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Animal viruses have acquired the ability to multiply in mammalian cells and maintain a
selective advantage over the host, either through lytic or latent stages. Viruses assure
their muttiplication by the utilization of multiple strategies. It is through a combination of
strategies that viruses gain entry into cells, take over the host cell translational
machinery, control transcription and scape immune surveillance. How animal viruses
manage to scape the different mechanisms that the host cell uses to eliminate an
infection was the subject of the workshop entitled “Viral Evasion of Host Defense
Mechanisms” sponsored by Fundacién Juan March. As Bemie Fields put it, this topic
has its own right to be a chapter on a virology text book.

After the 26 communications, it became clear that viruses encode a number of genes
that subvert the host defenses using a variety of ways. The interference mechanisms
used for viral evasion and the viral genes involved are outlined:

1. Interference with inflammatory responses. This has been best characterized
in poxviruses. A number of genes have been identified in vaccinia virus: a 38KDa
protein, A44L, with homology to human 38-hydroxysteroid dehydrogenase which
affects infiltration of neutrophils in tissues; a 55KDa protein, B15R, that shares
homology with the typell IL-1 receptor and suppresses the IL-1 mediated local and
systemic effects (Smith); serine protease inhibitor( Serp-1) of myxoma prevents an
early inflammatory response and might have clinical benefits, as preliminary results by
McFadden indicate a reduction in artheroma formation when this protein was infused
in blood vessels.

2. Interference with the complement cascade. A well characterized protein of
35KDa encoded by vaccinia virus gene G21L was presented by Moss. This protein
binds to complement components C4b and C3b and interferes with both the classical
and altemative pathways. Poxviruses and herpesvirus might scape the complement-
mediated virus neutralization thought interference by the virus complement control
protein.

3. Interference with the action of cytokines. Because cytokines are produced by
infected cells, the virus has to counteract their action. This effect was described at two
levels: interierence with the receptor and inactivation of cytokine-mediated cellular
responses. Two genes were described in myxoma virus ( McFadden ) that encode an
homolog of the tumor necrosis factor(TNF) receptor and of interferon(IFN)-gamma
receptor. Adenovirus encode four proteins, the products of the ESA( 14.7, 14.5 and
10.4 KDa ) and of E1B ( 19 KDa) regions that are involved in preventing TNF-mediated
cell destruction (apoptosis); the E1A region is necessary to induce cellular sensitivity
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to TNF ( Gooding, Wold ). Animal studies using vaccinia recombinants revealed that
indeed, coexpression of adenovirus E3 product(14.7 KDa ) and of TNF results in
increased pathogenicity( Horwitz ).

Various presentations concemed the signal transduction pathways In response to IFN
and the mode of action of the IFN-induced ds-RNA dependent protein kinase(PKR)
and of 2-5A-dependent RNase. Gene products with roles in the activation pathways by
IFN-alpha-beta (tyrosine kinase Tyk2 ) and by IFN-gamma (tyrosine kinase of the JAK
family) were described (Kerr ). The signal transduction pathway triggered by IFN is
being uncovered gradually. PKR has antiviral and tumor repressor function(
Hovanessian). These various effects are likely to be the consequence of inhibition of
protein synthesis by phosphorylation of initiation factor elF-2 and by induction of
apoptosis ( Esteban ). As shown in vitro the transctiptional factor IKB is a target of PKR
and, this in turn, might release NFkB from the complex and activate transcription of
cellular genes( Williams). Adenovirus evades the action of PKR by production of the
short VA RNA1 with a central domain responsible for inhibition of the kinase ( Mathews
). The transactivator protein Tat of HIV-1 could be responsible for resistance of the virus
to IFN by inactivation of PKR, while the IFN-induced $-27 gene product could be
responsible for inhibition of HIV replication( Pitha ). Influenza virus has also developed
a strategy to overcome PKR by the induction of p58, a cellular protein that binds and
inactivates the kinase; the gene maps in human chromosome 2p21 ( Katze). Another
protein with antiviral action is the 2-5A-dependent RNase whose gene has been
isolated and shown to confer resistance to picomavirus when overexpresed in cells(
Silverman); as yet no viral gene products have been identified that interfere with this
enzyme.

4. Repression of MHC class | synthesis. Another way to evade immune
surveillance is by preventing presentation of MHC class | antigens at the cell surface
and avoid killing by cytotoxic T lymphocytes. This process has been well characterized
in the case of adenovirus type 12. Production of E1A protein by Ad12-infected cells
tums off expression of MHC class | genes. The enhancer domains( -205 to -159 ) for
class | expression and the binding sites were characterized in detail ( Ricciardi, van
der Eb ).These studies help to understand the long-term persistence and
tumoregenicity exhibited by Ad12.

5. Interference with cell adhesion molecules.These type of molecules play
important roles in the activation of immune cells, natural killer, helper and cytotoxic T
cells. Virus interference with cell adhesion molecules should reduce the extent of
immune surveillance. A gene, EP402R, with extensive homology to CD2, an adhesion
receptor present in the cell membrane of immature thymocytes, mature T cells and
natural killer cells has been identified in African swine fever virus (Rodriguez).
Understanding how the virus CD2 homolog interferes with the natural receptor will
help in the development of strategies that could control ASFV infection.

6. Interference with virus entry. The host uses several mechanisms to prevent
virus entry into cells, like B-cell activation with production of neutralizing antibodies.
Detail analysis on the three dimensional structure of the influenza virus
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haemagglutinin (HA) revealed important contact sites for neutralizing monoclonal
antibodies on the most distal part of the HA1 molecule. Recent crystallographic data
on fragments of HA indicate dramatic changes in protein conformation from the
inactive state( at neutral pH ) to the active and fusogenic state (acid pH ) of the
molecule.(Skehel ). Strategies to prevent mucosal infection through expression in the
milk of neutralizing antibcdies might provide the means to control a severe animal
disease caused by Transmissible gastroenteritis virus (Enjuanes).

7. Genetic diversity. Viruses scape immune surveillance through high rates of
mutations in viral structural genes during replication ¢ycles. A remarkable example
was presented for HIV{ Wain-Hobson). It was shown that pulps taken from the same
tissue(spleen) of an individual with HIV-1 infection have high rates of mutations in the
envelope gene(V1 and V2 regions). The error rates of the reverse transcriptase of the
virus is a strategic advantage for the virus, since dominant mutants will be selected in
vivo. Another example is foot-and-mouth disease virus, where a detail analysis of the
mutations in VP1 during virus persistence in culture has been determined and found to
be comparable with mutations introduced in natural isolates (Domingo ).

8. Interference with non-specific host responses. This area of research was
best illustrated with reovirus.This virus has various strategies to resist inactivation by
acid pH, to bind to the receptor, during interaction with membranes, virulence and
during conversion of mature particles to ISVP, a form responsible for cromium release
of infected cells( Fields).

9. Transformation of lymphocytes. Through the process of transformation a virus
can perpetuate its own genetic information. An example was presented with herpes
saimiri that transforms primary human T-lymphocytes to permanent cells lines.The left
terminal stp-C gene is required for transformation( Fleckenstein). In the case of
Epstein-Barr virus(EBV) the gene LMP2 expressed during latency in B lymphocytes
provide a selective advantage since it prevents activation of lytic EBV infection(Kieff).

10. The Mx gene family. The gene products of these family have GTPase activity
and inhibit the replication of several RNA viruses. Studies by Staheli and Paulovic
have defined protein domains of human MxA and mouse Mx1 important for biological
functions. In vitro systems have been developed that allow measuments of
transcription of VSV and influenza virus in the presence of purified Mx proteins. These
studies suggest that Mx1 interacts with the polymerase subunit PB2 of influenza and
blocks initiation and elongation of transcription. '



I. Virus Defense Mechanism During

Acute Infections
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Evasion by poxviruses of complement mediated host defense mechanisms

Bemard Moss, Laboratory of Viral Diseases, National Institute of Allergy
and Infectious Discases, National Institutes of Health, Bethesda MD, 20892
USA

The complement system contributes to host defense against a wide variety of
microorganisms. Although most studies have focused on the role of
complement in the opsinization of bacteria, there is renewed interest in the
effects of these proteins on virus infections. One stimulus for this interest is
the finding that members of the herpesvirus and poxvirus families encode
complement regulatory proteins. Putative complement regulatory proteins of
vaccinia virus were recognized by the presence of 60 to 70 amino acid short
consensus repeats (SCR). The vaccinia virus complement control protein
(VCP), has an apparent Mr of 35,000 and is secreted in large amounts early
during vaccinia virus infection. The open reading frame, C21L, is predicted
to encode a 28.6-kDa protein with 4 SCR that have a 38% identity with
those of the human C4-binding protein. Initial experiments indicated that
VCP inhibited complement-mediated hemolysis of sensitized sheep
erythrocytes. Further studies demonstrated that VCP binds to both C4b and
C3b and serves as a co-factor with Factor I in cleaving these two molecules,
In addition, VCP inhibited the formation and accelerated the decay of the
classical complement pathway convertase. The viral protein also accelerated
decay of the alternative pathway convertase, although higher concentrations
were needed. Thus, VCP interferes with several steps in both the classical
and alternative pathways of complement activation. Several approaches have
been taken to determine possible roles of VCP in evasion of host defense
mechanisms. In vitro studies demonstrated that VCP, at concentrations
present in the medium of infected cells, can prevent antibody-dependent
complement-enhanced neutralization of vaccinia virus infectivity. By
contrast, no such activity was present in the medium of cells infected with a
mutant virus lacking the VCP gene. Although such mutants replicate
normally in tissue culture cells, they are greatly attenuated when injected
into animals; skin lesions were smaller and healed more rapidly. The
resolution of the lesions coincided with the appearance of virus neutralizing
antibody in the infected animals.

Glycoprotein gp42, with an Mr of 42,000, is encoded by the 317-
amino acid B5R open reading and also has 4 SCR. Unlike VCP, gp42 is a
class I integral membrane protein and is present on the surface of
extracellular virions. Deletion of the BSR gene inhibits extracellular virus
envelope formation and dissemination. The severe attenuation of BSR
deletion mutants, therefore, can be attributed to the effect on transmission. A
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truncated form of gp42, that is secreted from infected cells, has been
engineered and efforts to detect binding to C4b and C3b are in progress.

Kotwal, G. J. and B. Moss. 1988. Vaccinia virus encodes a secretory
polypeptide structurally related to complement control proteins. Nature.
335:176-178.

Kotwal, G.J., S. N. Isaacs, R. Mckenzie, M. M. Frank and B. Moss. 1990.
Inhibition of the complement cascade by the major secretory protein of
vaccinia virus. Science. 250:827-830.

Isaacs, S. N., G. J. Kotwal and B. Moss. 1992. Vaccinia virus complement-
control protein prevents antibody-dependent complement-enhanced
neutralization of infectivity and contributes to virulence. Proc. Natl. Acad.
Sci. USA. 89:628-632.

McKenzie, R., G. J. Kotwal, B. Moss, C. H. Hammer and M. M. Frank.
1992. Regulation of complement activity by vaccinia virus complement-
control protein. J. Inf. Dis. 166:1245-1250.

Isaacs, S. N., E. J. Wolffe, L. G. Payne and B. Moss. 1992. Characterization
of a vaccinia virus-encoded 42-kilodalton class I membrane glycoprotein
component of the extracellular virus envelope. J. Virol. 66:7217-7224.

Wolffe, E. J., S. N. Isaacs and B. Moss. 1993. Deletion of the vaccinia virus
B5R gene encoding a 42-kilodalton membrane glycoprotein inhibits
extracellular virus envelope formation and dissemination. J. Virol. §7:4732-
4741.
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VACCINIA VIRUS EXPRESSES 33-HYDROXYSTEROID DEHYDROGENASE AND
AN INTERLEUKIN-13 RECEPTOR.

Geoffrey L. Smith, Jeffrey B. Moore and Antonio Alcami.

Sir William Dunn School of Pathology, University of Oxford, South Parks Road, Oxford
OX1 3RE, UK.

Vaccinia virus displays many strategies to interfere with the host response to infection. Two
of these will be described: one is the expression of an enzyme that synthesizes steroid
hormones; the second is the secretion of a soluble receptor for interleukin-1f.

Open reading frame SalF7L (A44L in vaccinia Copenhagen) encodes a 38 kDa protein with
31% amino acid identity to human 3B-hydroxysteroid dehydrogenase (33-HSD). This is a
essential enzyme in the synthesis of steroid hormones. The vaccinia gene is expressed early
during infection and the protein is an active 3B-HSD that can convert pregnenolone to
progesterone in vitro. A virus deletion mutant lacking the gene grows normally in cell
culture but is attenuated in a murine intranasal model compared to the WT virus and a
revertant virus in which the 33-HSD gene is re-inserted into the mutant genome. Murine
nasal infection by the deletion mutant is characterised by an increased inflammation of lung
tissue and lower amounts of virus in lungs and other organs.

Gene BI5R of vaccinia virus strain WR encodes a 55 kDa glycoprotein that is secreted from
infected cells late during infection. The protein contains three immunoglobulin domains that
collectively share 32% amino acid identity with the external domain of the type II IL-1
receptor (IL-1R). The B15R protein binds IL-1B with high affinity (Kd 234 pM) but,
surprisingly, does not bind IL-1a or the IL-1 receptor antagonist protein. Deletion of the
gene did not alter virus replication in cell culture but influenced virus replication in vivo.
Although the number of mortalities of mice infected by the intranasal route by WT or
mutant virus were indistinguishable, those infected with the deletion mutant showed greater
signs of illness and lost weight more rapidly that WT-infected animals. Not all vaccinia virus
strains express the IL-1B receptor. Recent data indicate that animals infected with strains
of virus that naturally lack the IL-1B receptor or strains engineered not to express this
protein, develop fever, while viruses expressing the receptor suppress ti= febrile response.

Genes related to the vaccinia 33-HSD and IL-1P receptor genes are present in variola major
virus (the cause of smallpox), but these are fragmented by frameshift and non-sense
mutations and are presumed to be non-functional.
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Strategies for immune evasion by pcxviruses: the myxoma model

Grant McFadden
Department of Biochemistry
University of Alberta, Edmonton; Alberta, Canada

Myxoma virus is the agent of a virulent systemic disease of domestic rabbits, myxomatosis.
Originally described by G. Sanarelli in the last century, myxoma was the first virus pathogen
discovered for a laboratory animal and was the first viral agent ever deliberately introduced into
the environment for the explicit purpose of pest eradication. Since its release into the Australian
and European feral rabbit populations more than 40 years ago, the field strains of both the rabbit
and virus have been subjected to mutual evolutionary and selective pressures that have resulted
in a steady-state enzootic in the inoculated areas (reviewed in 1,2).

A member of the leporipoxvirus genus, myxoma shares many of the features associated with
other poxviruses, namely cytoplasmic location of replication and a large double stranded DNA
genome (160 kilobases). Multiple lines of evidence indicate that myxoma encodes multiple gene
products where function is to permit the spread and propagation of the virus in a variety of rabbit
tissues. Some of these viral proteins specifically counteract or subvert the development of the
host inflammatory response and acquired cellular immunity.

Examples of such modulatory gene products currently under study in our lab include:

(1) Myxoma growth factor (MGF), which stimulates neighboring cells in a paracrine-like
fashion via the cellular epidermal growth factor receptor (3-6).

(2) Serp 1, a secreted glycoprotein with serine protease inhibitor activity, that prevents
development of the early inflammatory response (7-9).

