CELL SURFACE REVIEWS, Volume 2

VIRUS INFECTION AND THE CELL
SURFACE




VIRUS INFECTION AND THE |
CELL SURFACE

Edited by
GEORGE. POSTE
Roswell Park Memorial Institute, Buffalo, N.Y.
and

GARTH L. NICOLSON

Department of Developmental Biology, -
University of California, Irvine, CA

/

NORTH-HOLLAND PUBLISHING COMPANY
AMSTERDAM - NEW YORK - OXFORD



© Elsevier/North-Holland Biomedical Press, 1977

All rights reserved. No part of this publication may be reproduced, stored in a retrieval system, or
transmittéd, in any form or by any means; electronic, mechamcal photocopying, recording or
otherwise, without the prior penmssion of the copyright dwner.

ISBN North-Holland: 07204 0598 X

PUBLISHED BY:

Elsevier/North-Holland Biomedical Press
335 Jan van Galenstraat, P.O. Box 211
Amsterdam, The Netherlands

SOLE DISTRIBUTORS FOR THE U.S.A. AND CANADA:
Elsevier/North-Holland Inc.

52 Vanderbilt Avenue

New York, N.Y. 10017

Library of €ongress Cataloging in Publication Data
Main entry under title:

Virus infection and the cell surface.

(Cell surface reviews ; v. 2)
Bibliography: p.
Includes index.
1. Host-virus relationships. 2. Plasma mem-
branes. 3. Virus diseases. I. Poste, G.
II. Nicolson, Garth L. III. Series.
qRrUB2.v57 591.8'765 76-50611
ISBN O-7204-0598-X

PRINTED IN THE NFTHERLANDS



Géneral preface

Research on membranes and cell surfaces today occupies ceriter stage in many
areas of biology and imedicine. This dominant position réflects the growing
awareness that many important biological processes in aninial and plant cells and
in microorganisms are mediated by these structures. The extraordinary and
unprecedented expansion of knowledgeé in molécular ;b"iol‘ogy, genetics,
biochemistry, cell biology, microbiology and immunology over the last ‘fifteefi
years has resulted in dramatic atlvances in our understanding of the p‘ropemes
of the cell surface and heightened our appreciation of the subtle yet complex,
nature of cell surface organization.

The rapid growth of interest in all facets of research on cell membranes and
surfaces owes much to the convergence of jdeas and results from seémingly
disparate disciplines. This, together with the recognition of common patterns of
biological organization in membranes from highly different forms of life, has led
to a situation in which the sharp boundaries between the classical biological
disciplines are rapidly disappearing. The investigator interested in cell surfaces
must be at home in many fields, ranging from the detailed biochemical and
biophysical properties of the molecules and macromolecules found in mem-
branes to merphological and phenomenological descriptions of cellular struc-
ture and cell-to-cell interactions. Given the broad front on which research on cell
surfaces is being pursued, it is not surprising that the relevant literature js
scattered in a diverse range of journals and books, making it increasingly
difficult for the active investigator to collate material from several areas cf
research. Thus, while scientists are becoming increasingly specialized in their
techniques, and in the nature of the problems they study, they must interpret
their results against an intellectual and conceptual background of rapidly
expanding dimension. 1t is with these conflicting demands and needs in mind
that this series, to be known under the collective title of CELL SURFACE
REVIEWS, was conceived.

CELL SURFACE REVIEWS will present up-to-date surveys of recent ad-
vances in our understanding of membranes and cell surfaces. Each volume will
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contain authoritative and topical reviews by investigators who have contributed
to progress in their respective research fields. While individual reviews will
provide comprehensive coverage of specialized topics, all of the reviews pub-
lished within each volume will be related to an overall comimon theme. This
format represents a departure from that adopted by most of the existing series
of “review” publications which usually provide heterogeneous collections of
reviews on unrelated topics. While this latter format is considerably more
convenient from an editorial standpoint, we feel that publication together of a
number of related reviews will better serve the stated aims of this series-to
bridge the information and specialization “‘gap” among investigators in related
areas. Each volume will therefore present a fairly complete and critical survey of
the more important and recent advances in well defined topics in biology and
medicine. The level will be advanced, directed primarily to the needs of the
research worker and graduate students.

Editorial policy will be to impose as few restrictions as pos31ble on contributors.
This is approprlatc since the volumes published in this series will represent
collections of review articles and will not be definitive monographs dealing with
all aspects of the selected subject. Contributors will be encouraged, however, to
provide comprehersive, critical reviews that attempt to integrate the available
data into a broad conceptual framework. Emphasis will also be given to
identification of major problems demanding further study and the possible
avenues by which these might be investigated. Scope will also be offered for the
presentation of new and challenging ideas and hypotheses for which complete
evidence is still lacking.

The first four volumes of this series will be published within one year, after
which volumes will appear at approximately one year intervals.

. George Poste
Garth L. Nicolson

Editers.



Contents of previous and
forthcoming volumes

Volume 1

THE CELL SURFACE IN ANIMAL EMBRYOGENESIS AND
DEVELOPMENT

Fertilization — R.B.L. Gwatkin (Rahway)

Cytokinesis in Animal Cells: New Answers to Old Questions~J.M. Arnold
(Honolulu) . .

