremer
Dieter H. Sussdorf



INTRODUCTION TO THE STUDENT

As you become increasingly familiar with fundamental concepts of
immunology and with the laboratory methods that demonstrate them, you
will realize that, with all its ramifications, immunology utilizes most of the
disciplines of the basic sciences. Evidence of this is shown by the use of
such designations as immunochemistry, immunobiology, immunopathol-
ogy, immunogenetics, and immunopharmacology. Since all these disci-
plines must contribute to a laboratory text introducing basic immunologi=
cal principles, it will be an advantage to have a background that has as
much breadth and depth as possible in the basic sciences.

Regardless of your particular interests, it is important that you make an
effort to visualize immunological reactions at both the molecular and the
cellular levels. Thus, the terms antigen and antibody should suggest dis-
crete three-dimensional entities that have shape and size and consist of
specific numbers and arrangements of amino acids and carbohydrates.
You also should have some knowledge of the structure, origin, and
function of cells. In recent years genetic principles have become increas-
ingly significant in many areas of immunology..For example, genetic
factors are of importance in tumor and transplantation immunology, as
well as in studies of in vitro cellular interactions.

The selection of animals and antigens for a given problem should
receive careful consideration, since species, even strains, vary in their
immune responsiveness to given antigens. In fact. the genetic basis of
responsiveness has emerged as a major field in immunological research.
Many of the antigens used in immunological studies commonly occur in
our everyday environment. For example, antigens associated with the
normal bacterial flora of the intestine and the upper respiratory tract, or
even food products, may induce mild but significant sensitizations in
so-called nermal animals. ;

When selecting analytical procedures, it must be kept in mind that
biological systems often are several orders of magnitude more sensitive
than physical methods. Thus, specific skin reactions can be induced by
picogram amounts of antigen. This means that preparations considered
pure by physical methods may actually contain contaminants that will give
cross-reactions when tested biologically.

XV1i



xviii INTRODUCTION TO THE STUDENT

You, and certainly your instructor, will realize that the field of im-
munology is progressing at such a rate that certain currently acceptable
definitions may change in the future. You often must accept some confu-
sion in terminology, focusing on a general concept rather than a definition.
For example, sensitized lymphocytes release, upon contact with antigen, a
variety of soluble, biologically active substances (lymphokines) whose
present nomenclature relating structure and function is far from resolved.

Trends in immunology are changing rapidly, owing to a new methodol-
ogy and the resulting accumulation of new information. As you carry out
your laboratory studies, fundamental questions will occur to you, and you
will discover that many of them have not been answered. Extra laboratory
effort on your part, help from your instructor, and reading may suggest
answers and provide routes for further investigation. Such exploratory
work not only has contributed in the past to our knowledge of immune
mechanisms, but also will help in training you to design meaningful
experiments. "

Because Methods in Immunology essentially is a guide for introductory
laboratory studies, it will be advisable to consult some of the following
texts, reviews, and journals for more information. You can keep abreast of
ongoing investigations and recent findings by referring to current journals
‘and publications of conferences and sympeosia devoted to immunology.

General References

The following reference list is divided into: A. Textbooks, B. Methods
Books, C. Monographs, D. Proceedings of International Colloquia, Sym-
posia, and Workshops, E. Reviews, and F. Journals.

A. Textbooks

. Bach, J.-F. (ed.), Immunology, Wiley, New York (1978).

2. Barrett, J. T., Textbook of Immunology, 3rd ed., C. V. Mosby, St. Louis,
MO (1978).

3. Bell, G. I, A. S. Perelson, and G. H. Pimbley, Jr. (eds.), Theoretical
Immunology, Dekker, New York (1978).

4. Bellanti, J. A., Immunology II, W. B. Saunders, Philadelphia, PA
(1978).

5. Bigley, N. J., Immunologic Fundamentals, Year Book Medical Pub-
lishers, Chicago, IL (1975).

6. Borek, F. (ed.), Immunogenicity (Frontiers of Biology Series, Vol. 25),

North-Holland, Amsterdam /New York (1972).

