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Pretace

The last decade has seen the coming of age of the revolution of biology initiated by the discovery
of the importance and role of DNA in heredity. Because of their simplicity, bacterial viruses
played a focal role in many of the important developments emerging during the early phase of
this period. More recently. animal viruses have had an equally powerful impact on the study of
eukaryotic molecular genetics In conjunction with these fundamental discoveries, the natural
history of infectious diseases has seen equally remarkable changes. Smallpox has disappeared
and AIDS has appeared. With the increasing use of immunosuppression, many indigenous or
“"latent’” viruses have taken on increasing importance. In addition. many ‘‘classic’’ viral infections
have been controlled, in part., by etfective vaccines (polio. measles. rubella) while others have
resisted effective preventatives (respiratory syncytial virus). With the striking new insights in
molecular biology, some important new insights into fundamental features of viruses as infectious
agents have resulted. Not only are there new ways to make vaccines. but the biochemistry of
viruses has begun to answer classic questions about epidemiology and pathogenesis. The goal of
Virology' is to bring together basic and medical aspects of virology in a more unified, compre-
hensive presentation than provided by general textbooks. Thus. Virology is a reference and text-
book for medical and graduate students as well as scientists, physicians, and investigators inter-
ested in viruses as they are represented in the biological sciences.

_This book, Fundamental Virology. consists of a set of chapters reprinted from Virology, Second
Edition. 1Its goal is to provide a text for graduate and upper level undergraduate students, re-
_searchers. scientists and mvestlgators whose primary interests are directed towards basic aspects

‘of wrology rather than its more clinical or applied features. Like the First Edition, this Second

-;",.:Ediﬁﬁn is divided into two parts. The first part. Chapters 1 to 15, presents the basic concepts of
- -general virology while the second part. Chapters 16 to 39. describes the biochemistry, molecular
~ biology and cellular aspeCts of replication of viruses of the different groups.
f_'. An enormous explosion in the information about viruses has occurred in the five years since
' “the First Edition was prepared. In addition to updating all chapters. we have included new chapters
;’oh virus evolution, latency and persistence, virus-cell interactions, cell transformation, replication
“ of retroviruses, HIV, cytomegalovirus. Epstein-Barr virus, papilloma viruses, and agents causing
~_spongiform encephalopathies. This text will be very useful for courses in general or molecular
irology. We hope course instructors will supplement the material in this book with material on
pathogenesis of specific viruses from Virology, Second Edition to further unify the fields of mo-
i ecular virology and pathogenesxs

Bernard N. Fields, M.D.
David M. Knipe, Ph.D.

Vnrologv. an Ed;tiom edued‘by;n. N. Fields, D M Kmpef R, M1 Chanock. M. S, Hirsch, J. L. Melnick, T. P.
Monath, and B. Rouman.kﬁﬂn?séss. 1990, -



Contributors

Rafi Ahmed, Ph.D.

Department of Microbiology and Imnunology
UCLA School of Medicine

10833 Le Comte Avenue

Los Angeles, California 90024

Thomas Benjamin, Ph.D.
Department of Pathology
Harvard Medical School

200 Longwood Avenue
Boston, Massachusetts 02115

Kenneth 1. Berns, Ph.D.
Department of Microhiology

Hearst Microbiology Research Center
Carnell University Medical College
1300 York Avenue

New York, New York 10021

David H. L. Bishop, M.A., D.Se.
National Environment Research Corwroi
Institute of Virology .
Mansfield Road

Oxford OXI 3SR

England

Robert M. Chanock, M.D.

Laboratory of Infectious Diseases . .

National Institute of Allergy aud la[wwx Diseases
National Institutes of Hedth 2

Building 7

9000 Rockville Pike

Bethesda, Marviand 20892

Bruce Chesebro, M:D. = ;
Laboratory of Persistent Viral Diseases
National Institute of Allergy and Infectious Diseases
Natienal Institutes of Health
Rocky Mountain Laboratory

. 903 Southl‘th Smﬂ
Hamilmk. fontan:

2 bonald M Coen, Ph.D.
: bepartmms of Biological Chemistry and Molecular
.. Pharmacology
vard Medical School .
Longwood Avenue
BoSron, Massachusetts 02175

John M. Coffin, Ph.D.