The Implanting Mouse Blastocyst MI Sherman and L.R. Wudl (Nutley)
Cell Surface Antigens in Mammalian Development - M. Edidin, (Baltimore)
The Transport of Molecules Across Placental Membranes - R.K. Miller (Roches-
ter) T.R. Koszalka, and R.L. Brent (Philadelphia)

Mechanism of Metazoan Cell Movements — J.P. Trinkaus (New Haven)
Inductive Tissue Interactxons L. Saxen, M. Karkmen-Jaaskelamen, E. Lehto-
nen, S. Nordling and J. Wartiovaira (Helsinki)

Cell Coupl;ng and Cell Commumcanon during Embryogenesis - ].D, Shendan
(Minneapolis) , _ o

Transduction of Pos*xonal‘lnformation during Development — D. McMahon and
C. West (Pasadena)

Cell Interactions in Vertebrate Limb ngelopment D.A. Ede (Glasgow)
Heart Development Interactions Involved in Cardiac Morphogenesis — F.J.
Manasek (Chicago)

Development and Dxﬁerentmuon of Lymphocytes —I. Goldschnender and R.W.
Barton (Farmington)

In Vitro Analysxs of Surface Spec1ﬁc1ty in Embryonic Cells - D. Maslow (Bnﬁalo)

Volume 3

DYNAMIC ASPECTS OF CELL SURFACE ORGANIZATION

The Dynamics of Cell Membrane Orgamzatwn "G.L. Nlcolson (San Dnego) G.
Poste (Buffalo) and T.H.Ji (Laramie)

Freeze-Fracture Techniques and Applxcatlon to the Structural Analys;s of the
Mammalian Plasma Membrane N S. McNutt (San Franélsco)



viii

Exchange of Phosphalipids between Membranes - J.C. Kader (Paris)

The Influence of Membrane Fluidity on the Activity of Membrane-Bound
Enzymes — H.K. Kimelberg (Albany)

Glycolipids as Membrane Receptors Important in Growth Regulatxon and
Cell-Cell Interactions — D.R. Critchley and M.G. Vicker (Leicester). %~
Cell Surface Proteins: Changes during Cell Growth and Mahgnant
Transformation — C.G. Gahmberg (Helsinki)  ~

Shedding of Tumor Cell Surface Antigens—-M.R. Price and R.W. Baldwin
(Nottingham)

Expression of Cell Surface Antigens on Cultured Tumor Cells - M. kaes
(Lausanne) and S. Friberg (Stockholm) :

Somatic Genetic Analysis of the Surface Anugens of Murine Lymphoid
Tumors —R. Hyman (San Diego)

Dynamics of Antibody Binding and Complement Interactions at the Cell .
Surface - K.G. Sundqyvist (Stockhcim)

Mitogen Stimulation of B Lymplocytes. A Mitogen Receptor Complex Whlci'l
Influertces Reactions Leading to ’roliferation and Dlﬁerentlatlon J. Anderson
(Uppsala) and F. Melchers (Bas:l)

f

Volume 4
THE SYNTHESIS, ASSEMBLY AND TURNOVER OF CELL

SURFACE COMPONENTS

The Golgi Apparatus and Membrane Biogenesis - J. Morré (Lafayette)
Biosynthesis of Plasma Membrane Proteins - G.M.W. Cook (Cambridge)
Turnover of Proteins of the Eukaryotic Cell Surface J. Tweto anid D. Doyle
(Buffalo)

Manipulation of the Lipid Com posmon of Cultured Ammal Cells A F. Horwitz
(Phlladelphna)

Origini and Fate of the Membranes of Secretionr Grafiules and Synapuc Vesicles -
E. Holtzman, S. Schacher, J. Evans and S. Teichberg (New York) o
Structure and Functioti of Surface Immunoglobin of Lyinphocytes—E R. Un-
anue and G.F. Schreiner (Boston)

The Myelin Sheath A Structural Examination = M.G. Rumsby and A] Crang
(York)

Cell Surface Changes in Phagocytosis — P. Elsbach (New York)

Plasma Mémbrane Assembly as Related to Cell Division - J. Bluemink and S. W.
de Laat (Utrecht)

Blosynthesm and Assembly, of Bacterial Cell Walls - J.M. Ghuysen (Liége)
The Bacterial Cell Surface in Growth and Division — L. Daneo-Moore and G.D.
Shockman (Philadelphia) =

The Synthesis and Assemb]y of Plant Ce"ll“W‘alls Posslblc Control Mechanisms -
D.H. Northcote (Cambridgé) =~

Envelopes of Lipid-Containing Viruses as Models for Membrane Assembly L
Kaarlanen and O. Renkonen (Hel;mkl)

Lipid Interactions - R.M. Franklin (Basel)

Development of Cortlcal Structure in Protozoa— T.M. Sonneborn (Indiana)



Vlruses are intracellular parasnes whlch multlply by redlrectmg the synthetic
machmery of host cells to the producuon of new infectious virus ‘particles. Virus
multiplication thus represents a highly specific pattern of altered blosyntheses in
an otherwise normal cell. The more-or-less complete integration of viruses with
the activities of the host cell preserits a ma]or obstacle to the therapeutic control
of virus infection, yet it is this property that makes viruses of considerable value
as probes for examining cellular organization. Thus many of the questions
concerning specificity, replication and pathogericity in virus mfectlon can in fact
be viewed as problems in investigative cell biology and a number of problems
pertinent to both virology and cytology can be formulated in common terms.