(3) T2, a secreted viral homologue of the cellular tumor necrosis factor (TNF) receptor
superfamily, that binds and inhibits rabbit TNF (10,11).

(4) T7, a secreted viral homologue of the cellular interferon-y receptor, that binds and inhibits
rabbit interferon-y (12).

(5) ML11L, a surface receptor-like protein that interferes with the inflammatory response by an
unknown mechanism (5, 13).

(6) Unmapped late gene product(s) that disrupt cellular class I major histocompatibility complex
proteins and are believed to interfere with class I mediated antigen presentation (14).



23

It is highly likely that more immunomodulatory viral genes remain to be discovered within the
myxoma genome. Not only will these and related gene products provide useful tools to dissect
out the different arms of the host antiviral defense mechanisms, but they may also provide new
probes to identify novel elements of the cellular immune repertoire.
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AFRICAN SWINE FEVER VIRUS ENCODES A PROTEIN HOMOLOGOUS
TO THE CD2 ADHESION MOLECULE.

J. F. RODRIGUEZ, J.M.,, RODRIGUEZ, R., YANEZ, F,, ALMAZAN, AND E,
VINUELA. CENTRO DE BIOLOGIA MOLECULAR, UNIVERSIDAD AUTONOMA DE
MADRID, CANTOBLANCO, 28049 MADRID, SPAIN.

African swine fever virus (ASFV) is a large icosahedral deoxivirus capable to infect soft
ticks as well as different species of swine. While the infection of domestic pigs (Sus scropha)
with unattenuated ASFV strains leads to an accute disease with a very high mortality rate, in its
natural swine host, the warthog (Phacochoerus aethiopicus), ASFV causes only a mild disease
with little clinical signs. However, the presence of infectious ASFV particles in the blood of
warthogs long after their apparent recovery, suggests that the virus is able to establish persistent
infections in this host (9). This, along with the repeated failure of conventional approaches to
generate an ASFV vaccine has led to speculation that the virus might possess mechanisms to
avoid the host's immune surveillance. In an attempt to identify ASFV genes that might be
involved in such mechanisms, we have analyzed the complete nucleotide sequence of the
genome of BA71V, an attenuated strain of ASFV (manuscript in preparation). One of the
identified genes, EP402R, encodes a polypeptide of 402 amino acid residues with an extensive
sequence homology to CD2, an adhesion receptor present in the cell membrane of immature
thymocytes, mature T cells, and natural killer cells (2, 3). CD2 molecules are known to interact
with two different ligands: i) CD58, a 26 kDa glycoprotein present in the cell membrane of a
wide variety of cell lineages including target cells for both cytotoxic T cells and natural killer
cells, and antigen-presenting cells for T helper cells (8); ii) CD59, a widely distributed, 18-20
kDa membrane glycoprotein that restricts the lysis of human erythrocytes and leukocytes by
human complement (4). The CD2/CDS59 interaction is thought to be involved in T cell
adhesion and activation.(6). The CD2/CDS8 interaction plays an important role in T cell

activation and natural killer cell activity (1). The CD2/CD58 interaction is also responsible for
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the formation of rosettes between human T cells and both autologous and heterologous
erythrocytes (5).

We have shown that the disruption of EP402R, achieved through the replacement of a
354 bp-long fragment from within EP402R by the marker gene LacZ, abrogates the ability of
the virus to induce the adsorption of pig erythrocytes to the surface of infected cells (7), and
that the reintroduction of the gene in a different genomic location restores the normal
hemadsorption phenotype of the virus. These results demonstrate that the protein encoded by
EP402R is a functional adhesion molecule capable of interacting with a specific ligand on the
surface of the erythrocyte. The role of this protein during the ASFV infection is under

investigation.
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STRATEGIES TO PREVENT MUCOSAL INFECTIONS BY CORONA-
VIRUSES

Luis Enjuanes, Marfa L. Ballesteros, Ana Méndez, Isabel Sola, and Joaquin Castilla.
Centro Nacional de Biotecnologia, CSIC. Campus Universidad Auténoma. Canto
Blanco. 28049 Madrid. SPAIN

Transmissible gastroenteritis virus (TGEV) and related coronaviruses infect
enteric and respiratory mucosal areas, even in the presence of circulating antibody of
high titer. In addition, animals are infected at birth, when their immune system is
unmature, producing high mortality rates. At this time protection can only be provided
by immune mothers through lactation. New strategies to provide passive protection to
newbomn animals against these coronaviruses have to be developed. The antigenic
structure of TGEV has been defined. The spike (S) protein has been identified as the
major antigen involved in protection and in the binding to host cells. The antigenic
structure of S protein and tge correlation with its physical structure has been defined
(1). Highly conserved antigenic sites involved in the induction of TGEV neutralizing
antibodies have been identified. Using this information, two approaches are being used
to protect against TGEV: -antigen' presentation in gut associated lymphoid- tissues
(GALT) to induce mucosal immunity and development of transgenic animals secreting
virus neutralizing monoclonal antibodies (MAbs). Two vectors with tropism for GALT
are being used, one prokaryotic (Salmonella typhimurium) and another one eukaryotic
(human adenovirus 5) (2). In addition, the use of coronaviruses as vectors is proposed.

Coronaviruses which canse no apparent disease have been isolated and could be
used to develop vectors to induce mucosal immunity. Since the genome of
coronaviruses is larger than 30 kb, the selection of defective viruses with a shorter
genome will help the construction of cDNAs that might be the basis for a vector.
Defective interfering particles (DI) were selected by passage of TGEV at high moi.
Northem blot analysis indicated thar these DI genomes have both the 5' and 3'-end of
wt virus, but not the genes coding for the structural proteins of the virion. The genome
(12 kb) of one of these DI viruses is encapsidated and has been cloned. In order to
construct vectors which deliver the antigen to the enteric or respiratory track, the
molecular basis of TGEV tropism were studied. An epidemiological tree has been
proposed for TGEV. The virus has evolved by accumulation of point mutations. In
addition, the introduction of a deletion in the 5-eud of the spike gene yielded the
porcine respiratory coronaviruses (PRCVs) which lost the enteric tropism. Nucleotide
differences in the sequences of S genes from enteric and respiratory isolates with a full
length S gene were determined. Precise mutations in residues mapping in the deletion,
have been proposed as responsible for the lost of enteric tropism (3,4). To determine
other areas of the genome that might be involved in the tropism of these viruses a
collection of recombinants between enteric and respiratory TGEVs were selected. One
third of the characterized recombinants had the crossing-over at the 5-end of S gene, 3
down-stream of the area involved in the lost of enteric tropism. These recombinants
have the half 5-end from the enteric virus, and the half 3%-end from the respiratory
isolates. Preliminary experiments indicated that these recombinants have enteric
tropism. These data suggest that the ability of TGEV to infect the gut is controlled by
sequences mapping around nt 655 of S gene. Changes in the tropism of PRCV, by
taking the S protein conferring enteric tropism from engineered DI particles, are being
used to study the molecular basis of TGEV virulence, tropism and induction of
protection.

Transgenic swine secreting TGEV neutralizing monoclonal antibodies (MAb) in
the milk during lactation are being constructed. Immunoglobulin gene fragments coding
for the VH and: VL modules of a TGEV neutralizing MAb have been cloned and
sequenced. Chimeric immunoglobulin genes with the variable module from the MAb
and a conserved module of human origin (gamma 1) were constructed. The chimeric
immunoglobulin genes were initially cloned into pING plasmids, under the control of
an jmmunoglobulin enhancer, and S$V-40 promoter and polyadenylation coding
sequences. These plasmids have beenjused 10 express the chimeric iinmmoglobulirs i
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murine myelomas, to test for the secretion of TGEV neutralizing MAb. The
immunoglobulin genes have been cloned into the whey acid protein (wap) gene. This
gene is regulated by peptide and steroid hormones which promote tissue specific
expression in the mammary gland. These constructs are being tested for transient
expression using gene gun technology on tissue explants from the mammary gland of
lactating swine.
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Mutants and protein tyrosine kinases in the signal transduction pathways
controlling interferon-inducible gene expression

Ian M Kerr
Imperial Cancer Research Fund, London WC2A 3PX, England.

IFN-inducible genes have been isolated and characterised. They have
in their 5'flanking DNA interferon-stimulable response elements (ISREs)
which can confer IFN-responsiveness on marker genes. A number of
transcription factors that interact with these response elements have been

cloned and characterised. The Type I (xB) and II (y ) IFNs interact with
distinct cell membrane receptors, components of which have also been
cloned. The detailed structure of the receptors is not, however, known.

In collaboration with George Stark's group IFN-inducible
promoters driving drug-selectable or cell-surface markers have been used to

obtain and complement mutants in the IFN-aff and IFN-y signal
transduction pathways. To date recessive mutants in a number of
complementation groups which affect one or other, or both, of these
pathways have been isolated. Five have now been complemented. Three of
the complementing genes correspond to non-receptor protein tyrosine
kinases of the JAK family. Of these Tyk2 is uniquely involved in the IFN-a:8

and JAK2 in the IFN-y pathways, respectively. JAK1 is essential for both
pathways. The other two complementing genes correspond to p48 and p91
transcription factor components involved in the IFN responses. Additional
mutants may be defective in a signal transduction component(s) of the IFN
receptors, an additional kinase(s), a protein tyrosine phosphatase(s) or other
novel component(s).

Characterisation and complementation of the mutants has, therefore,
provided definitive evidence for a role for the JAK family kinases in the IFN
response pathways and a central role for transcription factor p91 in both the

IFN-of3 and the IFN-y responses. In more general terms the model currently

emerging is of IFN-a or -y membrane receptor complexes involving, in
addition to the trans-membrane receptors, the different combinations of JAK
kinases which interact to activate, in response to the different IFNs, unique
and common transcription factors which, on release from the membrane and
migration to the nucleus, activate the appropriate transcriptional responses.
Exactly how many components are involved and precisely how they fit
together, remain, however, to be established.
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MOLECULAR, CELLULAR, AND VIRAL STUDIES ON 2-5A-DEPENDENT
RNase
Robert H. Silverman!, Avudaiappan Maranl, Bret A. Hassell, Aimin Zhoul,
Beihua Dong!, Ratan K. Maitral, Krystyna Lesiak?, W. Xiao3, and Paul F.
Torrence3
1Department of Cancer Biology, Cleveland Clinic Foundation, Cleveland, OH
44195, U.S.A., 2Laboratory of Biophysics, Center for Biologics Evaluation and
Research, F.D.A., Bethesda, MD 20892, U.S.A., and 3Section on Biomedical
Chemistry, N.LD.D.K., National Institutes of Health, Bethesda, MD 20892, U.S.A.
2-5A-dependent RNase is a uniquely-regulated enzyme that functions in
the response of cells to interferon treatment and virus infections. Recently we
reported the molecular cloning of the human and murine forms of 2-5A-
dependent RNase (Zhou et al., Cell 72, 753, 1993). Mutagenesis studies and
sequence analysis of 2-5A-dependent RNase revealed an intriguing structure-
The amino terminal half of the RNase contains nine ankyrin-repeats implicated
in mediating protein-protein’ interactions. The 2-5A binding domain was
localized by site-directed mutagenesis to a duplicated phosphate-binding loop
motif present in the seventh and eighth ankyrin repeats. On the carboxy terminal
side of the ankyrin repeats is an apparent zinc finger and a region with homology
to protein kinases. The carboxy terminus is required for RNase function.
Structural models describing the mechanism of 2-5A-dependent RNase
activation by 2' 5-oligoadenylates (2-5A) will be presented. To study the intrinsic
activities of 2-5A-dependent RNase, the human form of the enzyme was
expressed in insect cells from a baculovirus vector. The purified, recombinant
RNase has potent and highly specific, 2-56A-dependent RNase activity. To study
the biological role of 2-5A-dependent RNase, a truncated form of the murine
RNase that retains 2-5A binding activity while lacking RNase activity was stably
expressed in murine cells (Hassel et al., EMBO J., 12, 3297,1993). The truncated
RNase functioned as a dominant negative mutant suppressing endogenous 2-5A-
dependent RNase activity and greatly reducing the anti-encephalomyocarditis
virus and anti-proliferative activities of interferon wp. A method that directs 2-
5A-dependent RNase to specific RNA targets in cells will be described (Torrence
et al.,Proc. Natl. Acad. Sci. U.S.A. 90, 1300, 1993). Remarkably, chimeric
oligonucleotides with 2-5A linked to antisense against PKR mRNA selectively
ablated mRNA to PKR in HeLa cells as determined by reverse transcriptase-
coupled PCR.
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Neutralization of the Interferon-Induced elF-2 Kinase by Viral
Products

Michael B. Mathews

Cold Spring Harbor Laboratory, P.O. Box 100, Cold Spring Harbor, NY 11724,
USA

The protein kinase DAl (also known as P1, p68, PK-ds, PKR, etc.) is
induced by interferon and activated by double-stranded RNA (dsRNA),
presumably of viral origin. Activation is accompanied by auto-
phosphorylation and leads to the phosphorylation of protein synthesis
initiation factor elF-2, the entrapment of a recycling factor (GEF or elF-2B),
and the consequent blockade of translation. Activation requires the
interaction of two motifs in the N-terminus of DAl with perfectly duplexed
dsRNA of suitable length (at least 30 and preferably 85bp), and seems to
involve a conformational change in the complex. The resultant shut-down of
protein synthesis limits viral multiplication.

Many viruses evade this cellular defense strategy by elaborating gene
products that interfere with DAl accumulation, activation, or activity.
Among the best-studied of these counteracting products are the adenovirus
VA RNAs. As exemplified by Ad2 VA RNA,, they are short (~160nt), highly
structured RNAs that are produced abundantly at late times of infection and
bind DAI using the same two motifs as dsRNA. Instead of causing activation
of the enzyme, however, VA RNA, prevents its activation by dsRNA. Binding
of VA RNA, to DAI involves a base-paired stem (the apical stem) while the
region of the molecule responsible for its inhibitory function is a complex
stem-loop (the central domain) containing conserved sequences and
structures. Comparable activities have also been reported for small RNAs
generated by Epstein-Barr virus and HIV-1. On the other hand, a second VA
RNA species, VA RNA,, that is produced by several adenovirus serotypes is
only weakly effective against DAI. Its sequence conservation suggests that
it may play a different role in the viral infectious cycle.
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Opportunistic infaction and cytokines upregulate HIV-1
replication; molecular mechanisms.

P.M.Pitha, W.Popik, Y. Shirazi and J.Vlach

Transcription of HIV-1 provirus is ragulatad by a virus
encoded RNA binding protein Tat as wall as hy cellular factors that
interact with the enhancer and promoter regions of the HIV-1 LTR.
Since the tat defectiva mutant is transcriptionaly inactive Tat
mediated transactivation represents .a limiting step in HIV-1
replication . Tat transactivation requires the interaction betwaan
Tat and callular factors binding to the NFkB and Sp-1 binding sites
as wall as to the TATA box in the H1V-1 promoter ragion.While in
acute infection, Tat is the major tramscriptional activator, the
activation of HIV-LTR and. the latent HIV-1 provirus by different
extracellular stimuli.such. as.cytokinas and HSV-1 is .associated
with the enhancement_of binding of NFkB specific proteins.