Department of Molecular Biology and Microbiology
Tufts University School of Medicine

136 Harrison Avenue

Boston, Massachusetts 02111

Walter Eckhart, Ph.D.
Salk Institute

P.O. Box 85800

San Diego, California 92138

Mary K. Estes, Ph.D.
Division of Molecular Virologv
Baylor College of Medicine
One Baylor Plaza

Houston, Texas 77030

Bernard N. Fields, M.D.
Department of Microbiology and Molecular Genetics
Harvard Medical School

* 200 Longwood Avenue

Boston, Massachusetts 02115

X1

‘Stephen C. Harrison, Ph.D.

Departments of Biochemistry and s.iuecular Biology
Harvard University .

7 Divinity Avenue

Cambridge, Massachusetts 02139

John J. Holland, Ph.D.
Department of Biology, C-016
University of California at San Die,
La Jolla, California 92093

Kathryn V. Holmes, Ph.D.

Department of Pathology

Uniformed Services University of the Health Sciences
4301 Jones Bridge Road

Bethesda, Maryland 20814

Marshall S. Horwitz, M.D.

Department of Microbiology and Immunology
Albert Einstein College of Medicine

1300 Morris Park Avenue

Bronx, New York 10461



X11 / CONTRIBUTORS

Peter M. Howley, M.D.
Laboratory of Tumor Virus Biology
National Cancer Institute

National Institutes of Health
Building 41 X4

9000 Rockville Pike

Bethesda, Marviand 20892

Wolfgang K. Joklik, D. Phil.

Department of Microbic'cgy and Immunology
Duke University Medical Center

Box 3020

Durham, North Carolina 27710

Elliot Kieff, M.D.

Brigham and Women's Hospital
Thorn Building

75 Francis Street

Boston, Massachusetts 02115

David W. Kingsbury, M.D.
Howard Hughes Medical Institute
670! Rockledge Drive

Bethesda, Maryland 20817

David M. Knipe, Ph.D.

Department of Microbiology and M()/é’( ular Genetics
Harvard Medical School

200 Longwood Avenue
Boston, Massachusetts 02115

Arnold J. Levine, Ph.D. ‘
Department of Molecular Biology
Lewis Thomas Laboratory

Princeton University

Princeton, New Jersev 08541

David Liebowitz, M.D.
Brigham and Women's Hospital
Thorn Building

73 Francis Street

Boston, Massachusetts 02115

Bernard Moss, M.D., Ph.D.

National Institute of Allergy and Infectious Diseases
Natrional Institures of Health

Building 5

9000 Rockville Pike

Bethesda, Maryland 20892

Brian R. Murphy, M.D.
Laboratory of Infectious Diseases

National Institute of Allergy and Infec nous Diseases '

National Institutes of Health
Building 5

9000 Rockville Pike
Bethesda. Maryland 20892

Frederick A. Murphy, D.V.M., Ph. D
Center for Infectious Diseases

Division of Viral Diseases

Centers for Disease Control

Building 1

1600 Clifton Road, NE

Atlanta, Georgia 30333

Jean L. Patterson, Ph.D.

Department of Microbiology and Molecular Genetics
Harvard Medical School :
200 Longwood Avenue

Boston, Massachusetts 02115

Robert F. Ramig, Ph.D.

Department of Virology and Epidemiology
Baylor College of Medicine

One Baylor Plaza

Houston, Texas 77030

William S. Robinson, M.D.
Infectious Diseases Division
Stanford University Medical Center
Stanford, California 94305

Bernard Roizman, Sc.D.

Departments of Molecular Genetics and Cell Biology .
The University of Chicago =

910 East 58th Street

Chicago, lllinois 60637

Roland R. Rueckert, Ph.D.
Department of Biochemistry
Biophyvsics Laboratory
University of Wisconsin

1525 Linden Drive ;
Madison, Wisconsin 53706

Leslie A. Schiff, Ph.D. ¢
Department of Microbiology and Molecular Genetics
Harvard Medical School

200 Longwood Avenue

Boston, Massachusetts 02115

Milton J. Schlesinger, Ph.D.