[—
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

. Carpenter, P. L., Immunology and Serology, 3rd ed., W. B. Saunders,

Philadelphia, PA (1975).

. Day, E. D., Advanced Immunochemistry, Williams & Wilkins, Bal-

timore, MD (1972).

. Eisen, H. N., Immunology (An Introduction to Molecular and Cellular

Principles of the Immune Responses), reprinted from Davis, Dulbecco,
Eisen, Ginsberg, and Wood’s Microbiology, 2nd ed., Harper & Row,
Hagerstown, MD (1974, revised reprint).

Freedman, S. O., and P. Gold (eds.), Clinical Immunology, 2nd ed.,
Harper & Row, Hagerstown, MD (1976).

Fudenberg, H. H., J. R. L. Pink, S. P. Stites, and A-C. Wang, Basic
Immunogenetics, Oxford University Press, New York (1972).
Fudenberg, H. H., S. P. Stites, J. L. Caldwell, and J. V. Wells, Basic
and Clinical Immunology, 2nd ed., Lange, Los Altos, CA (1978).

Gell, P. G. H,, R. R. A. Coombs, and P. J. Lachmann (eds.), Clinical
Aspects of Immunology, 3rd ed., J. B. Lippincott, Philadelphia, PA, and
Blackwell, Oxford (1975).

Golub, E. S., The Cellular Basis of the Immune Response: An Approach
to Immunobiology, Sinauer Associates, Sunderland, MA (1977).
Hildemann, W. H., Immunogenetics, Holden-Day, San Francisco, CA
(1970).

Hobart, M. J., and 1. McConnell, The Immune Systems: A Course on
the Molecular and Cellular Basis of Immunity, Blackwell, Oxford
(1975).

Holborow, E. J., and W. G. Reeves (eds.), 1mmunoiogy in Medicine,
Grune & Stratton, New York (1977).

Hood, L. E., I. L. Weissman, and W. B. Wood, Immunology, Ben-
jamin /Cummings, Menlo Park, CA (1978).

Humphrey, J. H., and R. G. White, Immunology for Students of
Medicine, 31d ed., F. A. Davis, Philadelphia, PA (1970).

Kabat, E. A., Structural Concepts in Immunology and Immunochemistry,

" 2nd ed., Holt, Rinehart, & Winston, New York (1976).

21.

22.

23,

24.

Klein, J., Biology of the Mouse Histocompatibility-2 Complex (Principles
of Immunogenetics Applied to a Single System), Springer, Flew York
(1975). '

Miescher, P. A, and H. J. Miiller-Eberhard (eds.), Textbook of Im-
munopathology, 2nd ed., Vols. I and II, Grune & Stratton, New York
(1976).

Movat, H. Z., Inflammation, Immunity and Hypersensitivity, Harper &
Row, New York (1971).

Notkins, A. L. (ed.), Viral Immunology and Immunopathology,
Academic Press, New York (1975).
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25.
26.

27.

28.

Roitt, L., Essential Immunology, 3rd ed., Blackwell, Oxford (1977).
Rose, N. R., F. Milgrom, and C. J. Van Oss, Principles of Immunology,
Macmillan, New York (1973). ’
Samter, M., D. W. Talmage, B. Rose, K. F. Austen, and J. H. Vaughan
(eds.), Immunological Diseases, 3rd ed., Vols. I and II, Little, Brown,
Boston, MA (1978).

Many texts for microbiology contain useful discussions’on immunol-
ogy—e.g., Burrows, W., A Textbook of Bacteriology, 20th ed., W. B.
Saunders, Philadelphia, PA (1973); Joklik, W. K., and H. P. Willett
(eds.), Zinsser Microbiology, 16th ed., Appleton-Century-Crofts, New
York (1976).