Our goal in the prasant study was to determine whether
Tat mediated transactivation is the irreplaceable bottle neck in
the HIV-1 raplication cycle or whether the virus devalops an
altarnative pathway allowing it to replicate in the absenca of Tat
or other accessory cellular proteins. Since both HSV-1 and TNFa
can aeffectively upregulate transcription of HIV-1 provirus in
vitro, we examined whether such transactivators can function in the
absence of Tat protein and whathar TNFa and HSV-1 are able to
support replication of the Tat defective HIV-1 provirus,

Previously we hava shown(1)that TNFa mediated upregulation
of HIV-1 exprassion in T cells is associated with the induction of
p50,p55,p65,p75 and p85 NFkB binding proteins.Transactivation is
aholished by mutation or deletion of the NFkB binding region .In
the present studies we have used the CEM R7 cells that contain
integrated Tat defective HIV-1 provirus, axprassad only at very low
levels.TNFa treatment significantly increasad ralative levels of
HIV-1 transcripts and HIV-1 specific proteins.In order to
determine the molecular mechanism of TNF mediated enhancement of
HIV-1 expression, we comparad tha rate of HIV transcription in Tat
transfected and TNFa inducad CEM R7 cells.While Tat increased the
initiation of transcription and eliminated the polarity of
transcription, TNFa more . effectively enhanced the transcription of
the gag region then the env region.Thus, the mechanisms by which
Tat and TNFa transactivate the transcription of tha HIV-1 provirus
are not identical.However, in spite of this diffarance, TNFa was
able to induce infectious, Tat dafactiva provirus and support jtsg
replication and spraad through tha culture.This date indicates that
HIV-1 developed a mechanism which parmitted the virus to repl icate
even in the absence of virus encodad Tat.(2) This alternative
pathway is, however, much lass afficient than Tat mediated
transactivation.

The activation of HIV-1 provirus by HSV-1 infection
suggested an existence of another interesting mechanism which is
able to facilitate the Tat transactivation.We have previously
shown(3) that both HSV-1 encoded and induced proteins participate
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in the HSV-1 mediated transactivation of HIV-1 provirus. HSV-1
infection in T cells induces binding of two NFkB spacific
proteins( p50 and ¢ rel) to the enhancer region as well as 50 kDa
protein (HLP-1)that binds to the LBP-1 sites in HIV-
LTR.Furtharmore, two HSV-1 encoded "immediate early" proteins
contribute to the transactivation of HIV LTR (4). One (TAR 150)
binds to the TAR region of HIV-LTR DNA and may ba related to the
HSV-1 encoded transactivator ICP4.Howaver,its role in the
transactivation of HIV-LTR is unclaar,as neither overexpression nor
deletion of the TAR DNA ragion affects the expression of HIV-LTR.
In contrast, tha avaraxpression of HSV-1 encoded transactivator ICP
0 vary aefficiently stimulates HIV-LTR and shows a high
caoparativity with Tat .This cooperative effect illustratas two
interesting features. First transactivation is indapandant of the
presence of NFkB and Sp-1 sites raquirad for the Tat
transactivation in the absence of ICP 0, and sacond ICP 0 can
activate mutated HIV-LTR which doas not contain the TAR binding
region.Thus, ICP 0  can recruit Tat to the vicinity of the
transcription initiation complex, as well as, substitute for the
transactivators binding to the enhancer region of HIV LTR
normally required for the efficient transactivation by Tat.These
rasults suggest that infection with herpes viruses may facilitatae
transcription of TAR defective HIV mutants. Waeather it able to
support full virus replication remains to be seen.

In summary this data indicates that both cytokines and
heterologous viral infection can not only upregulate expression of
‘HIV-1 provirus but also facilitate expression of HIV-1 proviruses
that show a dafact in thae tat transactivation mechanism.

Tat mediated transactivation not only enhances
significantly HIV-1 replication but aleso evades the antiviral
effect induced by the interferon system.We have shown (6,7) that
during a single replication cycle, interferon affactivaly inhibits
HIV-1 replication by blocking the ravarse transcription and
formation of the provirus.In contrast, no significant inhibition of
HIV-1 replication by interferon was observed after completion of
proviral synthesis and integration into the cellular
genome.Similarly, in cells transfected with proviral DNA the
relative levels of HIV-1 RNAs, proteins, or their processing, were
identical in the presence and absence of interferon.Interferon,
howaver, induced in these «cells the expression of several
interferon responsive genes including the 9-27 gene, which encodes
a RNA binding protein. Overaxpressian of 9-27 protein inhibits
HIV-1 replication. Intarastingly, IFN treatment significantly
reduced tha HIV~-1 mRNA levels encoded only by the Tat defective
HIV-1 provirus but not by the wt HIV-1.,This inhibition could be
ovarcome by transfection with the Tat and Rev expressing
plasmids.Ovaraxprassion of another JFN induced protein 2,5 OAS
which activatas RNAase L. did not inhibit HIV-1 expression even in
tha ahsance of functional Tat protein. These results suggest that
IFN madiated inhibition of HIV-1 expression, seen in the absence of
Tat, is mediated by the 9-27 protein. The mechanism by which Tat
enables HIV-1 to evade the IFN effect remains elusive. 1t may
simply provide high levels of rev protein that can compete
effectively with 9-27 for binding to the Rev responsive element



36

.0r, as suggested by others,binding of Tat to the TAR element may
intarfara with the induction of the other antiviral mechanisms such
as 2,5 OAS or PKR pathways. Thus, the HIV-1 encoded regulatory
proteins Tat and Rev not only allow HIV-1 to replicate efficiently,
but may also renders it insensitive to antiviral mechanisms
induced by IFN.

1.Vlach J. and Pitha P.M. Virology 187:63,1992
2,.Popik W. and Pitha P.M. J.Virol.67:1094,1993
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Role of cell variation in the initiation of a persistent foot-and-mouth disease
virus infection
E. Domingo, A. M. Martin-Herndndez, E. C. Carrillo and N. Sevilla

Centro de Biologia Molecular "Severo Ochoa" Universidad Auténoma
28049-Cantoblanco, Madrid (Spain)

RNA viruses mutate at rates averaging 10-3 to 10-5 substitutions per nucleotide
site per round of copying. As a result, RNA virus populations consist of
complex distributions of related but nonidentical genomes termed viral
quasispecies (reviews in Eigen and Biebricher 1988; Domingo et al., 1994). Foot-
and-mouth disease virus (FMDV) is an important animal pathogen which
conforms to a quasispecies genetic organization (Domingo et al., 1992). FMDV
normally causes acute infections but occasionally it persists in animals by
unknown mechanisms. Persistence of FMDV in cell culture (de la Torre et al.,
1985, 1988) offers a model system to explore parameters involved in persistence.
We have developed a virulence assay to examine whether it is the cell or the
virus the component which triggers the establishment of persistence. Cells
which survived a cytolytic infection were cured of any detectable FMDV by
ribavirin treatment. These early survivors showed increased resistance to
FMDV. The virus which survived in these cells was as virulent as the parental
FMDV. In spite of its inability to produce attenuated variants, the FMDV
quasispecies showed high mutant frequencies at the onset of persistence. Viral
genetic lesions (ts, small plaque phenotypes)—generally associated to
persistence of lytic viruses— were observed only after persistence had already
been initiated. Thus, in this system, cell variation is determinant of the
establishment of a persistent infection (Martin Herndndez et al., submitted for

publication).
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Invasion and Use of Non-Specific Host Defenses by the Mammalian Reoviruses
Bernard N. Fields, Harvard Medical School, Boston, Massachusetts

The first host defenses that regulate the initiation of viral infection are nonspecific and occur
shortly after the virus has entered a eukaryotic host. For enteric viruses these include gastric
acidity and proteases present in the lumen of the small intestine as well as macrophages and their
products. The reoviruses have developed ways to resist inactivation by acid pH, to utilize
pancreatic proteases, to change from a stable inactive form to an activated form, and to enter cells
for primary replication, the cells being macrophages. In this talk I will first discuss the mammalian
reoviruses and then illustrate how the three forms of reoviruses are built to evade these earliest host
defense mechanisms. Reoviruses are double capsid naked icosahedral virions whose genomes
consist of segmented double-stranded RNAs. There are three serotypes distinguished by
hemagglutination inhibition and neutralization assays. The segmented genome has allowed us and
others to readily reassort genome segments between different isolates of virus following mixed
infection in cell culture. These reassorted virions have allowed us to identify the role of various
gene products in their interaction with hosts and cells. Of particular note are three specific gene
products that are located in the outer capsid shell.

1. One geneis the S1, encoding the o1 protein, the viral hemagglutinin. This protein
functions as the cell attachment protein binding to sialic acid and sialylated proteins at
cell surfaces.

2. The second gene is S4, encoding the o3 protein which is a zinc containing protein that
sits on the outer shell of the virion and plays a critical role in stabilizing the virion in its
intact form.

3. The third gene is M2, encoding the u1 protein. This protein undergoes cleavages
during its activation steps and plays a critical role in allowing reovirus to interact with
cell membranes.

During the early interactions of reovirus with the host there are three structural forms of
reovirus produced by a highly orchestrated series of events which allow the virus to undergo
stages of controlled disassembly, involving the transformation of the intact virion to a second form
termed the infectious subviral particle (IS VP) and ultimately to a third form, the so-called viral
core. The functions of these three forms of reovirus are: the virion is built for maximum stability;
the ISVP has undergone changes that cause its receptor interacting protein ol to extend, and to
expose an active form of the u1 allowing the ISVP to interact with cell membranes; the third form,
the viral core, undergoes transcription once the virus has come into direct contact with the
cytoplasm.
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Recent studies using cryoelectron microscopy and image reconstruction have allowed us to
examine at moderate resolution (27 to 32 A) features of the three structural forms of reovirus. The
three particle forms thus provide "snapshot" views of the virus at discrete early stages of infection.
Of particular note is that by comparing virions, ISVPs and cores we were able to detect dramatic
changes in supramolecular structure and protein confirmation related to the early steps of reovirus
infection. The intact virion, about 850 A diameter, is designed for environmental stability and thus
allows the virus to pass through harsh environments such as that found in the highly acidic pH of
the stomach. In part, this stability is mediated by tight 63/u1, A2/63, and A2/u1 interactions in the
outer capsid. In addition, the core shell is densely packed. Following exposure to proteases in the
small intestine, ISVPs are generated that are approximately 800 A diameter. This transition
involves the release of 600 o3 subunits and a striking change in the vertex associated viral
hemagglutinin. Particularly noteworthy in the image reconstructions are the organization of the pl
and its cleaved products on the surface of the ISVP into multiple trimers extending through the
surface of the icosahedral structure. The third form of reovirus, the core particle of approximately
600 A diameter, is the form through which viral RNA is transcribed from a particle-associated
transcriptase. The transition from ISVP to core involves release of the twelve ol fibers and pul
subunits (arranged as 200 trimers). The surface of the core displays 150 nodules that merge with a
solid shell centered at a radius of about 275 A. In the virion and ISVP, flower shaped pentamers
of A2 are centered at the vertices. In the ISVP to core transition domains of the A2 subunits rotate
upward and outward to form structures extending from radii 305-400 A with an outer diameter of
140 A and a central channel 84 A wide. This conformational change allows a potential diffusion of
substrates for transcription and exit of newly synthesized mRNA segments.

The remainder of this talk will involve features of the M2 gene product, the ul
protein. The 1 protein encoded by the M2 gene segment has a molecular mass of approximately
76.3 kilodalton. A potential myristoylation sequence at the amino terminus allowed us to show
that the p1 protein is modified with an amide linked myristoyl group. The amino terminal end
undergoes a cleavage that generates a 4,000 molecular mass peptide that is found in both virions
and ISVP. This proteolytic fragment is termed u1N. During the conversion of virions to ISVP
proteolytic cleavage takes place in the u1 product near the carboxy-terminal end. This cleavage
yields a 13 kilodalton carboxyl terminal fragment named ¢. When trypsin is the protease causing
the cleavage it occurs between arginine 584 and isoleucine 585. Chymotrypsin cleaves between
tyrosine 581 and glycine 582. The sequences in the ¢ portion of the cleaved pl protein may
participate in the unique functions attributed to ISVP, mainly membrane interaction. In particular
the 8-¢ cleavage junction is predicted to be flanked by a pair of long amphipathic a-helices. These
together with the myristoyl group of the extreme amino terminus of the ul protein are proposed to
interact directly with the lipid bilayer of a cell membrane during penetration by mammalian

reoviruses.
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To demonstrate that the p1 product is involved in membrane interactions two assays were
performed. One is a chromium release assay whereby cells prelabeled with chromium are exposed
to virus, ISVP or core. We were able to show that only the ISVP form causes membrane leakage.
Genetic analysis allowed us to show that the M2 gene is linked to this property. A second assay
involved study of the interaction of various reovirus forms with lipid bilayers to study electric
current passing across the membrane. In these studies we were able to show that the ISVP form
alone (at a neutral pH) is able to induce ion channels in these membranes. These studies taken
together strongly suggest that the M2 gene product found in its exposed form on the ISVP is the
membrane interacting form of the mammalian reoviruses.

Thus, what I have presented is the fact that reovirus has three distinct viral forms
that play distinct roles in their interaction with the eukaryotic host allowing it to bypass the earliest
host defenses. Recent studies have suggested a biochemical strategy whereby this naked non-
enveloped virus is able to interact with membranes through features of the M2 gene product, the pl
protein.
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Epstein-Barr virus latency in B lymphoctes requires regulated
interactions with host defenses. Elliott Kieff, Mark Birkenbach, Ken
Kaye, Ken Izume, Cheryl Miller, Richard Longnecker, Mike Kurilla, Erle
Robertson and Sankar Swaminathan. Departments of Medicine and
Microbiology and Virology Program, Harvard University, 75 Francis St.
Boston Ma, 02115.

Epstein-Barr Virus replicates in the oro pharyngeal epithelium,
establishes latency in B lymphocytes and reactivates from B cells to
reinfect the epithelium for spread to non immune humans. In order to
maintain stable latent infection in B lymphocytes, the virus expresses
a set of genes which encode nuclear proteins (EBNAs), integral
membrane proteins (LMPs) and small RNAs (EBERs). Most EBNAs and LMPs
are targets of the host immune response. Several EBNAs and LMPl are
critical for the perpetuation of EBV episomes, for cell proliferation
or for survival of the latently infected cells. Others appear to be
non critical for any aspect of latent or lytic infection, in vitro,
but must be critical in vivo because they are targets of the host
immune response and therefore subject to negative selection. One gene
expressed in latent infection, LMP2, interacts with B lyphocyte src
family tyrosine kinases and with syk and blocks transmembrane signal
transduction following sIg, CD19 or class II crosslinking.
Surprisingly, virus recombinants with specifically mutated LMP2 genes
are fully competent for establishing latent infection or for
transforming primary B lymphocytes. In contrast to B lyphocytes
transformed by wild type virus recombinants, crosslinking of sIg on
cells transformed by the mutated recombinants results in normal B
lymphocyte signal transduction and activation of lytic EBV infection
in the mutant recombinant infected cells. These experiments indicate
that LMP2 can prevent fortuitous activation of lytic EBV infection
which would otherwise occur in response to activation of latently
infected B cells in the peripheral circulation. Lytic infection in
this setting would result in death of the infected cells and
neutralization of virus produced from any cell which escaped immune
cytolysis. The EBER genes also have no apparent effect on latent or
lytic infection, in vitro. Because of their similarity to the adeno VA
RNAs the EBERs are likely to protect infected cells against interferon
effects. Although primary B lymphocyte transformation is interferon
sensitive, wild type and EBER deleted virus are similarly sensitive to
interferon and the infected cells could support similar levels of VSV
replication in the face of interferon treatment. Another virus gene
expressed in lytic infection is nearly identical to the human IL10
gene and does affect the interferon response to virus infection.
Although, I110 has effects on macrophages, B lymphoctyte growth and T
lymphocyte and NK cell functions, including gamma interferon blockade
(Kevin Moore and Timothy Mosman et. al.), the dominant effect of the
EBV homologue is likely to be on cytotoxic T lymphocyte and NK cell
functions including gamma interferon secretion. This conclusion is
based on the results of experimental murine infection with a
recombinant vaccinia virus which expresses the murile IL10 gene and on
the inhibition of gamma interferon secretion from human peripheral
blood mononuclear cells which were incubated with B lymphocytes
infected with wild type EBV. In contrast, cells incubated with B
lymphocytes infected with EBV recombinants carrying specific mutation
in the EBV IL10 homologue secreted high levels of gamma interferon.