Department of Microbiology and Immunology
Washington University School of Medicine
P.O. Box 8093

660 South Euclid Avenue

St. Louis, Missouri 63110

Sondra Schlesinger, Ph.D.

Department of Microbiology and Immunology
Washington Umversuv School of Medicine
P.O. Box 8093

660 South Euclid A»vemle

St. Louis, Missouri 63110

Connie S. Schmaljohn, Ph.D.
USAMRIID-Virology Dmsm):
Fort Detrick

Frederick. Marvland 2[ 70l

Amy E. Sears, Ph.D. ; ;
Departments of Molecular Genetks lmd {
The Universitv of Chicago i
910 East 58th Streer
Chicago, Illlinois: 60637

John J. Skehel, Ph.D. e
Narional Institute of Medical Res'—eirrdi:-“"“‘ ARG
The Ridgeway Mill Hill : ;
London NW7 [AA Sy
England




Jack G. Stevens, D.V.M., Ph.D.
Department of Microbiology and Immunology
UCLA School of Medicine

10833 Le Comte Avenue

Los Angeles, California 90024

Mark F. Stinski, Ph.D.
College of Medicine
Department of Microbiology
University of lowa

Iowa City, lowa 52240

Ellen G. Strauss, Ph.D.
Division of Biology

California Institute of Technology
Pasadena, California 91125

James H. Strauss, Ph.D.
Division of Biology

California Institute of Technology
Pasadena, California 91125

Kenneth L. Tyler, M.D.

Department of Microbiology and Molecular Genetics
Harvard Medical School

200 Longwood Avenue

Boston, Massachuserts 02115

CONTRIBUTORS /  Xlll

Peter K. Vogt, Ph.D.
Department of Microbiology
USC Medical Center

2011 Zonal Avenue

Los Angeles, California 90033

Robert R. Wagner, M.D.

Microbiology Department

University of Virginia School of Medicine
Box 441

Charlottesville, Virginia 22908

Don C. Wiley, Ph.D.

Department of Biochemistry and Molecular Biology and
Howard Hughes Medical Institute

Harvard University

7 Divinity Avenue

Cambridge, Massachusetts 02138

Flossie Wong-Staal, Ph.D.
Laboratory of Tumor Cell Biology
National Cancer Institute
National Institutes of Health
Bethesda, Maryland 20892



Contents

Part I General Virology

CHAPTER 1

CHAPYTER 2

CHAPTER 3

CHAPTER 4

CHAPTER D

CHAPTER 6O

CHAPTER 7

CHAPTER &

CHAPTER Y

CHAPTER 10

CHAPTER |

CHAPTER 12

CHAPTER ¢

]

CHAPTER 14

CHAPTER 1

IEQAMCLION. i it vttt i o
Bernard N. Fields and David M. Knipe

VArUS T aAXONOMIY. s as s iaais s A LSS

.......................

o A T e g e Ll Nt SN A

Frederick A. Murphy and David W. Kingsbury

Principles of Virus Structure ........
Stephen C. Harrison

Viral Membranes..© &l Ln el gy
Don C. Wiley and John J. Skehel

Multiplication of Viruses: An Overview
Bernard Roizman

Principles of Animal Virus Genetics . .
Robert F. Ramig

Molecular Genetics of Animal Viruses
Donald M. Coen

Defective Viral Genomes. ...........
John J. Holland

Virus Evolution . s e irn ol Susfaides
Ellen G. Strauss, James H. Strauss.
and Arnold J. Levine

Pathageneésis‘of Miral Infections i i s iiiimaloanns Wi o] o

Kenneth L. Tvler and Bernard N. Fields

ViraliPersistence . & it s e
Rafi Ahmed and Jack G. Stevens

Virus-Host-Cell Interactions ........
David M. Knipe

Cell Transformation by Viruses ......
Thomas Benjamin and Peter K. Vogt

Interferonss abs s riiarss s e
W. K. Joklik

Immunization Against Viruses .......