B. Methods Books

. Bryant, N. J., An Introduction to Immunohematology, W. B. Saunders,

Philadelphia, PA (1976).

. Hudson, L., and F. C. Hay, Practical Immunology, Blackwell, Oxford

(1976).

. Kabat, E. A., Kabat and Mayer’s Experimental Immunochemistry, 2nd

ed., Charles C. Thomas, Springfield, IL (1961).

. Nowotny, A., Basic Exercises in Immunochemistry: A Laboratory Man-

ual, Springer, New York (1969).

. Rose, N. R., and H. Friedman (eds.), Manual of Clinical Immunology,

American Society for Microbiology, Washington, DC (1976).

. Sternberger, L. A., Immunocytochemistry, Prentice-Hall, Englewood

Cliffs, NJ (1974).

. Weir, D. M., Handbook of Experimental Immunology, 3rd ed., Black-

well, Oxford (1978).

. Williams, C. A., and M. W. Chase (eds.), Methods in Immunology and

Immunochemistry, Academic Press, New York, Vols. I (1967); II
(1968); III (1970); IV (1977); V (1976).

. Zacharia, T. P. (ed.), Immune Response at the Cellular Level (Methods

in Molecular Biology), Vol. 6, Dekker, New York (1973).

C. Monographs

. Bach, J.-F., The Mode of Action of Immunosuppressive Agents, North-

Holland /American Elsevier, Amsterdam/New York (1975).
Burnet, M., Auto-Immunity and Auto-Immune Disease, Medical and
Technical Publishing Co., Oxford (1972).

Cohen, S., and E. H. Sadun (eds.), Immunology of Parasitic Infections,
Blackwell, Oxford (1976).

Crowle, A. J., Immunodiffusion, 2nd ed., Academic Press, New York
(1973).
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10.

11.

12.

13.

14.

15.

16.

17.

18.

Green, 1., S. Cohen, and R. T. McCluskey, Mechanisms of Tumor
Immunity, Wiiey, New York (1977).

Haber, E., and R. M. Krause (eds.), Antibodies in Human Diagnosis
and Therapy, Raven Press, New York (1976).

Landsteiner, K., The Specificity of Serological Reactions, Harvard Uni-
versity Press, Cambridge, MA (1945).

Maramorosch, K., and R. E. Shope (eds.), Invertebrate Immunity,
Academic Press, New York (1975).

Munster, A. M. (ed.), Surgical Immunology, Grune & Stratton, New
York (1976).

Nelson, D. S. (ed.), Immunobiology of the Macrophage, Academic Press,
New York (1976).

Nisonoff, A., J. E. Hopper, and S. B. Spring, The Antibody Molecule,
Academic Press, New York (1975). '

Pressman, D., and A. Grossberg, The Structural Basis of Antibody
Specificity, W. A. Benjamin, New York (1968).

Salton, M. R. J. (ed.), Immunochemistry of Enzymes and Thetr Anti-
bodies, Wiley, New York (1976).

Snell, G. D.,.J. Dausset, and S. G. Nathenson, Histocompatability,
Academic Press, New York (1976).

Solomon, J. B., Fetal and Neonatal Immunology, North-Holland,
Amsterdam (1971).

Stanworth, D. R., Immediate Hypersensitivity (The Molecular Basis of
the Allergic Response) North-Holland/American Elsevier, Amster-
dam/New York (1973).

Tomasi, T. B., The Immune System of Secretions, Prentice-Hall, En-
glewood Cliffs, NJ (1976).

D. Proceedings of International Colloquia, Symposia, and Workshops

The following list is merely representative of some current topics

published from special symposia dealing with immunochemical or im-
munobiological subjects.

1,

2.

Bellanti, J. A., and D. H. Dayton (eds.), The Phagocytic Cell in Host
Resistance, Raven Press, New York (1975).

Bergsma, D. (ed.), Immunodeficiency in Man and Animals, Sinauer
Associates, Sunderland, MA (1975).