Influensa virus infection and its inhibition by antibodies
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The first steps in influenza virus infection, receptor recognition and
virus membrane-ceall membrane fusion are mediated by the haemagglutinin (HA)
glycoprotein. Antibodies which bind to the membrane distal reglon of the
bhaemagglutinin neutralize virus infectivity. The sites at which they
interact are known from electron microscopy of HA-antibody complexes and X-
ray crystallography of variant HAs to correspond to the locations of amino
acid substitutions in the HAs of the antigenic mutants which they select.
These antibodies block receptor-HA interactions and more rarely prevent the
structural changes in HA required for membrane fusion. The receptors for
HAs are sialic acid residues of cell surface glyconjugates. Identification
of the receptor binding sites and details of the interaction of sialic acid
substituents with conserved amino acids in the sites have been deduced from
studies of HA-receptor analogue complexes (Sauter et al 1992). The surface
area of the binding sites and their location are consistent with the
inhibition of binding by infectivity neutralizing antibodies. Membrane
fusion mediated by HA is induced at endosomal PH and involves structural
reorganization of the molecule. Evidence has been obtained that this
reorganization is required for membrane fusion activity (Godley et al 1992)
and the recently determined structure of a fragment of the HA {n {ts
fusion-pH conformation shows the extensive nature of the structural
changes.
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Genetic variation among human retroviruscs:
important or mercly a reflection of life style?

Simon Wain-Hobson, Rémi Cheynier, Eric Pelletier and Eric Waitel
Unité de Rétrovirologic Moléculaire
Institu{ Pasteur, Paris

The human immunodeficiency viruses (HJV) and human T-cell lcukemia viruscs
(HTIV) infect predominantly CD4 cells in vivo. The former is characterized by
unparalled genefic and antigenic variation, so much so that an infected individual
may harbour between 106-1010 variants at any onc time, depending upon the
discasc stage. The latter is estimated to diverge on a time scale of decades to
cenfurics.

111V is a perpctual mutation machine whereby variants are a remorseless
consequence of unprecedented numbers of replication cycles. This is almost
certainly due to the fact that the virus can infegrate and lay dorment thus escaping
immune surveillance. As will be demonstrated there is little or no cvidence in
favour of strong positive or Darwinian selection acting on 131V or the related
simian immunodeficiency viruses, SIV. In vivo analyeos of IV and T-cells would
suggest that HIV production results from cellular activation by antigen. Thus a
pariicular variant would be “sclected” over and above fellow kin by chance rather
than for rcasons of fitness. The botiom Jine remains replication competance. For
3% variation in situ to occur, possible in as little as 14 months, at Jeast 300 rounds
of replication must occur. iven if the burst size was 2 this would lead to more
virus than atoms in the universe. Consequently while massive replication may
occur massive destruction of infected cells must occur in order o limit the viral
load to ~706-1010, In fact the average burst size can be calculated to be ~0.01-0.05 per
cycle. Yet massive and continual C4 destruction would lead to immune defiency?

By confrst HTLV-1 replicates o very low titres in comparison to HIV. By a PCR
analysis of the infegration sites from asymptomatic carriers and those presenting
with tropical spastic paraparesis it has been possible to show that 11TLV
preferentially replicates by mitosis resulting in oligoclonal expansion of belween 5-
25 ccllular clones. Thus reverse transcription is limited due to the positive effect of
the tax protein on cell proliferation.

The differences perhaps lic in the relative genetic organization of the two viruscs.
For 11IV/SIV the powerful transcription amplifier, tat, is produced from rev
(regulator of viral gene expression) independent and dependent transeripts
meaning that replication lacks negative feedback. For HTLYV, tax (the (ranscription
amplifier) and rex (regulator of viral gene expression) are derived from the same
mRNA. Hence rex exerts a negative offect on HTLV replication. lurthermore tax is
diluted by it effects on specific cellular genes.

Thus the two extremes in {erms of retroviral genctic variation refleet different
strategies in replication and, behind this, senome organization.



IV. Roles of the Interferon-Induced Kinase

DAI/PKR
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Viral and cellular targets of the interferon induced, dsRNA activated, kinase, PKR.

Nigel A.J. McMillan!» Ascem Kumar !, Ara G. Hovanessian?, Julian Galabru% and Bryan R.G,
Williams'-

1 t of Cancer Biology, Cleveland Clinic Foundation, Cleveland Ohio 44195 U.S.A. 2-Unit
of Virology and Cellular Immunology, Institut Pasteur, Paris, France.

The interferon (IFN)-induced protein kinase of Mr 68,000 (PKR) has been shown to specifically
orylate the inititation factor elF-2a in vitro when activated by double-stranded RNA. This
inase mediates in part the antiviral activities of interferons and as consequently different viruses have
devised means of E)hibitin%!he kinase. We have cloned and characterized both human and mouse
interferon regulated PKR cDNAs (1-3) and expressed these in mammalian cells, the budding yeast
Saccaharomyces cerevisciae, and E. coli. Expression in-yeast results in a slow growth phenotype and
has allowed us the opportunity to exploit this to identify potental substrates or4inhibitors of the kinase.
The human immunodeficiency virus (HIV) Tat (1-72 amino acid) protein is one such inhibitor we have
identified using the yeast expression assay. The inhibition by Tat 72 is the result of a direct interaction
between Tat 72 and PKR. Tat inhibited autophosphorylation and phosphorylation of exogenous
substrates by PKR. Both Tat protein binding and the Tat-mediated inhibition of PKR activation were
reversed by the addition of eIF-2c.. Interestingly, the 86 amino acid version of Tat, which is produced
carly in infection, had no effect on kinase activity in vitro or in vivo. These results suggest HIV
is czable of directly targeting PKR for inhibition late in infection thus providing a mechanism by
which HIV could escape the action of IFN.

When PKR is used as a matrix in affinity chromatograpy experiments, 2 number of proteins bind
suggesting there exists different substrates for PKR in the cell. One of these substrates is IxB, the
cytoplasmic inhibitor of the transcription factor, NFxB. PKR is able to phosphorylate purified IkB in
vitro and regulate NFxB activity through IxB phosphorylation in cell extracts. In cells transfected with
a mutant (lysz%-ar;) PKR, dsRNA induction of a xB-dependent promoter construct is blocked
suggesting dsRNA is able to induce gene expression through PKR. These data support a role for
% li.n Tg.gulating transcription of NFxB dependent promoters which include the IFN-B gene and the
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THE INTERFERON-INDUCED ds-RNA ACTIVATED PROTEIN KINASE AS AN
INDUCER OF APOPTOSIS. Mariano Esteban, Centro Nacional de Bnotecnologla
Campus Universidad Auténoma, Cantoblanco, Madrid, Spain.

Apoptosis, a process of programmed cell death, is characterized by cell shrinkage,
chromatin condensation, membrane blebbing, and DNA fragmentation into
nucleosome sizes (1 ). Apoptosis has been implicated in oncogenesis ( 2 ). Only
few genes, like the tumor-suppresor p53 ( 3 ), have been identified with roles in
apoptosis . Since interferons (IFN) exert antiviral, antitumor and
immunomodulatory functions and some of these effects occur toghether with cell
death (4 ), it is possible that IFN triggers apoptosis through induction and activation
of one or more of the IFN-induced gene products. The IFN-induced ds-RNA
activated p68 protein kinase has been shown to exert growth control arrest (5 ),
tumor- suppressor activity (6 ,7) and antiviral action ( 8, 9). To analyze the
biological function of p68 kinase, we have used an inducible system where
expression of the kinase can-be-regulated by the lacl repressor/operator controlling
elements. Vacginia virus was used as a vector for the expression of p68 kinase in
cultured cell. In this virus-cell system, p68 is autoregulated and is activated with
time, most likely by ds-RNA produced as a result of virus infection. By 24 hpi, both
viral and cellular protein synthesis ceases and cells died with apoptotic-like
characteristics. Cell death was not observed in cells which expressed a mutant
form(lys296-arg) indicating that cell death observed is the result of p68 kinase
expression and activation. We propose that human p68 kinase fuctions as a tumor-
supressor gene by actively participating in apoptosis.
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REGULATION OF THE INTERFERON-INDUCED, DS RNA ACTIVATED PROTEIN KINASE
(PKR) IN VIRUS-INFECTED AND UNINFECTED CELLS

Michael G. Katze, Tae Gyu Lee, Michele Garfinkel, Tracy Black, Glen N. Barber, Department of
Microbiology, University of Washington, Seattle, WA 98195, USA.

The PKR protein kinase is one of greater than 30 genes Induced by Interferon and is one of two
interferon induced gene products activated by dsRNA. As a result of activation by dsRNA, PKR,
a sering/threonine kinase, undergoes eutthosphorylation and catalyzes the phosphorylation
of the alpha subunit of protein synthesls eukaryotic initiation factor 2 (elF-2). These events can
lead to limitations in functional elF-2 and thus to dramatic decreases in protein synthetic rates
inside the cell. Recently we directly demonstrated that PKR can regulate translation in vivo and
that PKR action is effected by mutations in elther the kinase catalytic or N-terminal regulatory
domains. The majority of our work, however, has focused on the mechanisms which viruses
have evolved to avoid the negative effects of PKR on virus replication. Examples to be
discussed include influenza virus which downregulates PKR by activating a cellular PKR
inhibitor termed P58, based on lts Mr of 58,000. The gene encoding P58 has now been cloned,
sequenced, and expressed as a functional protein in-E. coli. These data will be presented as
will a description of the complex regulatory pathways underi?'lng P58 control-of PKR. - Poliovirus
also utilizes a cellular gene product to regulate PKR: it is likely that a cellular protease, acting
together with viral s(g)eciﬁc sRNAs, are responsibly for PKR degradation in pollovirus-infected
cells. Models of PKR regulation in both the influenza and poliovirus systems will be presented.
Recent evidence now suggests that PKR may play an important role in the antiproliferative
Frogenles of interferon as well as its antiviral properties. For example, dus to its translational
nhibitory properties, the wild-type PKR Is growth su'%pressive in yeast and likely in mammalian
cells as well. We also have evidence that PKR may function as a tumor suppressor gene since
introc;uction of catalytically inactive PKR mutants into NIH3T3 cells induce thelr malignant
transformation.

References:

Lee et al., PNAS 87:6208-6212, 1990

Lee et al., JBC 267:14238-14243, 1992
Koromilas et al., SCIENCE 257:1685-1689, 1992
Black et al., J VIROL 67:791-800, 1993

Barber et al., PNAS 90:4621-4625, 1993



52

Interferon-Induced dsRNA-activated Protein Kinase
(PKR) : Antiviral and Antitumoral Functions.

Ara G. HOVANESSIAN, Unité de Virologie et Immunologie Cellulaire,
Institut Pasteur, 28, rue du Dr. Roux 75015 Paris France.

The double-stranded RNA (dsRNA)-activated protein Kinase,
recently called PKR for protein kinase -RNA-dependent, is induced in
mouse and human cells upon treatment with interferon. In general, PKR
is activated by binding to dsRNAs ; however, some single-stranded
RNAs, by virtue of their stem-loop structure, can bind and thus trigger
activation. Besides RNA molecules, the purified PKR has been shown to
be also activated by heparin. Once activated, the known function of this
serine/threonine protein kinase is the phosphorylation of the protein
synthesis initiation factor elF2, thus mediating inhibition of protein
synthesis. Through this latter mechanism, PKR is implicated in the
antiviral and antiproliferative effects of interferon. Direct evidence for
this was provided by the expression of the recombinant human kinase in
murine cells (Meurs et al., J. Virol. 66: 5805-8514, 1992) and in
Saccharomyces cerevisiae (Chong et al., EMBO J., 11: 1553-1562, 1992).

By transfection of the cDNA encoding the human PKR in murine NIH
3T3 cells, we have established several stable clones expressing either
the wild-type kinase or an inactive mutant possessing a single amino
acid substitution in the invariant lysine 296 in the catalytic domain II.
Upon infection with encephalomyocarditis virus (EMCV), wild-type but
not mutant expressing clones were found to partially resist virus
growth. Under these experimental conditions, the wild-type kinase and
the small subunit of elF2 were phosphorylated.

Besides its antiviral and antiproliferative functions, PKR has been
shown to manifest a potential tumor suppressor function. Indeed,
expression of a mutant inactive form of PKR in NIH/3T3 cells was
correlated with a malignant transformation phenotype, giving rise to
the production of large tumors in all inoculated mice. This suggested
that functional PKR, by a still undefined mechanism, may also act as a
tumor suppressor (Meurs et al., PNAS, 90:232-236, 1993). The
observation that the inactive mutant transfected PKR behaves as a
dominant-negative inhibitor of the endogenous functional PKR (murine),
suggests that the largely expressed mutant protein may perhaps
sequester a phosphorylatable substrate implicated in the mechanism of
tumor suppressor.



V. Virus Infection and the Major
Histocompatibility Complex
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TNF, a potent pro-inflammatory cytokine, is produced by macrophages in response to
a variety of stimuli including virus infection. Antiviral activities attributed to TNF include
inhibition of virus replication and direct cytolysis of virus-infected cells. TNF mediates these
effects by binding to high affinity cell surface receptors. Most cells express these receptors but
are not sensitive to the lytic effects of TNF. The mechanism underlying TNF mediated cell
death is incompletely understood but it appears to involve activation of the large cytoplasmic,
arachidonate selective phospholipase A, (cPLA,). Arachidonic acid metabolism in tumn leads to
other mediators of the inflammatory response, e.g. prostaglandins and leukotrienes, and to active
oxygen species that are probably the proximal mediators of cell death.

Human adenoviruses encode several proteins that modify cellular signals transduced
following encounter with TNF. EIlA expression converts most normal, TNF-resistant cells to
TNF sensitivity. Mutational analysis indicates that the capacity of EIA to alter cell cycle
regulation via binding to the retinoblastoma protein, thereby releasing the cellular transcription
factor E2F, is also responsible for altering TNF susceptibility. The adenovirus genome encodes
four unique proteins that protect the virus-infected cell from ElA-induced sensitivity to TNE.
The function of these proteins is cell-type dependent. E1B-19K, a protein associated with the
nuclear membrane, protects adenovirus-infected human cell lines from TNF lysis. However
E1B-19K does not function in any of the mouse cell lines tested. [E3-14,7K, an abundant
cytoplasmic protein, suppresses TNF lysis in nearly all mouse cell lines tested. A complex of
two plasma membrane proteins, E3-10.4K/14.5K, also protects most mouse cell lines from TNF.
This redundant expression of viral proteins, all apparently inhibiting the same host anti-viral
response, suggests that TNF is an important mediator, suppression of which is critical to the
reproductive strategy of the virus.