‘Brian R. Murphy and Robert M. Chanoc

Vil

.....................

.......................

k

291

343

371



JIR R T



CONTENTS

Retroviridae

CHAPTER 27 Retroviridae and Their Replication ........................ 645
John M. Coffin

CHAPTER 28 Human Immunodeficiency Viruses and Their Replication ...... 709
Flossie Wong-Staal

Papovaviridae

CHAPTER 29 Polyomavirinae and Their Replication ...................... 727
Walter Eckhart

CHAPTER 30 Papillomavirinae and Their Replication ..................... 743
Peter M. Howley :

Adenoviridae

CHAPTER 31 Adenoviridae and Their Replication . ......... A e AL 771
Marshall §. Horwitz

Parvoviridae

CHAPTER 32 Parvoviridae and Their Replication............ SREHRBOT 817
Kenneth 1. Berns

Herpesviridae

CHAPTER 33 ' Herpesviridae: A Brief Introduction ... oo oo, 841
Bernard Roizman

CHAPTER 34 Herpes Simplex Viruses and Their Replication ............... 849
Bernard Roizman and Amy E. Sears

CHAPTER 35 Epstein—Barr Virus and Its Replication ..................... 897
Elliott Kieff and David Liebowitz

CHAPTER 36 Cytomegalovirus and Its Replication . ......... 0o 0ueaninn 929
Mark F. Stinski

Poxviridae

CHAPTER 37  Poxviridae and Their Replication ... ... ety LR o PR 953
Bernard Moss

Hepadnaviridae

GHAPTER 38 - 'Hepadnaviridae and -Their' Replication:iv & S v v vl v 989

William S. Robinson

Unclassified Agents

cHAPTER 39  Spongiform Encephalopathies: The Transmissible Agents .. .. .. 1025
Bruce Chesebro

Subject Index ........... R A i o s R S pa e D 1037

1X



PART I

General Virology






CHAPTER 1

Introduction

Bernard N. Fields and David M. Knipe

Fundamernial Virotoey, Second Edition. edited by
B.N. Fields. DM Koipe et oal

Raven Pross. Lrdo, New York o 1991
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INTRODUCTION TO ANIMAL VIROLOGY

Viruses. are replicating microorganisms that ‘are
among the smallest of all life forms. This simplicity has
led to an obligate requirement for intracellular growth
and a heavy dependence on host-cell structural and
metabolic compenents. Although attempts to under-
stand the growth of viruses in cells has occupied much
of the efforts of virologists in recent years, viruses are
still major causes of human disease. Viral discases are
some of the major scourges of humans and include
such virulent disorders as AIDS. yellow fever. rabies,
and poliomyelitis. Even with the prevention and virtual
elimination of some of the more lcthal viral discases
of humans (such as smallpox). viruses remain the most
common of all human ailments. including the common
acute respiratory and gastrointestinal infections. as
well as such important chronic infections as hepatitis
and genital herpes.

In spite of the visibility of these infections. it is a

remarkable and proven fact that the vast majority of

viral infections occur without overt symptoms (hence
are subclinical). Thus, the distinction between infec-
tion (viral multiplication in an infected host) and dis-
ease (the illness due to viral multiplication and its re-
sultant tissue injury) is a critical one that must be made
for all viral infections. With some viral infections there
are few, if any. cases of multiplication of the virus

B. N. Fields and D. M. Knipe: Department of Microbi-

ology and Molecular Genetics. Harvard Medical School,

Boston. Massachusetts 02115.

without overt disease (measles is an example of such
a virus). whereas with others the inapparent infection
rate may be 100 or more cases of viral multiplication
for each clinical case,

In addition to the fact that most viral infections are
inapparent. it is quite clear that many viruses can cause
more than one type of clinical infection. Such infec-
tions may involve more than one organ system (brain,
respiratory tract) and may vary from mild to fulminant
or fatal. Adding further difficulty for the clinician at-
tempting to diagnose a viral infection is the fact that
the same clinical picture (e.g., acute respiratory syn-
drome) may be caused by different viruses. These ob-
servations indicate the absolute dependence on the lab-
oratory .to identify definitively the etiology of an
individual disease, although in the case of certain viral
diseases the clinical findings may be quite distinctive.