Edelman, G. M. (ed.), Cellular Selection and Regulation in the Immune
Response, Raven Press, New York (1974). '

Nowotny, A. (ed.), Cellular Antigens, Springer, New York (1972).
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10.

.'Oppenheim‘f J. J., and D. L. Rosenstreich (eds.), Mitogens in Immuno-

biology, Academic Press, New York (1976). )

Silvestri, L. G. (ed.), Cell Interactions—Third Lepetit Colloqulum
American Elsevier, New York (1972).

Smith, E. E, and D. W. Ribbons (eds.), Molecular Approaches to
Immunology, Academic Press, New York (1975).

Steiner, G., and E. Schonbaum (eds.), Immunosympathectomy, Ameri-
can Elsevier, New York (1972).

. Conferences devoted to immunology are: International Convocation

on Immunology (Buffalp, NY), 1969 . . . biannual. InternAtional Con-
gress of Immunology, proceedings published as Progress in Immunol-
ogy, 1971 . . . triannual.

Some regularly occurring conferences often wholly devoted to im-
munology are the following (for a iisting, see the Directory of Pub-
lished Proceedings Series SEMT, published monthly by InterDok
Cerporation, P.O. Box 326, Harrison, -NY): Brugge Colloquium on
Proteins and Related Subjects, H. Peeters (ed.), Protides of the Biologi-
cal Fluids, Pergamon Press, Oxford, 1952 ... yearly; New York
Academy of Science meetings published in various volumes of Annuals

.of New York Academy of Science; Brook Lodge Conferences; Leuco-

cyte Culture Conferences; Ciba Foundation Conferences; and Oak
Ridge Conference (yearly).

Reviews

. Advances in Immunology, published yearly (Vol. 1, 1961), Academic

Press, New York.

. Clinical Immunobiology, published biannually (Vol. 1, 1972), Academic

Press, New York.

. Clinical Immunology and Immunopathology, pubiishcd every four

months (Vol. I, 1973), Academic Press, New York.

. Contemporary Topics in Immunobiology, published yearly (Vol. I, 1972),

Plenum Press, New York.

. Contemporary Topics in Molecular Immunology, published yearly (Vol.

I, 1972), Plenum Press, New York.

. Immunological Reyiews, published yearly (begins with Vol. 33, 1977;

Vols. 1-32 are titled Transplantation Reviews), Munksgaard, Copenha-
gen.

. Progress in, Clinical Immunology, published biannually (Vol. I, 1972),

Grune & Stratton, New York.
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8.

9.

The Antigens, published yearly (Vol. I, 1973), Academic Press, New
York. .

Various review publications often contain excellent chapters dealing
with specific aspects of immunology: e.g., Advances in Protein Chem-
istry, Annual Review of Biochemistry, Annual’ Review of Microbiology,
Bacteriological Reviews, Current Topics in Microbiology and Immunol-
ogy, and Progress in Allergy.

F. Journals

S W -

15.
16:

. European Journal of Immunology ..

. Cellular Immunology .
. Clinical and Experimental Immunology.
. Clinical Immunology and Immunopathology

Developmental and Comparative Immunolosy (an international journal

on immunological diversification). _ we
Ay kS

Immunochemistry (aninternational journal of molecular immunology).

. Immunogenetics.

. Immunological Communications.

. Immunology. Official journal of the British Society of Immunology.
. Infection and Immunity. ,

1.
12.
13.
14.

International Archives of Allergy and Applied Immunology.

Journal of Immunogenetics.

Journal of Immunological Methods.

Journal of Immunology . Official journal of the American Association of
Immunologists.

Scandinavian Journal of Immunology.

Many other journals publish immunological investigations and should
be followed: e.g., Journal of Clinical Microbiology, Journal of Experi-
mental Medicine, Journal of Infectious Diseases, Proceedings of the
Society for Experimental Biology and Medicine, Science, Nature, and
journals dealing with experimental pathology, transplantation, and
oncology.
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