The reported involvement of cPLA, in TNF-mediated killing led us to investigate the
effect of the adenovirus proteins on TNF-induced ¢PLA, activation, measured by arachidonic
acid release. TNF activates cPLA, in adenovirus infected mouse cells, and expression of either
E3-14.7K or E3-10.4K/14.5K prevents this activation. Furthermore, E3-14.7K expressed in a
stably transfected cell line prevents TNF-induced arachidonate release. In preliminary
experiments, E1B-19K likewise prevents cPLA, activation in human cells. In each case, the
adenovirus inhibitors functioned to prevent cPLA, activation only under the circumstances in
which they also inhibit TNF-mediated cytolysis. This coincidence of function supports the idea
that cPLA, activity is essential for TNF-induced cell killing. The different sub-cellular locations
of the inhibitor proteins suggests that each blocks a different step in the sequence leading from
TNF-receptor binding to cPLA, activation,

To assess the impact of expression of the TNF inhibitor proteins on adenovirus-induced
disease, a mouse model system was employed in which wild type or mutant virus was inoculated
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intranasally and lungs examined by histology seven days later. All viruses tested caused a
moderate degree of histopathology characterized by a perivascular and peribronchiolar
mononuclear cell infiltrate. However, a marked increase, notably in the interstitium, was
elicited by virus lacking both E3-14,7K and E3-10.4K/14.5K function. The pathology elicited
by this virus is similar to the interstitial pneumonia seen in adenovirus infections in children.
Thus, the pathogenesis of pulmonary adenovirus infection may arise from TNF-induced
activation of cPLA, leading to production of inflammatory mediators.



57

ADENOVIRUS PROTEINS THAT INHIBIT AND PROMOTE CELL DEATH. W. Wold',
A. Tollefson!, A. Scaria!, T. Hermiston', J. Ryerse?, R. Tripp®, T. Sparer’, and L. Gooding®.
'Department of Molecular Microbiology and Immunology, *Department of Pathology, St. Louis
University School of Medicine, St. Louis, MO; *Department of Microbiology and Immunology,
Emory University School of Medicine, Atlanta, GA.

The human adenovirus (Ad) E1A proteins alter the activities of pre-existing cellular
transcription factors and thereby affect expression of viral and cellular genes. Among other
functions, E1A induces apoptosis as well as susceptibility to TNF-induced cytolysis; these
properties map to a specific domain in E1A termed conserved region 1 (CR1). The Ad E1B-
19K protein inhibits both E1A- and TNF-induced cell death, thereby allowing virus replication
to proceed. Two "sets" of Ad region E3 proteins, the E3-14,7K protein and the E3-
10.4K/14.5K complex of proteins, also independently inhibit TNF-induced cytolysis. The E3
proteins do not inhibit E1A-induced cytolysis. Linda Gooding will discuss collaborative studies
which address the roles that the Ad proteins play in TNF-induced cytolysis in vitro and
inflammation in vivo.

The Ad E3-gp19K protein is a transmembrane glycoprotein, localized in the endoplasmic
reficulum (ER), which forms a complex with MHC class I antigens and blocks their transport
to the cell surface. In collaboration with Linda Gooding, we have shown that gp19K inhibits
killing of Ad-infected cells by Ad-specific CTL. Using a series of in-frame deletions and Cys-
to-Ser mutations in gp19K, we now show that virtually the entire ER lumenal domain (residues
1-107) of gp19K is important for binding to class I antigens. We propose that the ER lumenal
domain consists of two subdomains: (i) residues ] to ca. 80, a region that is variable in
sequence among Ad serotypes, may bind to the variable ol and a2 domains of class 1 o chain;
and (ii) residues ca. 80 to 107, a region that is conserved among Ad serotypes, may interact with
a conserved cellular protein,

The role that gp19K may play in pathogenesis has been investigated in a mouse (H-2%)
model. Seven days following intranasal infection, moderate perivascular and peribronchiolar
infiltration of mononuclear cells was observed. Unexpectedly, similar pathology was observed
with wild-type and mutants that lack gp19K. In virro, y-interferon (IFN) abrogates the ability
of gp19K to prevent killing of Ad-infected syngeneic target cells by Ad-specific CTL, apparently
because y-IFN up-regulates class I antigens. In vivo, we postulate that increased +y-IFN
synthesis leads to increased class I expression, and this overwhelms the ability of gp19K to block
transport of class I antigens to the cell surface.

The mechanism by which Ad is released from infected cells in unknown. We report a
new function for the E3-11.6K protein from Ad2 and Ad5 (subgroup C human Ads) that may
relate to Ad release from infected cells as well as the more general issue of cell viability. We
have shown that 11.6K is synthesized in small amounts from E3 mRNAs at early stages of
infection, but in very large amounts from novel major late mRNAs at late stages of infection.
Also, 11.6K is an N- and O-linked integral membrane glycoprotein that initially localizes to the
ER and Golgi but ultimately localizes to the nuclear membrane. Ad mutants lacking 11,6K have
very small plaques that are slow to develop. Mutants lacking 11.6K replicate as well as wild-
type, but mutant viruses are released more slowly than wild-type from infected cells. Cell
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viability assays (morphology, release of lactic dehydrogenase, trypan blue exclusion, MTT assay
for mitochondrial activity) indicate that cells infected with 11.6K mutants stay alive much longer
than cells infected with wild-type virus. Also, cellular DNA is degraded more slowly with
11.6K mutants than with wild-type virus. Thus, 11.6K appears to promote cell death,

The Ad2 version of 11.6K is 101 amino acid residues. There is an internal (aa 41-60)
uncleaved signal-anchor domain for membrane insertion, and the protein is oriented in the
membrane with the N-terminus in the lumen and the C-terminus in the cytoplasm (or
nucleoplasm). Mutants with extensive deletions on the N- and C-terminal sides of the 11.6K
signal-anchor domain are near wild-type in viability assays, implying that the signal-anchor
domain is the key region that promotes cell death. Sequences within aa 61-78 are important in
targeting 11.6K to the nuclear membrane.

The E1B-19K protein localizes to the nuclear membrane and to structures on the nuclear
periphery. Interestingly, double-label immunofluorescence indicates that 11.6K co-localizes with
EIB-19K at very late stages of infection, Also, with mutants that lack EIB-19K, 11.6K
localizes to all cellular membranes rather than the nuclear membrane and the structures on the
nuclear periphery. We propose that 11.6K interacts with EIB-19K at very late stages of
infection and abrogates the ability of E1B-19K to inhibit cell lysis. In this way, 11.6K promotes
cell lysis and the subsequent release of virus particles.
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The mechanism by which Ad12 E1A mediated repression of class I synthesis in
transformed cells contributes to escape from immunosurveillance

Robert P. Ricciardi  Dept. of Microbiology =~ University of Pennsylvania, USA

General background: All adenovirus seratypes can transform cells in vitro,
but only some can generate tumors in rodents. An explanation for this difference
in tumorigenic potential was originally made by van der Eb's lab, where they
showed that expression of the major histocompatibility complex (MHC) class I
antigens are diminished in rat cells transformed by Ad12 (highly oncogenic) but
not by Ad5 (non-oncogenic) (1, 2). Since class I and foreign (e.g., viral) antigens
must be co-recognized by cytotoxic T lymphocytes (CTLs) for lysis of target cells
to occur, the reduced levels of class I antigens on Ad12-transformed cells may
favor their escape from immunosurveillance and act as an important step in
tumorigenesis.

Ad12 E1A represses each of the class I genes of the MHC in transformed
cells of different species: We have shown that class I repression by Ad12 extends
to both mouse and human transformed cells and that Ad12 E1A is responsible
for this effect. By using genetically matched sets of Ad5- and Ad12-transformed
mouse cell lines, we demonstrated that there is diminished expression of class I
antigens and mRNAs encoded by each of the class I genes (H-2 K, D, and L) of
the MHC locus (3). Stimulation of class I expression in Ad12-transformed cells
by interferon-g revealed that there is not a deficiency of the H-2 genes (3).
Transformation of human cells with Ad12 E1A (and a non-adenovirus oncogene
used to obtain complete transformation), resulted in greatly reduced levels of all
class I antigens and mRNAs (HLA-A, -B, and -C) (4). This provided compelling
evidence that the Ad12 E1A protein products mediate class I repression in the
absence of other adenovirus genes.

Tumors correlate with low class I expression: We found that tumors
generated by injection of Ad12-transformed cells into syngeneic mice express low
levels of the H-2 antigens, indicating that this phenotype is maintained in vivo (3).
We also found that Ad12-transformed cells infected with influenza virus in vitro
were resistant to lysis by syngeneic, influenza virus-specific CTLs (5). The
relevance of diminished class I expression to oncogenicity was made apparent by
a reversal in tumorigenicity following treatment of Ad12-transformed cells with
IFN-g or by introduction of an exogenous class I gene under the control of a non-
H-2 promoter (6).

Class I reduction is at the level of transcription: Using nuclear run-on
assays, we (7) and others (8, 9) demonstrated that the low levels of class | mRNA
in Ad12-transformed cells results from a decrease in the rate of transcription.

i in Ad12- form Ils: We and
others have recently demonstrated that expression of an exogenous H-2K
promoter (driving the CAT reporter gene) was dramatically lower in Ad12-
compared to Ad5-transformed cells (10, 11). By mutational analysis we have
shown that the class I enhancer (-205 to -159) is much less active in Ad12-
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transformed cells; this was observed with constructs in which the enhancer was
juxtaposed either to its own basal promoter or to heterologous promoters (11).
Rl and R2 factor binding sites within the class I enhancer are each

The R1 site : In most cells, the R1 site contributes the major transcriptional
stimulation by the class I enhancer, Although factor binding to the R1 site was
seen to be generally the same between Ad5- and Adi2-transformed cells,
constructs containing different multimers of the R1 site joined to the H2 basal
promoter were less active in Ad12- than in Ad5-transformed cells (12).

The R2 site: Generally, the R2 element provides a moderate enhancer
activity compared to the R1 element (13). In Ad12 transformed cells, we found
that the ability of R1 alone to stimulate the H2 basal promoter, was blocked by
juxtaposing R2 next to R1 (12). Binding activity to the R2 site of the class I
enhancer is significantly higher in Ad12- compared to AdS-transformed cells (11,
12, 14) . Both the binding activity (12, 15, 14) and repression of the R1 element
(12) is lost when the R2 site of the enhancer was mutated at nucleotides known to
be critical for binding RXRb, a retinoid receptor protein (16). Indeed, treatment
with retinoic acid was shown to be capable of relieving the repression. Most
recently, a COUP-like hormone receptor has now been identified as the nuclear
receptor protein which binds to the R2 site of the class I enhancer in Ad12
transformed cells (15).

Potential significance for immuno-escape; A model for the mechanism for
MHC class I repression in transformed cells and the possible significance of this
mechanism to the establishment of latency by infectious Ad12 in humans will be
discussed.
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Oncogenicity of adenovirus-transformed cells; relationship with expresion of class I
MHC antigens

Alex J. van der Eb, Govert J. Schouten, Alt Zantema, René E. M. Toes* W. Martin
Kast*, Cornelis J.M. Melief*.

Laboratory of Molecular Carcinogenesis and *Department of Immunohaematology and
Bloodbank, Leiden University, P.O.Box 9503, 2300 RA Leiden, The Netherlands.

The human adenoviruses are divided into 2 groups on the basis of their oncogenic
potential in hamsters: the oncogenic adenoviruses, e.g. adenovirus 12 (Ad12) and the
non-oncogenic adenoviruses, e.g. AdS5. Both groups of viruses, or their DNA, can
transform cultured cells, but only cells transformed by oncogenic viruses form tumors in
immunocompetent syngeneic animals, whereas cells transformed by non-oncogenic viruses
can not. Both types of transformed cells, however, can induce tumors in
immunodeficient nude mice. A possible explanation for this phenomenon is the
observation that the E1A region of oncogenic Ad12 inhibits expression of the class I
MHC genes in the transformed cells (P.I. Schrier et al. Nature, 305, 771-775, 1983).
Reduced expression of class I MHC antigens could result in evasion of the T-cell immune
defence. In contrast, cells transformed by non-oncogenic AdS can be efficiently
recognized and killed by cytotoxic T-lymphocytes (CTL). Previous work has shown that
these CTLs recognize a single immunodominant epitope of the Ad5 EIA protein of 10
amino acids long (SGPSNTPPEI). Studies were under taken to generate EIA mutants
which are no longer recognizable by the wild type ElA-specific CTLs. We then
investigated whether cells transformed by these mutant-E1As elicit CTLs that recognize a
minor T-cell epitope of the E1A protein, or whether they escape detection by T-cells. It
will be shown that the cells transformed by the mutant-E1A induce strong CTL activity.
However, the epitope recognized by the CTLs were not derived from any of the viral
proteins.

Qur studies on the mechanism of inhibition of class I MHC gene expression by
Ad12 E1A have shown that the class I-regulatory element (CRE), located between -160
and -200 of the mouse H-2 promoter, plays a role in this repression, and that the H,TF1
element in the CRE is particularly important. In Ad12-transformed cells the H,TF1 levels
are considerably lower than in AdS-transformed cells. The effects of re-expression of

H,TF1 on MHC class I expression and oncogenicity will be discussed.
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IN VIVO EXPRESSION AND FUNCTION OF THE ADENOVIRUS E3 GENES THAT AFFECT
VIRULENCE M.S. Horwitz, J. Tufariello, G. Fejer and A. Grunhaus, Department of
Microbiology and Immunology, Albert Einstein College of Medicine, Bronx, New York 10461

The E3 region of the human adenoviruses (Ads) contains genes that code for proteins with
the potential for modulating the immune response to infection. Among these proteins are the gp19K
that binds to the class I major histocompatibility complex (MHC) to prevent its transport to tﬁe cell
surface, and the 14.7K that inhibits cytolysis by tumor necrosis factor (TNF-a). Because the human
Ads do not replicate in the mouse, we {avc expressed the Ad gpI9K and 14.7K genes either in
vaccinia virus (VV) constructs or in transgenic mice in order to understand the function of these Ad
gencs in vivo.

_ Thesc cxperiments have determined that the Ad 14.7K protein can increase the virulence of
VV in a murinc pneumonia model induced after intranasal inoculation of the virus. For these
studies, a VV construct containing the TNF-a gene inserted into the HindIlIF region was further
modified to contain the 14.7K gene in either the expressing (VV/14.7+/TNF) or nonexpressing
orientation (VV/14.7-/TNF). These VV's allowed us to deliver the pathogen to Balb/c mice
together with the agonist (TNF-a) and the antagonist (14.7K) in various combinations. TNF-« had
been previously shown to decrease the mortality after VV infection, However, the 14.7K gene
product madc the VV pneumonia more severe as evidenced by increased mortality, enhanced VV
growth in the lungs and more scvere pulmonary histopathology. The 14,7K clonegl into VV in the
absence of the cytokine did not ravate discasc, furthcr arguing that the effect of the 14.7K is
mediated through its antagonism of the TNF-c.