Much of virology has emphasized the viruses caus-
ing human illness: however, viruses. being as. simple
as they are. have also played central roles in the un-
raveling of general principles of modern biology. For
example, their simplicity has provided simple genetic
systems that have been useful for unraveling the struc-

ture and function of genes. Viruses have thus been

important in the history of the discipline of molecular
biology. The goal of this book is to present up-to-date,
comprehensive information concerning both medical
and molecular features of viruses of medical impor-
tance. : g
Virology is a new field. It is worth noting that during
the 19th century, before the development of bacteri-
ologic techniques. all infectious agents were ‘‘vi-
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ruses.” and hence crude inoculations were one of the
few techniques available for studving the causes of in-
fectious diseases. [t was only with the developments
bv Koch. who used pure culture techniques. that it
became possible to isolate bacteria as the causative
agent of many infectious diseases. Once bacteria could
be established as etiologic agents, it became possible
to distinguish bacterial from nonbacterial diseases. In
fact. the earliest descriptions of those agents that were
likely to be viruses followed the concept of filterable
“‘agents.'” Such agents were those that appeared in-
fectious. but could not be identified as bacteria by the
techniques developed during the late 1800s. and were
transmitted after passage through a filter that retained
bacteria.

HISTORY OF VIROLOGICAL TECHNIQUES AND
CONCEPTS

Animal Host Systems

One way of looking at the progressive increase in
understanding of viruses that occurred during the 20th
century is to review some of the techniques that have
peen used in virology between the late 1800s and mod-
rn times as well as the concepts that played a role in
inderstanding viruses. It was Pasteur. in 1881, who
ntroduced the systematic use of laboratory animals for
he recognition and study of rabies virus (22). The use
f small laboratory animals for studying viruses and
he inoculation of rabies materials directly into the
rain of rabbits were the forerunners of later studies
vhereby a viral agent could be inoculatéd directly into
. highly susceptible organ or tissue. Another important
andmark occurred around the turn of the century with
he experiments of the U.S. Armyv Yellow Fever Com-
nission under the direction of Walter Reed (23). Their
itudies established that yellow fever virus. the first
ecognized human virus. was present in the blood of
»atients during the first 3 days of the febrile illness,
hat the virus could be transmitted by mosquito bites.
ind that a number of days had to elapse before the
nosquito could further transfer infection, thus defining
n extrinsic incubation *period. It took the studies of
Aax Theiler some 30 years later to develop and sys-
ematically use mice as susceptible animal host to open
he modern phase of work on yellow fever (32). This
pproach ultimately led to other virus isolations, cul-
ninating in the isolation by Daldorf and Sickles, in
948, of the coxsackie group of virusesin suckling mice
%). In addition to mice. the use of chicken embryos
vas introduced during the early 1930s, ‘and this pro-
ided yet another source of susceptible tissues for
irus inoculation and growth, especially for the pox-
irus group. 2

As all these experimental systems were developing,
quantitative techniques were introduced first during
the 1920s for testing lymph containing vacciniavirus in
humans and subsequently for assays of other viruses
starting with the work of Harvey and Acton in 1923
with rabies virus (13).

Cell Culture

Modern virology has been heavily dependent on the
development of cell culture. Cell cultures were initially
introduced during the late 1920s and were extended
during the 1940s to studies of encephalitis viruses; in
the landmark study of Enders et al. in 1949, cultured
cells were shown to be capable of supporting the
growth of poliovirus (12). The growth of peliovirus
ushered in the modern era of virology and initiated a
number of studies that led to the isolation of many of
the viruses involved in important human disease.
Thus, the era of the 1950s and 1960s was a golden age
of medical virology. The isolation of a number of en-
teric viruses (coxsackie, ECHO) and respiratory vi-
ruses (respiratory syncytial virus, adenoviruses) iden-
tified the etiologies of a large number of diseases
previously only hypothesized to be viral in origin. In
parallel with these clinical studies, quantitative virol-
ogy was adapted to cell culture systems when, in 1952,
Dulbecco introduced the plaque assay to animal vi-
rology (11). The plaque assay was a direct extension
of studies involving bacteria and bacteriophages.