The diverse properties shown by the major groups of animal viruses in their
mode of entry into the cell, the mechanism and site of their intracellular
replication and the way in which newly synthe ized virus subunits are assembled
and released from the cell as progeny virions cteate a broad pattern of virus-host
cell interactions. This diversity reflects the great potenual of viruses as probes for
studymg cellular organization, since different viruses or even individual strains of
the same virus can be selected to.induce any one of a wide range of changes
affecting various cellular functions. The value of this approach is well illustrated
by the considerable body of information on the basic properties of cellular
membranes derived from obseérvations of virus-infected cells.

The information gained from the study of the interaction of animal viruses
with host cell membranes is quite diverse. Analysis of the initial attachment and
binding of viruses to the cell surface and the subsequem invasion (penetration)
of the cell not only offers insight into those factors which can detérmine whether
the cell will be infected successfully but also prov1des useful mformauon on the
functional orgamzatron of the cellujar plasma membrane. Host cell membranes
also play major roles in many aspects of the virus replication process itself.
Evidence is accumulating that the synthesis of many viral components including
nucleic acids, takes place in association with subcellular membranes. Character-
ization of these membrane-associated functions in virus replication may there-
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fore offer some'insight\into the likely role of cell membranes in controlling the
synthesis of similar types of molecules in the normal uninfected cell. In the case
of the enveloped animal viruses, the membranes of the host cell are also involved
in the final assembly and release of new virions. With the exception of the pox
viruses in which the virus envelope is apparently synthesized de novo, all of the
enveloped animal viruses derive their envelope from pre-existing cellular
membranes. This flow of virus-specified proteins and glycoproteins, together
with most membrane lipids and perhaps certain other host cell components, into
newly forming virus particles can be used as an experimental system for studying
a number of questions concerning membrane biogenesis, including: the site(s) of
synthesis of different membrane macromolecules; the interaction of proteins,
lipids and other macromolecules in membranes; and the mechanism(s) for
translocation of membrane components between intracellular membranes and
the plasma membrane. Since many animal viruses inhibit cellular biosynthetic
processes during their own replication, these questions can often be studied
against a low or non-existent background of cell-directed synthesis. Another
attractive feature is that the morphogenesis of different classes of enveloped
viruses involves different cellular membrane systems. By selection of an appro-
priate virus it is thus possible to study virus-induced modification of the nuc-
lear membrane, the endoplasmic reticulum and the plasma membrane. Since the
lipid composition of most enveloped animal viruses closely resembles that of
their membrane of origin, the new progeny virions released from various
cellular membranes can serve as probes for studying the lipid composition of the
membranes in question.

Other aspects of the interaction between viruses and membranes are also of
interest. Some of the cytopathic effects of viruses reflect alterations in membrane
function. Virus-induced antigenic modification of the cellular plasma membrane
assumes significance not only in determining the effectiveness of the host’s
immune response to infection but also in inﬂuencing the extent and nature of
the tissue and cell damage accompanying virus infection. Finally, viral modifica-
tion of the cellular plasma membrane can produce changes in the social behavior
of infected cells such as cell agglutination, cell fusion and, in the case of cells
transformed by oncogenic viruses, aberrant patterns of cell growth control and
cell-to-cell recognition.

This volume contains nine reviews describing virus-induced changes in
mammalian cell membranes. It is clearly impossible within the limits of a single
volume to fully review the large repertoire of virus-membrane interactions
already identified in productive and fransforming infections caused by the
various major groups of animal viruses. In selecting the topics for review in this
volume we have placed deliberate emphasis on studies done with non-oncogenic
viruses. This decision was motivated by two considerations. Fu-stly, studies on the
membrane alterations found in cells transformed. by oncogemc viruses have
received considerable attention over the past few years and further review in this
volume would serve little purpose. Secondly, it is our conviction, and that of the
contributors to this volume, that expenmental studws on the effects of non-
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oncogenic animal viruses on mammalian cells and their membranes, though
often less publicized than comparable work with tumor viruses, can serve as a
valuable research tool for studying membrane organization and function.

We thank the contributors for their efforts in preparing their respective
articles. While every attempt has been made to ensure rapid publication, it is
often difficult in a multi-author volume to achieve exact synchrony in the receipt
of contributions. We therefore extend our apologies to those contributors who
helpfully supplied their reviews earliest but now find them the least up-to-date.
We also thank Adele Brodginski, Judy Kaiser, Molly Terhaar, Shirley Guag-
liardi and Alice MacKearnin for their assistance in preparing the. edited
manuscripts.

George Poste
Buffalo, New York
January, 1976

Garth L. Nicolson
Irvine and San Diego, California
January, 1976
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