Comparable experiments were also performed in SCID mice to determine if T or B cells
participatcd in the 14,7K effect. In contrast to immunocompetent animals, SCID mice infected with
VYV containing TNF survived acute infection with little or no disease, They did not succumb within
the first 2 weeks as did the immunocompetent animals. However, over a period of 1 to 3 months,
the animals developed evidence of viremic spread of VV from the lungs to the skin, manifest b
vesicles on non-hairy surfaces such as tail, ears and paws. The animals infected wil
VV/14.7+/TNI became ill and viremic 2 to 4 weeks before animals with VV/14.7-/TNF. These
studies indicate that T or B cells are not necessary for the 14.7K effect which can still be
demonstrated in SCID animals.

Frrom studies of the Ad gpl9K cloned into VV we have determined that down regulation of
class I MHC is not sufficient to alter VV growth or disease in vive. This confirms another recent
study of VV infection in 82-microglobulin knockout mice, where it was also demonstrated that the
elimiation of class T MHC on the cell surface did not affect mortality.

Transgenic animals containing the cntire E3 region bchind its own single promoter have
been constructed, and expression of the promoter and 5 of the mRNAs within this complex
transcription unit have been determined, These analyses included both the amounts of transcripts in
various organs and in the cells of primary tissue culture derived from E3-transgenic lung and
kidney. Thesc studics were undertaken to determine the activity of the E3 promoter and measure
some of the Ad prolein products synthesized in transgenic mice tissue before determining their
cffccts on pathogenesis. Tge E3 promoter is activated by Ad E1A during viral infection and has also
been shown to be induced directly by NFkKB or indirectly by TNF in plasmid constructs. In primary
tissue culture of transgenic lung and kidney, the E3 promoter was inactive until induced b
infection with Ad dl 7001 virus which produced E1A but does not contain any endogenous E
genes. The pattern of mRNA production as measured by PCR indicated that gpl9, the major E3
transcript following Ad infection in HeLa cells, is decreased in lung cultures compared to other E3
transcripts, cven those made from the same PCR primers. However, the pattern of gpl9
predominance was demonstrated in transgenic kidney ccll cultures, suggesting that there is
differential splicing of the E3 transcript in lung compared to kidney cells. In direct confirmation of
some of the transcriptional results, the gpl9K protein has been detected in kidney cells but not in
lung cell cultures derived from the transgenic animals after trans-activation with E1A,

Analysis of E3 transcripts directly in various organs from transgenic mice showed that the
E3 promoter was very active in kidney and thymus but much less active in liver, lung, spleen and
brain. After induction for 5 hours with LPS, there was activation of the E3 promoter in liver, lung
and brain but not in spleen. The effect of the E3 genes on discase induced by a variety of viruses,
including the mouse adenovirus that does not contain an E3 region comparable to the human Ads,
will be studied in this model transgenic systen.
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GENERATION OF HUMAN T-CELL CLONES BY USING A
T-LYMPHOTROPIC HERPESVIRUS

Brigitte Biesinger', Helmut Fickenscher', Armin Ensser', Barbara Broker™*,
Frank Weber*, Edgar Meinl', Hartmut Wekerle', Reinhard Hohlfeld?,
Frank Emmrich®, and in'

'nstitut filr Klinische und Molekulare Virologie, Loschgestr. 7, D-91054 Erlangen;
?Max-Planck-Gesellschalt, Klinische Arbeitsgruppen fiir Rheumatologic nm Institut fiir Immunologie,
Schwabachanlage 10, D-91054 Erlangen: *Max-Planck-Institut fir Psychiatrie, Abt. Neuroimmunologie,
Am Klopferspitz 18A, D-82143 Plunegg-Martinsried; ‘present uddress: Bemhurd-Nocht-Institut fiir
Tropenmedizin, D-20359 Hamburg; Spresent address: Neurologische Universititsklinik, D-37075 Géttingen

A T-lymphotropic tumour virus of New World monkeys, Herpesvirus saimiri strain
C-488, transforms primary human T-lymphocytes to permanent growth in a reproducible
and efficient way. Stably proliferating cell-lines have becn derived from adult PBMC, from
cord blood lymphocytes, from thymocytes, and from isolated T-cell clones. The resulting
(oligo-) clonal T-cell lines proliferate in presence of IL2 independently of antigen or
mitogen, and show the phenotype of activated mature peripheral T-lymphocytes. The cells
carry the CD4 or CD8 molecule on the surface, and harbour viral episomes in high copy
number. The transforming activity of Herpesvirus saimiri C-488 was assigned to the szp-C
oncogene (saimiri transforming protein of virus strain C-488). In transformed lymphocyte
cultures, viral transcripts have not been detected except from the left terminal stp-C gene,
which is translated into a cytoplasmatic protein. The oncogene seems to be expressed
independently from other viral factors, but is subjected to T-cellular regulation,

Transformed T-cell cJones resemble the parental cultures in many features. Tyrosine
phosphorylation patterns and calcium mobilization levels after CD3- and/or CD4-ligation, as
well as abundance and activity of the lymphocyte specific tyrosine kinase p56“* are not
altered. Infection of antigen specific human T-cell clones directed against myelin basic
protein or tetanus toxoid led to continuous growth of the cells without need for antigen
restimulation. Nevertheless, the resuiting growth transformed clonal T-cell lines retained
their antigen specificity and responded with enhanced proliferation and IFN-y production
upon exposure to the specific antigen.

Transformation with Herpesvirus saimiri is therefore becoming an cfficient tool for
the expansion of antigen specific T-cell clones without the necessity of restimulation.
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Control of virus replication by Mx proteins: Inhibition of vesicular stomatitis
virug in vitro mRNA synthesis by purified human MxA protein

Peter Staeheli
Institute for Virology, University ot Freiburg, Germany.

The Interferon-induced human MxA protein is a cytoplasmic 76-kDa GTPase that can inhibit
the multiplication of influenza A virus, vesicular stomatitis virus (VSV) and some other RNA
viruses. The related mouse Mx1 protein is a GTPase that accumulates in the nucleus. The gene
that codes for Mx1 determines susceptibility of mice to experimental infections with influenza
A virus. Otto Haller's group recently showed that Mx1 also controls susceptibility of mice to
thogoto virus, a still poorly characterized tick-born orthomyxovirus.

Mutant analysis Indicates that a functional GTP-binding motif is of critical Importance for
GTPase and antiviral activity of Mx proteins. It remains unclear, however, whether GTP
hydrolysis is indeed required for antiviral activity of Mx proteins or whether GTP binding
(rather than hydrolysis) is of crucial importance. For example, the GTP hydrolyzing activity
of the MxA varlant T247N was about 10-fold lower than that of wild-type MxA, nevertheless,
T247N blocked virus replication In transfected 3T3 cells with high efficiericy. Mutants
showing normal GTP-binding activity but lacking GTPase activity will be required to clarify
this point. The MxA variant T103A has such properties. Unfortunately, assessing its antlviral
activity is complicated by the fact that T103A shows aberrant distribution in transfected cells.
Since VSV mRNA synthesis has been identified as the target of MxA action in vivo, we tested
whether purified MxA can inhibit this viral mulliplication step In vitro. A protocol for easy
production of large quantities of GTPase-active MxA was established in collaboration with
Jovan Pavlovic's group: MxA cDNA is cloned into the bacterial expression vector pQE9 which
permits the production in E, coli of recombinant protein with six extra histidine residues at
the amino terminus, and histidine-tagged MxA is purified to near homogeneity from the
soluble fraction of bacterial lysates by nickel agarose affinity chromatography followed by
chromatography on a MonoQ ion exchange column. We found that highly purified MxA indeed
Inhibited VSV transcription In vitro, regardless of whether ribonucleoprotein complexes were
prepared from VSV-infected cells or from purified virions. Transcription was blocked almost
completely when MxA was used at concentrations higher than 0.5 pg/ul and when the specific
GTPase activity of the MxA preparation was at least 50 nmol/min/mg. MxA had no effect on the
stability of preformed VSV mRNAs. Control experiments indicate that degradation of GTP in the
reaction mixture cannot account for the observed inhibitory effect of MxA on VSV mRNA
synthesis. Curiously, VSV transcripts synthesized In the presence of sub-optimal
concentrations of MxA migrated on polyacrylamide/urea gels as fuzzy bands. The simplicity of
this in vitro system should now allow to characterize the interaction of MxA with the VSV
polymerase complex in great detail.
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Inhibition of Influenza Virus RNA Synthesis by Mx1 Proteln

Jovan Paviovic
Institute of Medical Virology, University of Zlrich, CH-8028 Z0rich, Switzeriand

The Mx proteins form a small family of GTPases which are induced In response to interferon
(IFN) type I. Human MxA and murine Mx1 are closely related proteins with intrinsic
antiviral activities. The specificity of Mx1 appears to be restricted to members of the
orthomyxovirus family. In contrast, MxA has ‘a broader activity inhibiting the
multiplication of influenza viruses (orthomyxoviridae), vesicular stomatitis virus
(rhabdoviridae) and measles virus (paramyxoviridae). Mx1 is a nuclear protein whereas
MxA accumulates in the cytoplasm. Mx1 and MxA inhibit influenza A virus multiplication at
different steps of its replication cycle. Mx1 protein inhibits the transcription of influenza
virus genes, whereas MxA protein interferes with a later replication step taking place in the
cytoplasm. Interestingly, when recombinant MxA containing a SV40 nuclear translocation
signal at its N-terminus is expressed in the nucleus of transfected cells it blocks influenza
virus mRNA synthesis like Mx1.

The observed inhibition of influenza virus RNA synthesis by the mouse Mx1 protein could be
due to a specific interaction of Mx1 with the viral transcriptase complex formed by the
polymerase subunits PB1, PB2, PA and the nucleoprotein NP. We tested this possibility in
collaboration with Mark Krystal by measuring the antiviral activity of Mx1 protein in
transfected mouse cells overexpressing the polymerase proteins or NP. Indeed, efficient
neutralization of Mx1 was observed in infiuenza virus RNP-transfected cells when. the three
polymerase subunits were overexpressed simultanously via recombinant vaccinia viruses.
Expression of PB2 alone partially neutralized the activity of Mx1. In contrast,
overexpression of PB1, PA or NP had no influence on the inhibitory activity of Mx1. Similar
results were obtained when the individual viral polymerase proteins were expressed from a
constitutive cellular promoter in stably transfected mouse cells. Only expression of PB2
diminished the inhibitory effect of Mx1 on influenza virus multiplication. So far we were
not able to obtain biochemical evidence for a physical interaction of Mx1 with the viral
polymerase subunits or complex.

To further elucidate the molecular mechanism of influenza virus. inhibition by Mx proteins,
we examined the function of purified Mx proteins in a in vitro transcription. system of
influenza virus. First, we expressed recombinant Mx1 and MxA proteins, carrying a
histidine-tag at their N-terminus, in E. coli and purified them under nondenaturing
conditions by Ni-chelate affinity chromatography. As expected, the purified Mx proteins
showed a nucleotide hydrolysing activity specific for GTP. Interestingly, both Mx1 and MxA
inhibited the p-globin mRNA or ApG-dinucleotide primed influenza virus RNA synthesis in
vitro, while a mutant Mx1 protein with wild type GTPase activity but lacking antiviral
activity in vivo was inactive in vitro also. The availability of recombinant Mx: proteins
allows us now to examine which PB2 dependent step of influenza virus mRNA synthesis
(cap-stealing, initiation or elongation) is targetad by My avothin,
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CONTROL OF FEVER BY THE VACCINIA VIRUS IL-18
RECEPTOR

Antonio Alcami, Niall C. Higbee and Geoffrey L. Smith

Sir William Dunn School of Pathology, University of Oxford, South Parks Road,
Oxford OX1 3RE, UK.

The induction of fever by the host in response to infection is an important
defense mechanism that enhances aspects of the immune response and restricts
the replication of some microorganisms. Here we show that vaccinia virus has
devised a mechanism to prevent the febrile response induced in infected animals.

Gene BI15R of vaccinia virus strain WR encodes a soluble receptor for
interleukin-1B (IL-1B) that is expressed late during infection and binds IL-1B with
high affinity. Deletion of the gene does not affect virus replication in cell culture
but alters the virus virulence. Although the number of mortalities resulting from
infection of mice by the intranasal route with either the wild type (WR) or
deletion mutant (vABI5R) viruses were indistinguishable, animals infected with
vAB15R suffered a more severe infection with stronger signs of illness and
accelerated weight loss. We show here that vAB15R-infected animals develop
fever in contrast with WR-infected animals. This fever is directly controlled by
the B15R gene product since re-insertion of the gene into the vVABISR deletion
mutant prevented fever induction. Fever was also induced in animals infected
with other vaccinia virus strains that do not express the IL-1B receptor
(Copenhagen and Tashkent), but not with strains that express the receptor (Tian-
Tan and IHD-J). The role of the IL-1f receptor in control of fever was confirmed '
by preventing the febrile response in mice infected with a Copenhagen virus
strain engineered to express this protein. These results suggest that soluble IL-1B
and not other pyrogens such as IL-1a, tumour necrosis factor (TNF) or IL-6, is the
main mediator of fever in the context of a poxvirus infection.

The severity of the infection, measured by signs of illness and weight loss, was
also reduced when the B15R gene was reinserted into the vABISR deletion
mutant or restored in the Copenhagen strain. Despite this there was enhanced
virus replication in the lungs of animals infected with WR virus compared with
vAB15R suggesting that a local inflammatory response mediated by IL-1B can
restrict virus replication.
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Glen N. Barber and Michael G. Katze

ent of Microbiology. School of Medicine, University of Washington, Seattle,
Washington, U.S.A.

The double-stranded RNA activated protein kinaseé (known as PKR but also referred to
as P68 and DAI) is an interferon-inducible enzyme thought to play a key role in the
cellular defense against viral infection. PKR may also participate in the anti-
proliferative effects mediated by interferon since enhanced expression of functional
PKR is growth suppressive and constitutive expression of catalytically defective PKR
mutants can lead to malignant transformation. To further define PKR's role in the
control of cell growth in the absence of other interferon-induced gene products, we
analyzed the transient expression of mutant and wild-type kinase molecules in
transfected COS cells. We found that functional PKR was expressed inefficiently
compared to a catalytically inactive PKR mutant which was expressed at levels 30-40-
fold higher. Following protein stability and mRNA measurements we confirmed that
PKR expression was regulated at the level of mRNA translation. Cotransfection
experiments revealed that the catalytically inactive PKR mutant could stimulate reporter
gene protein synthesis in a transdominant manner. In addition to studying the function
of catalytically inactive PKR mutants, we have analysed the properties of PKR
molecules possessing mutations in the regulatory domains. We found that certain
mutants were incapable of interaction with both dsRNA activators or viral RNA
inhibitors. We will report on the functional analysis of these dSRNA binding mutants
including their effects on cell growth and proliferation. Finally, we have developed in
vitro transdominant assays utilizing purified functional and defective PKR proteins in
an attempt to elucidate mechanisms underlying PKRs role in tumorogenesis.
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QUASISPECIES AND EVASION OF THE IMMUNE
RESPONSES : ROLE OF POSITIVE SELECTION AND OF
RANDOM CHANGE

Belén Borrego and Esteban Domingo.

Centro de Biologfa Molecular “"Severo Ochoa” (CSIC-UAM). Cantoblanco, Madrid.