Bacterial Viruses and Genetics

The finding that bacteria could be infected by viruses
began in 1917 with the discovery of bacterial viruses
or bacteriophages. d’Herrell thought that virus infec-
tion of bacteria might serve a useful therapeutic pur-
pose (10). He was never able to prove this idea or
convince his peers of its potential. However. his dis-
covery of the bacteriophage took on a new impetus
when during the late 1930s a group of scientists began
to study bacteriophages as models for understanding
virus—cell interactions in precise physicochemical and
genetic terms. Delbruck and Luria, among others, in-
troduced quantitative methodology, carefully devel-
oped systems for studying lytic interactions of the bac-
teriophage, and helped to define the meaning of
mutation and many of the techniques and technical
approaches needed to fully evaluate important genetic
concepts (9,20). Subsequently. studies by Hershey and
Chase proved that the genetic information of bacterial
viruses was encoded in their nucleic acids (14). Fol-
lowing this observation, it was found that viruses pos-
sess either RNA or DNA. Ultimately, many of the
principles on which modern molecular biology is based



were established using studies of bacteriophage infec-
tions of bacteria. In addition to the lvtic interactions
whereby a bacterial virus causes lysis of an infected
bacteria. Lwoff introduced the concept of a vegetative
viral infection whereby the virus enters into the bac-
terial host without causing lysis (21). Such lvsogenic
or vegetative infections have provided important in-
sights into how viruses enter host chromosomes. and
they helped form the conceptual basis concerning how
tumor viruses and latent v1ru~.e§ may interact with
cells.

These phage studies were also at the center of the
revolution of biology that led to molecular biology.
Whereas classic genetic studies did not involve bio-
chemical manipulations, the ability to use bacterio-
phages as genetic tools allowed a blending of genetics
with biochemistry that is at the heart of molecular bi-
ology. With the discovery of the structure of DNA
during the 1950s, bacteriophages have repeatedly
played a key role in developing new insights and new
techniques as to the organization of genes. the tran-
scription of DNA |, the translation of messenger RNAs.
the genetic code, and most recently in the use of vi-
ruses as vectors for recombinant DNA. Technologies
involving molecular genetics have led to the complete

sequencing of viral genes and have provided levels of

understanding barely dreamed of a short while before
(see Chapter 7).

Tumor Induction by Viruses

The concept that viruses could be involved in tumors
originated when it was shown that Rous sarcoma virus
caused tumors in chickens (24) and with the discovery
during the 1930s of mammalian tumor viruses (29).
Such studies proved that viruses could cause tumors.
Subsequently, other viruses were shown to be capable
of producing tumors in various small rodents and nu-
merous other animal species; moreover, within the last
few years direct proof has been obtained that viral
agents are capable of causing tumors in humans (see
Chapters 14, 52, 59, and 68). The components of vi-
ruses responsible for causing tumors are the **viral on-
cogenes.”” This field of study has had additional im-
plications for molecular biology of eukaryotic cells and
treatment of human disease. The viral oncogenes have
provided some of the best model systems to study the
mechanisms of oncogenic transformation of mammal-
ian cells (3) (see Chapter 13). These studies have de-
fined the role and significance of protein kinases and
nuclear proteins in cell growth control (6). The dis-
covery that human tumor cells have mutations in genee

closely related to those used by RNA tumor viruses . ;
to transform cells has given the first insight into the

defects in these tumor cells responsible for tumor in-
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duction. The study of these protooncogenes is a new
and important branch ot the field of oncology and is
one of the most exciting fields in cancer research
(19.28).

Biochemistry, Molecular Biology, and Cell Biology

Historically. much of virology has focused on iden-
tifving viruses ia disease situations by studving the pa-
thology of the discase and determining whether a virus
is the causative agent. However. plant and animal vi-
ruses have also played a role in disciplines other than
those involved in human or animal disease. For ex-
ample. viruses have played an important role in the
discipline of biochemistry.