The high mutation rates operating during RNA virus replication or
retrotranscription (averaging 10°3 to 10-5 substitution per rucleotide
and round of copying) dictates that RNA viruses consist of complex
distributions of non-identical but related genomes termed quasispecies.
We previously showed that antigenic variation of foot-and-iouth
disease virus (FMDYV) need not be the result of immune selection
(reviewed in Domingo er al., ].Gen.Virol.,, 1993, in press). We have
passaged eight samples of the same FMDYV clone in the presence of a
limited amount of neutralizing polyclonal antibodies directéd to the
major antigenic site (sitc A) of capsid protein VP1. Complex populations
of variants showing increased resistance to polyclonal sera and to
monoclonal antibodies were sclected. Some populations exhibited
marked decreases in viral fitness (overall multiplication and survival
ability in the considered enviroment). Multiple amino acid replacements
within site A - and also elsewhere in VPl - accumulated upon passage
of the virus either in the absence or presence of neutralizing antibodies.
However, antigenically critical replacements at one position in site A
occurred repeatedly in FMDV passaged under antibody selection but
they were never observed in many passages carried out cither in the
absence of anti-viral antibodies or in the presence of irrelevant sera.
Thus, even though antigenic variation of FMDV can occur in the absence
or presence of immune selection, critical replacements which lead to
important changes in antigenic specifity were observed only as a result
of selection by neutralizing antibodies. (Borrego er al., J.Virol, 1993, in
press).

Thus, the antigenic evolution of FMDV may be the result of random
fixation of tolerated substitutions at antigenic sites as well as of positive
selection events. In the latter case, minority components of the
quasispecies appear to be driven to dominance by antibody pressure at
the expense of considerable fitness loss.
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TUMOR NECROSIS FACTOR a STIMULATES EXPRESSION. OF
ADENOVIRUS EARLY REGION 3 PROTEINS IMPLICATED IN VIRAL
PERSISTENCE

Burgert, H.-G., Fritzsche, U., Ebenau-Jehle, C. and Kémer, H.
Spemann-Laboratorium, Max-Planck-Institut fir Immunbiologie, Stiibeweg
51, D-79108 Freiburg, Germany

Adenoviruses (Ads) can cause persistent infections in man. Implicated in this phenomenon
appears to be the early transcription unit 3 (E3) of the virus which is not essential for virus
growth in tissue culture cells. Its relative conservation in most Ad serotypes together with the
biologic activity of some proteins encoded in this transcription unit argues for an important role
in adenovirus pathogenesis and persistence (6).

Our studies focus on the function of the most abundant protein from this region, the E3/19K
protein. Previously, we demonstrated that this protein interacts specifically with class I
histocompatibility (class | MHC) antigens in the rough endoplasmatic reticulum (ER), thereby
inhibiting transport of MHC molecules 1o the cell surface (1). As a consequence, MHC-
restricted T cell recognition of E3/19K+ targer cells is drastically reduced (2). Subsequent
studics from our group showed that the structure of MHC antigens responsible for binding
E3/19K is contained within the two N- terminal domains, al and a2, comprising the peptide
binding pocket of MHC antigens (3. 4). At present, we are using site directed mutagenesis to
identify the amino acids that contribute to the complex formation.

Recendy, Ginsberg and colleagues developed a mouse in vivo model for Ad-induced pneumonia
(7). They showed that Ad-induced lesions were infiltrated, first, by macrophages/monocytes
and subsequently by T cells. This was accompanied by a increascd level of tumor necrosis
factor-a (I'NF-a) production. TNF-a and other cytokines are known to induce MHC
expression. We therefore examined 1n our transfection system whether TNF-a and interferon-y
(IFN-y) may overcome the E3/19K induced block of MHC class I expression. Surprisingly,
TNF-a reatment caused a further reduction of MHC antigens. Subsequent studies on the
mechanism of this effect showed an increased production of E3/19K mRNA and protein,
indicating that this cytokine directly or indirectly stimulates the E3 promoter, Supporting this
idea we also find an upregulation of other E3 proteins and a further reduction of the EGF-R. We
now cxamine whether the effect is mediated by the NFk-B transcription fuctor. The significance
of this phecnomenon was confirmed during infection wherc a dramatic increasc in the amount of
E3/19K after TNF-a treatment was demonstrated. The study provides evidence for a novel
interaction between the immune system and Ad in which the virus takes advantage of an immune
mediator to escape immunosurveillance of the host (5),
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TACARIBE ARENAVIRUS GENE EXPRESSION IN CYTOPATHIC AND
NONCYTOPATHIC INFECTIONS.

M* TERESA FRANZE-FERNANDEZ

Centro de Biologfa Molecular "Severo Ochoa"
(CSIC-UAM) Cantoblanco 28049 Madrid (Spain)

Tacaribe virus(TV) replication was compared in vero cells infected
under conditions leading either to cell death (cpe (+) infection) or to
the establishment of persistence (cpe (-) infection).To this end, two
virus preparations were employed: one containing a ratio of
standard (plaque forming) viruses to interfering particles (IP) that
would induce a distinct lytic response in Vero cells infected at
multiplicities giving synchronous infection and another virus stock
enriched in IP that would block the cell killing potential of the
cytolitic virus stock. The following results were obtained : 1).
Deleted viral RNAs could not be detected either at the
establishment or during the early stages of persistence. 2). Levels
of viral RNAs were severely reduced when the cells were infected
with IP in addition standard viruses, the RNA accumulation being
inversely proportional to the ratio of IP to standard viruses used in
the infections. 3).Accumulation of the three measurable mRNAs |,
those corresponding to the glycoprotein precursor,(GPC), to the
nucleoprotein (N), and to the pl1Z proteins ended earlier in the cpe
(-) infections (around 18 hr.p.i.) than in the cpe(+) infection (45-68
hr. p.i.). 4).The rate of synthesis of the GPC, N and pl1Z proteins
were largely determined in both, the cpe (+) and the cpe (-)
infections by the amounts of their corresponding m RNAs.5). The
kinetics of accumulation of the S genomes and also ,the ratios of the
S genome to S antigenome were similar in the different infections
(accumulation ending at 45- 68 hr.p.i.). 6). L genome accumulation
proceeded for longer time (until 92 hr.p.i.) than that corresponding
to the S genome in the cpé (+) infection, while in the cpe(-)
infections, L genome accumulation ended around 45 hr.p.i. Until this
time ratios of L genome to L antigenome were similar in the
different infections. It is concluded that IP affect virus mRNA
synthesis early after infection reducing in this way the rate of viral
protein synthesis. Low levels of viral proteins might then limit
virus replication.In addition the results support the idea that in TV
infections transcription and replication are under temporal control.
The implications of these results with regards to the nature and
mode of action of TV IP will be diccussed.
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GENETIC MECHANISMS THAT GENERATE ANTIGENIC DIVERSITY OF THE HUMAN
RESPIRATORY SYNCYTIAL VIRUS G GLYCOPROTEIN

Blanca Garcia Barreno, Paloma Rueda and José A. Melero.- Centro
Nacional de Microbiologia, Virologia e Inmunologia Sanitarias.
Instituto de Salud Carlos III.- Majadahonda, 28220 Madrid.- Spain

The phenomenom of antigenic variation has been related
to the capacity of certain animal and human viruses to reinfect
the same individual. Reinfections by respiratory syncytial (RS)
virus occur frequently among the human population. Epidemiological
data suggest that the reinfecting strain is antigenically different
to the one that caused the previous infection. Thus, evasion of
an immune barrier may be one of the factors determining natural
evolution of human RS virus.

We have focused our study 1in the G glycoprotein
(attachment) of human RS virus, since this is the viral polypeptide
that shows the highest degree of antigenic variation among human
isolates. To wunderstand the genetic basis of that antigenic
variation, escape mutants of the RS virus Lang strain were selected
by passaging the wvirus in the presence of anti-G monoclonal
antibodies. Analysis of the antigenic and genetic changes selected
in the escape mutants indicated that: 1) Variable epitopes, not
present in all the human isolates, are determined by the amino acid
sequence of the G protein C-terminal third. 2) The antigenic variants
contained different types of sequence alterations, including: i)
nucleotide substitutions leading to amino acid replacements, ii)
nucleotide substitutions that introduced premature in-frame stop
codons (1), 1ii) frame-shift mutations generated by delections or
insertions of a single adenosine (A) in oligo-A tracts of the G
protein gene (2), and iv) reiterative U-C substitutions
(hypermutations) in the G mRNA (3). The genetic mechanisms that
generated these changes and their relevance to RS virus evolution

will be discussed.

l.- P. Rueda, T. Delgado, A. Portela, J.A. Melero and B.
Garcia-Barreno. J. Virol., 65, 3374-3378 (1991).

2.- B. Garcia-Barreno, A. Portela, T. Delgado, J.A. Ldépez and J.A.
Melero. EMBO J., 12, 4181-4187 (1990).

3.- P. Rueda, B. Garcia-Barreno and J.A. Melero. Virology, submitted.
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INHIBITION OF MCMV IE GENE EXPRESSION IN NIH 3T3
CELLS BY IFN-ALPHA AND IFN-GAMMA.

G. Gribaudo, S. Ravaglia and S. Landolfo.

Institute of Microbiology, University of Turin,
10126 Turin, Italy. :

The replication of murine cytomegalovirus
(MCMV) in embryo fibroblasts from different mouse
strains or in NIH 3T3 cells was found to be very
sensitive to the antiviral activity of IFN-alpha
or gamma. Analysis of virus specified RNAs by
Northern Dblot technique revealed that  IFNs
significantly reduced the expression of the major
immediate early (IEl1, IE2 and IE3) as well as of
the early and late transcripts. An evaluation of
the early steps after MCMV entry showed that
uncoating and transport of wviral DNA to the
nucleus were not affected by IFN treatment. Since
transcription of MCMV IE region is regulated by a
strong enhancer element, a series of constructs
containing the reporter gene CAT driven by
segments of different 1lenght of the MCMV IE
enhancer were prepared. After transfection in NIH
3T3 cells, CAT activity in transient assays was
strongly inhibited by IFNs. When the transfected
cells were infected with MCMV the viral
transactivation of the reporter gene under the
control of MCMV IE sequences was inhibited by both
IFNs. Taken as a whole, these results suggest that
IFN-alpha or IFN-gamma impair MCMV replication in
NIH 3T3 cells at an early step during IE gene
transcription.
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Class I MHC molecules are retained in the endoplasmic
reticulum in cells infected with herpes simplex virus.

Ann B. Hill, Duncan McGeoch, Barbara Barnett and Andrew
McMichael.

We have studied the assembly and transport of MHC class I
molecules in human fibroblasts (fb) infected with herpes simplex
viruses types 1 and 2 (HSV1 and HSV2). Using a mutant strain of
HSV2 G with the gene responsible for host protein synthesis shutoff
deleted, we infected fb derived from donors of known MHC class I
types. 2-4 hours after infection the cells were metabolically labelled
with 35S-methionine for 2 hours. MHC Class I was
immunoprecipiated with W6/32 (recognizing @m associated class I)
or HC10 (recognizing free class I heavy chain). The
immunoprecipitates were analysed by isoelectric focusing, allowing
both the separation of individual class I alleles, and the monitoring of
transport through the Golgi complex by the aquisition of acidic
charge due to sialation. In HSV-infected cells, little or no class I MHC
acheived sialation, implying that assembled class I was retained in
the endoplasmic reticulum. In addition, more class I was found as
free heavy chain- ie it had not stably associated with beta-2
microglobulin and peptide. In contrast, Transferrin receptor was
normally sialated in HSV-infected cells. The effect was also seen

with HSV1- here the host protein synthesis shutoff gene (UL41) is
weaker and both wild type and UL41- mutant viruses caused
retention of class I. The effect is clearly seen within 2 hours of HSV
infection. The effect was not observed under conditions in which
only alpha (immediate early) proteins were expressed, and it was not
diminished by Phosphonoacetic acid which inhibits late gene (gamma
gene) expression, suggesting the the gene reponsible is an early (beta
or early gamma) gene.
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Ablation of PKR mRNA in intact cells induced by 2-5A-antisense
chimeras

A. Maran!, R.K. Maitral, B. Dong!, K. Lesiak2, W. Xiao3,

P.F. Torrence® & R.H. Silverman!

1Department of Cancer Biology, Cleveland Clinic Foundation, Cleveland, OH
44195, U.S.A,, 2Laboratory of Biophysics, Center for Biologics Evaluation and
Research, F.D.A., Bethesda, MD 20892, U.S.A., and 3Section on Biomedical
Chemistry, N.I.D.D.K., National Institutes of Health, Bethesda, MD 20892, U.S.A.

“Antisense" refers to the concept that nucleic acids which are
complementary in sequence may anneal in cells and inhibit gene expression.
We have developed a novel antisense strategy in which 2-5A-dependent
RNase is directed to specific RNA targets. Chimeric molecules were
synthesized in which the 2-5A species, pA(2'p5'A)3, was covalently linked to
antisense oligodeoxyribonucleotides. The antisense cassette of the chimera
binds to its complementary sequence in RNA while the accompanying 2-5A
component attracts and activates 2-5A-dependent RNase which then cleaves
the target RNA. In a cell-free system, we showed that 2-5A-antisense directed
2-5A-dependent RNase to specifically cleave a modified HIV mRNA (Torrence
et al,, Proc. Natl. Acad. Sci. U.S.A. 90, 1300-1304, 1993). To extend this work
to a naturally-occurring RNA sequence, we selected mRNA to PKR, the dsRNA-
dependent protein kinase. Accordingly, purified recombinant 2-5A-dependent
RNase degraded PKR mRNA in the presence of 50 nM of 2-5A-antiPKR but not
with 150 nM of 2-5A linked to an unrelated oligonucleotide. Furthermore, after
incubating Hela cells with 2-5A-antiPKR for 4 hrs, there was no intact PKR
mRNA remaining as determined using reverse transcriptase-coupled PCR. 2-
5A linked to irrelevant oligonucleotide sequences and antiPKR alone had no
effect on PKR mRNA levels and 2-5A-antiPKR did not reduce levels of actin
mRNA; thus demonstrating selectivity of action. In addition, 2-5A-antisense did
not reduce cell growth rates and therefore it is not cytotoxic. This new approach
to targeted RNA degradation promises to control gene expression and to act as
a therapeutic agent.
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The E3 region of C-type adenovirus interferes with the expression of the

CD8* T cell immunodominant E1A antigen and averts
immunopathology.

A. Miillbacher, A. Braithwaite, X. Zhang; Division of Cell Biology

John Curtin School of Medical Research, Australian National University
GPO Box 334, CANBERRA ACT 2601

The E3 region of c-type adenoviruses is pleiotropic in facilitating viral escape
from immune recognition. E3 region genes and their products have been
shown to down regulate MHC-class I, the recognition structure for CD8*
cytotoxic T (Tc) lymphocytes, in a molecule specific manner. We have shown
that genes within the E3 region down regulate the E1A products, the
immunodominant antigen for Tc cells. This down regulation occurs at the
translational level and is specific for viral products. Using E3 deletion mutants
the genes involved have tentatively been identified as E3 14.5kD and or the E3
10.4kD product(s). Furthermore the interaction between the E3 product(s) and
E1A region products resulting in decreased translation of E1A and
consequently in reduced adenovirus infected target susceptibility to lysis by
adenovirus immune Tc cells, requires subtype homology between the E3 and
E1A region.

E3 deletion mutants exhibit increased "virulence" in mice and preliminary data

indicate this to be due to CD8*T cell mediated immunopathology.
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Immunological recognition of FMDV
and its proteins in the bovine

Parkhouse R.M.E., Baron J., Collen T.C., Doel T.,
Flint M., Foster M., Garcia-Valcarcel M. & Ryan M.