In 1935 a plant virus. tobacco mosaic Virus. was
crystallized. This provided a powerful tool tor thinking
of viruses as simple chemicals. consisting solely of pro-
tein and ribonucleic acid (30). Other plant viruses were
soon crystallized, but it was not until 1955 that the tirst
human virus, poliomyelitis, was ¢ryvstallized. It is only
during the 1970s and 1980s that the tine details of some
of these crystal structures have been solved and have
begun to help explain the structure and function of
important viral proteins. For example. it has become
teasible to crystallize individual viral proteins such as
the influenza hemagglutinin and neuramimdase. as
well as entire intact virions. such as the plant virus
tomato bushy stunt, rhinovirus, and poliovirus (sce
Chapters 3 and 4). These studies have led to correla-
tions of the biochemical features of individual proteins
with the precise physical structure and function of the
entire virion.

During the 1960s, the techniques of density gradient
and velocity gradient centrifugation allowed invésti-
gators to purify viruses and identify their individual
components and to begin to study in more detail the
pathways of viral assembly. In addition. polyacryla-
mide gel electrophoresis was introduced and was help-
ful in resolving multiple protein species. initially with
poliovirus and eventually in analyzing the more com-
plex protein and nucleic acids of viruses and cultured
cells.

During the 1950s. virus particles were thought of as
packages of nucleic acids and proteins. The “‘inert”
nature of the viral particle was, however, not fully con-
sistent with the neuraminidase activity of influenza and
the lysozyme-like enzymes in bacteriophage tails. Dur-
ing-the 1960s and early 1970s, a number of viral en-
zymes were discovered, most notably the RNA po-

lymerase in vaecinia virus (16) and in a number of RNA
wviruses (17). The most remarkable enzyme was the re-
_verse transcriptase found in retroviruses capable of
‘transcribing RNA to DNA (1.31). More recently. en-
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zymes capable of performing capping of mRNA have
been detected (27).

The study of eukaryotic viral gene expression by
recent techniques of nucleic acid biochemistry has also
vielded fundamental information about eukaryotic mo-
lecular biology. For example. the polyadenylated 3’
ends (16) and splicing of mRNAs (2) were first ob-
served with animal viruses. The sequence signals reg-
ulating transcription and translation of eukaryotic
mRNAs have been defined first for viral genes and
mRNASs in many cases (see Chapter 7).

Virus infection of cells provides a probe of the struc-
tural organization of the cell because viruses interact
so intimately with the host-cell macromolecular ma-
chinery. The study of the cell biology of viral gene
products has provided insight into the mechanisms of
membrane protein localization and nuclear localiza-
tion, for example. Chapter 12 describes the study of
virus interactions with the host cell and the multiple
kinds of information that derive from these studies.

Electron Microscopy and Ultrastructure

Although *'spores of micrococci’ ™ were noted in vac-
cine lymph as early as 1886. it was not until the use
of electron microscopy in 1940 that the complex struc-
ture of bacteriophage was reported (25). Although de-
tails of ultrastructure of viral particles were not seen
in the early studies. the sizes of virus particles were
measured and compared to the measyrements obtained
by filtration and other techniques. Although there was
some variability in measurements, it was clear that the
largest viruses were only slightly smaller than bacteria
whereas others were extremely small. The use of the
negative-contrast staining method was a powerful ad-
vance that allowed unfixed material and crude virus
suspensions to be analyzed (4). By this time. certain
basic principles of virus assembly had been proposed,
and it was becoming clear that viral capsids were
largely helical or icosahedral (5.7) (see Chapter 3).

An interesting application of electron microscopy
was appreciated only Jater when this method was used
to identify viruses that were fastidious in their growth
properties. such as the causative agents of viral gas-
troenteritis (rotaviruses and Norwalk agents) and hep-
atitis. In addition to these common diseases. electron
microscopy played a central role in identifying the eti-
ologic agents of subacute sclerosing panencephalitis
and progressive multifocal leukoencephalitis.

lmmunillogy i
‘(‘)n.e of thé.g@als of virology has always been to learn

how to prevent viral diseases. Consistent with progress
toward this goal have been the increasing insights into

the two forms of host immunity: humoral and cellular
(see Chapter 14). The techniques of immunology dur-
ing the early part of the 20th century.were very im-
portant in classifying viruses and determining the role
of viruses and nature of immunity against viruses.
Three techniques have played central roles in studying
and classifying viruses. An important immunological
technique helpful for rapidly identifying viral agents,
heniagglutination, was discovered by Hirst during the
1940s (15). Hewmagglutination, the clumping and ag-
gregation of red blood cells, is a rapid physical measure
of the presence of a virus whose surface proteins cause
agglutination of red blood cells. This technique has had
wide impact on the study of viruses and their assay.
During the 1960s. the introduction of radioimmune as-
says similarly had a powerful impact on the ability to
rapidly. and with great sensitivity. identify viruses and
assay them by immunological means. The use of mon-
oclonal antibodies introduced within the last decade
has also provided a most powerful tool for identifying
specific regions, or epitopes, on viral proteins and for
providing very specific probes for individual viral pro-
teins (18).

Studies involving the ability to grow and clone var-
ious T lymphocytes have begun to have important im-
pact on virology. The ability to grow pure T cells has
allowed immunologists to identify the role of different
cell types in the defense against viral infections and,
in addition. has provided cells that are useful for iso-
lating and identifying viruses that grow specifically in
these types of lymphoid cell (e.g.. human retroviruses;
see Chapter 28). The ability to combine monoclonal
antibody techniques with molecular cloning and re-
combinant DNA techniques has provided a powerful
approach for isolating and identifying the
T-cell receptor (26). This finding has helped elucidate
the fact that T cells recognize small peptides in asso-
ciation with class 1 or class 11 molecules on the surface
of infected cells.

Prevention and Treatment

Although the various approaches for studying vi-
rology range from the most fundamental ones con-
cerned with issues of structure and function of mac-
romolecules to the most practical ones involving
identification of viral agents in disease. it is clear that
the prevention and treatment of viral infection is one
of the major goals of all of virology and certainly the

- ene with the most practical impact on human disease.

The first human vaccine introduced by Jenner against
smallpox 200 years ago eventually led to-the eradica-

tion of this viral disease. Other vaccines, such as the
- yellow fever vaccine, reduced and controlied other im-
- portant major epidemic diseases. Certain vaccines,



such as those against polio, measles, mumps, and ru-
bella, have dramatically modified or reduced some of
the most important of modern diseases. However, it
is clear that there remain”a number of viral agents to
which effective vaccines are not available (e.g., res-
piratory syncytial virus) or to which effective vaccines
are limited in their uses (e.g., hepatitis virus). During
the 1980s, a number of new approaches have emerged
that have created great optimism among virologists
that there will be a new set of antiviral vaccines (see
Chapter 15). A number of new technologies have been
.introduced, including (a) recombinant DNA with pro-
duction of individual proteins, (b) insertion of genes
into viruses such as vaccinia and herpes that can en-
code additional immunogenic proteins, and (c) simu-
lation of viruses using immunologic means or ‘‘anti-
idiotypes.’’ All these approaches have been shown
under various experimental conditions to have the po-
tential to generate candidate vaccines. Thus, it is likely
that we are at the threshold of a new era in the de-
velopment of newer and safer vaccines. In addition,
many of the technologies used for fundamental studies
are increasingly being adapted to the study of how viral
infections are caused at the most fundamental level
(see Chapter 10). The emergence of the AIDS epidemic
in the last few years (see Chapter 28) has highlighted
how important it is to couple fundamental studies to
clinical studies in attempting to conrtrol a viral disease.
It is likely that, as these studies are extended to more
and more viruses, new ways of thinking about the
treatment of viral diseases should emerge. Although,
in general, viral infections have been more resistant
than bacterial infections to chemotherapy, the last sev-
eral years have seen the use of several drugs that have
effective antiviral action. These areas of basic and
medical virology pose the problems of the future for
animal virology.
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