AFRC Institute for Animal Health, Pirbright Laboratory, Woking, Surrey, UK.

RECOGNITION OF INTACI VIRUS

Humoral:

Unlike classical neutralising antibodies, total anti-FMDV antibodies, as

measured in an ELISA capture assay, are highly cross reactive.

Cellular:

Proliferative T cell responses of peripheral blood mononuclear cells (PBMC)
are barely detectable during primary responses to vaccine or virus, and
frequently low during secondary responses. For good T cell proliferation in

vitro, multiple immunisation is required.

This may reflect preferential stimulation of the Th2 ("B cell
helping”) CD4 T cell subset.

RECOGNITION OF INDIVIDUAL VIRAL PROTEINS

Expression Cloning:

Structural and non-structural proteins pseudogenes were cloned from cDNA

by PCR, expressed in pGEX-3XUC, and purified by SDS-PAGE.

Humoral:

Structural and non-structural proteins were recognised by infected animals.

Cellular:

Some structural and non-structural proteins were recognised and were cross

reactive.

Interestingly, VP, was strain specific, and the polymerase (3D)
was the most immunogenic and cross, reactive
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MUCOSAL IMMUNITY AS A WAY TO CONTROL HOST EVASION
MECHANISMS OF TRANSMISSIBLE GASTROENTERITIS CORONAVIRUS.

C. Smerdou and L. Enjuanes

Transmissible gastroenteritis virus (TGEV) is a coronavirus that infects pigs,
producing a transitory enteritis in adult animals, and a mortality close to 100% in piglets
younger than 10 days. TGEV escapes the immune system by infecting piglets, which are
0o young to develop an immune response against the virus in a short time. The infection
affects the gastrointestinal tract, producing a severe diarrhoea leading to dehydratation
and subsequent death. Piglets can be protected only by receiving passive protection
through the milk. This protection can be obtained by inducing lactogenic immunity in the
pregnant sow two weeks before delivery. The induction of lactogenic immunity can be
achicved by antigenic stimulation at the gut associated lymphoid tissues (GALT), such as
Peyer’s patches, or mesentheric lymph nodes. One of the strategies for inducing
lactogenic immunity against TGE is based on the expression of selected viral antigens in
prokaryotic or eukaryotic vectors with an enteric tropism. Attenuated forms of Salmonella
typhimurium and adenovirus have been chosen as prokaryotic and eukaryotic enteric
vectors, respectively, to express TGEV antigens involved in protection.

S. typhimurium Acya Acrp is an atienuated mutant that is avirulent and keeps its
immunogenicity and tropism for the GALT, being able to colonize and persist in this
tissue for up to 3 weeks before being climinated. The whole S glycoprotein of TGEV, as
well as three overlapping fragments of this protein, containing both conformational and
lincar antigenic sites, have been expressed as fusion products with B-galactosidase in
salmonella, using asd expression plasmids. These constructions have shown different
levels of antigenicity and stability in vitro and in vivo. A second type of construction in
salmonella was based on the expression of a linear epitope from the S protein which is
glycosilation independent and able to induce neutralizing antibodies. This linear epitope
was expressed as a fusion product with the B subunit of the heat labile toxin from E. coli
in monomeric and polimeric forms. These constructions showed good antigenicity and
very high levels of stability in vitro. The potentiality of all these recombinants to induce a
protective immune response in vivo is being evaluated.

Adenovirus 5 (AdS) has been used as an cukaryotic vector to express TGEV
antigenic determinants which are glycosilation dependent. Several truncated forms of S
gene from TGEV coding for the aminoterminus half were cloned into an SV-40 based
expression cassette in AdS and expressed in vitro. The recombinant Ad-5-TGEV viruses
sclected were stable and expressed the recombinant antigen. These recombinants were
able 1o induce TGEV neutralizing antibodies in hamsters.

Another approach to get lactogenic immunity is the development of transgenic
animals able to secrete specific immunoglobulins in milk. A neutralizing antibody
specific for TGEV recognizing a very highly conserved epitope has been selected. The
genes coding for the heavy and light chains of this immunoglobulin have been cloned
and will be incorporated in transgenic pigs under the control of the whey acid protein
(wap) promotor, which is specifically activated in mammary glands during lactation.
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Cytomegalovirus Prevents Antigen Presentation by Blocking the Transport
of Peptide-Loaded MHC Class I Molecules into the Medial-Golgi.
Margarita del Val'?, Hartmut Hengel', Hans Hicker', Udo Hartlaub', Thomas
Ruppert', Pero Lucin', and Ulrich H. Koszinowski'.

'Department of Virology, University of Ulm, Albert-Einstein-Allee, 11, D-7900
Ulm, Federal Republic of Germany. *Centro Nacional de Microbiologia, Virologia
e Immunologia Sanitarias, Biologia Molecular, E-28220 Majadahonda, Madrid,
Spain :

Selective expression of murine cytomegalovirus (MCMV) immediate early (IE)
genes leads to the presentation by the MHC class I molecule L of a peptide
derived from MCMYV IE protein pp89. Characterization of endogenous antigenic
peptides identified the pp89 peptide as the nonapeptide '“*YPHFMPTNL'™.
Subsequent expression of MCMYV early genes prevents presentation of pp89. We
report on the mechanism by which MCMYV early genes interfere with antigen
presentation. Expression of the IE promoter driven bacterial gene lacZ by
recombinant MCMV subjected antigen presentation of B-galactosidase to the same
control and excluded antigen specificity. The L’ dependent presence of naturally
processed antigenic peptides also in non-presenting cells located the inhibitory
function subsequent to the step of antigen processing. The finding that during the
E phase of MCMV gene expression the MHC class I heavy chain glycosylation
remained in an endo H sensitive form located the block to the endoplasmatic
reticulum/cis-Golgi compartment. The failure to present antigenic peptides was
explained by a retention of nascent assembled trimolecular MHC class 1|
complexes. At later stages of infection a significant decrease of surface MHC class
I expression was seen, whereas other membrane glycoproteins remained
unaffected. Thus, MCMV E genes endow this virus with an effective immune
evasion potential. These results also demonstrate that the formation of the
trimolecular complex of MHC class I heavy chain, B8,-microglobulin and the
finally trimmed peptide is completed before entering the medial-Golgi.

Del Val, M., Hengel, H., Hicker, H., Hartlaub, U,. Ruppert, T., Lucin, P., and
Koszinowski, U. H. (1992). J. Exp. Med., 176, 729-738.
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Workshop on Tolerance: Mechanisms
and implications.

Organized by P. Marrack and C. Marti-
nez-A. Lectures by H. von Boehmer, J.
W. Kappler, C. Martinez-A., H. Wald-
mann, N. Le Douarin, J. Sprent, P. Mat-
zinger, R. H. Schwartz, M. Weigert, A.
Coutinho, C. C. Goodnow, A. L. DeFran-
co and P. Marrack.

Workshop on Pathogenesis-related
Proteins in Plants.

Organized by V. Conejero and L. C. Van
Loon. Lectures by L. C. Van Loon, R. Fra-
ser, J. F. Antoniw, M. Legrand, Y. Ohashi,
F. Meins, T. Boller, V. Conejero, C. A.
Ryan, D. F. Klessig, J. F. Bol, A. Leyva
and F. Garcia-Olmedo.

Beato, M.:
Course on DNA - Protein Interaction.

Workshop on Molecular Diagnosis of
Cancer.

Organized by M. Perucho and P. Garcia
Barreno. Lectures by F. McCormick, A.
Pellicer, J. L. Bos, M. Perucho, R. A.
Weinberg, E. Harlow, E. R. Fearon, M.
Schwab, F. W. Alt, R. Dalla Favera, P. E.
Reddy, E. M. de Villiers, D. Slamon, |. B.
Roninson, J. Groffen and M. Barbacid.

Lecture Course on Approaches to Plant
Development.

Organized by P. Puigdoménech and
T. Nelson. Lectures by I. Sussex, R. S.
Poethig, M. Delseny, M. Freeling, S. C. de
Vries, J. H. Rothman, J. Modolell, F. Sala-
mini, M. A. Estelle, J. M. Martinez Zapater,
A. Spena, P. J. J. Hooykaas, T. Nelson,
P. Puigdoménech and M. Pageés.

Curso Experimental de Electroforesis
Bidimensional de Alta Resolucion.

Organizado por Juan F. Santarén. Semi-
narios por Julio E. Celis, James |. Garrels,
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254

255
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Joél Vandekerckhove, Juan F. Santarén
y Rosa Assiego.

Workshop on Genome Expression and
Pathogenesis of Plant RNA Viruses.

Organized by F. Garcia-Arenal and P. Pa-
lukaitis. Lectures by D. Baulcome, R. N.
Beachy, G. Boccardo, J. Bol, G. Bruening,
J. Burgyan, J. R. Diaz Ruiz, W. G. Dou-
gherty, F. Garcia-Arenal, W. L. Gerlach,
A. L. Haenni, E. M. J. Jaspars, D. L. Nuss,
P. Palukaitis, Y. Watanabe and M. Zaitlin.

Advanced Course on Biochemistry and
Genetics of Yeast.

Organized by C. Gancedo, J. M. Gance-
do, M. A. Delgado and . L Calderén.

Workshop on The Reference Points in
Evolution.

Organized by P. Alberch and G. A. Dover.
Lectures by P. Alberch, P. Bateson, R. J.
Britten, B. C. Clarke, S. Conway Morris,
G. A. Dover, G. M. Edelman, R. Flavell,
A. Fontdevila, A. Garcia-Bellido, G. L. G.
Miklos, C. Milstein, A. Moya, G. B. Mdller,
G. Oster, M. De Renzi, A. Seilacher,
S. Stearns, E. S. Vrba, G. P Wagrner,
D. B. Wake and A. Wilson.

Workshop on Chromatin Structure and
Gene Expression.

Organized by F. Azorin, M. Beato and
A. A. Travers. Lectures by F. Azorin, M.
Beato, H. Cedar, R. Chalkley, M. E. A.
Churchill, D. Clark, C. Crane-Robinson,
J. A. Daban, S. C. R. Elgin, M. Grunstein,
G. L. Hager, W. Horz, T. Koller, U. K.
Laemmli, E. Di Mauro, D. Rhodes, T. J.
Richmond, A. Ruiz-Carrillo, R. T. Simpson,
A. E. Sippel, J. M. Sogo, F. Thoma, A. A.
Travers, J. Workman, O. Wrange and
C. Wu.
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Lecture Course on Polyamines as mo-
dulators of Plant Development.
Organized by A. W. Galston and A. F. Ti-
burcio. Lectures by N. Bagni, J. A. Creus,
E. B. Dumbroff, H. E. Flores, A. W. Galston,
J. Martin-Tanguy, D. Serafini-Fracassini,
R. D. Slocum, T. A. Smith and A. F. Tibur-
cio.

Workshop on Flower Development.
Organized by H. Saedler, J. P. Beltran and
J. Paz Ares. Lectures by P. Albersheim,
J. P. Beltran, E. Coen, G. W. Haughn, J.
Leemans, E. Lifschitz. C. Martin, J. M.
Martinez-Zapater, E. M. Meyerowitz, J.
Paz-Ares, H. Saedler, C. P. Scutt, H.
Sommer, R. D. Thompson and K. Tran
Thahn Van.

Workshop on Transcription and Repli-
cation of Negative Strand RNA Viruses.
Organized by D. Kolakofsky and J. Ortin.
Lectures by A. K. Banerjee, M. A. Billeter,
P. Collins, M. T. Franze-Fernandez, A. J.
Hay, A. Ishihama, D. Kolakofsky, R. M.
Krug, J. A. Melero, S. A. Moyer, J. Ortin,
P. Palese, R. G. Paterson, A. Portela, M.
Schubert, D. F. Summers, N. Tordo and
G. W. Wertz.

Lecture Course Molecular Biology of
the Rhizobium-Legume Symbiosis.
Organized by T. Ruiz-Argleso. Lectures
by T. Bisseling, P. Boistard, J. A. Downie,
D. W. Emerich, J. Kijne, J. Olivares,
T. Ruiz-Argueso, F. Sanchez and H. P.
Spaink.

Workshop The Regulation of Transla-
tion in Animal Virus-iInfected Cells.
Organized by N. Sonenberg and L. Ca-
rrasco. Lectures by V. Agol, R. Bablanian,
L. Carrasco , M. J. Clemens, E. Ehrenfeld,
D. Etchison, R. F. Garry, J. W. B. Hershey,
A. G. Hovanessian, R. J. Jackson, M. G.
Katze, M. B. Mathews, W. C. Merrick, D.
J. Rowlands, P. Sarnow, R. J. Schneider,
A. J. Shatkin, N. Sonenberg, H. O. Voor-
ma and E. Wimmer.

Lecture Course on the Polymerase
Chain Reaction.
Organized by M. Perucho and E. Martinez-
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Salas. Lectures by D. Gelfand, K. Hayashi,
H. H. Kazazian, E. Martinez-Salas, M. Mc
Clelland, K. B. Mullis, C. Oste, M. Perucho
and J. Sninsky.

Workshop on Yeast Transport and
Energetics.

Organized by A. Rodriguez-Navarro and
R. Lagunas. Lectures by M. R. Chevallier,
A. A. Eddy, Y. Eilam, G. F. Fuhrmann, A.
Goffeau, M. Hofer, A. Kotyk, D. Kuschmitz,
R. Lagunas, C. Ledo, L. A. Okorokov, A.
Pena, J. Ramos, A. Rodriguez-Navarro,
W. A. Scheffers and J. M. Thevelein

Workshop on Adhesion Receptors in
the Immune System.

Organized by T. A. Springer and F. San-
chez-Madrid. Lectures by S. J. Burakoff,
A. L. Corbi-Lopez, C. Figdor, B. Furie, J.
C. Gutiérrez-Ramos, A. Hamann, N. Hogg,
L. Lasky, R. R. Lobb, J. A. Lopez de Cas-
tro, B. Malissen, P. Moingeon, K. Okumu-
ra, J. C. Paulson, F. Sanchez-Madrid, S.
Shaw, T. A. Springer, T. F. Tedder and A.
F. Williams.

Workshop on Innovations on Protea-
ses and their Inhibitors: Fundamental
and Applied Aspects.

Organized by F. X. Avilés. Lectures by T.
L. Blundell, W. Bode, P. Carbonero, R.
W.Carrell, C. S. Craik, T. E. Creighton, E.
W. Davie, L. D. Fricker, H. Fritz, R. Huber,
J. Kenny, H. Neurath, A. Puigserver, C.
A. Ryan, J. J. Sanchez-Serrano, S. Shal-
tiel, R. L. Stevens, K. Suzuki, V. Turk, J.
Vendrell and K. Wuthrich.

Workshop on Role of Glycosyl-Phos-
phatidylinositol in Cell Signalling.
Organized by J. M. Mato and J. Larner.
Lectures by M. V. Chao, R. V. Farese, J.
E. Feliu, G. N. Gaulton, H. U. Haring, C.
Jacquemin, J. Larner, M. G. Low, M. Mar-
tin Lomas, J. M. Mato, E. Rodriguez-
Boulan, G. Romero, G. Rougon, A. R.
Saltiel, P. Stralfors and I. Varela-Nieto.

Workshop on Salt Tolerance in Mi-
croorganisms and Plants: Physiological
and Molecular Aspects.

Organized by R. Serrano and J. A. Pintor-



Toro. Lectures by L. Adler, E. Blumwald,
V. Conejero, W. Epstein, R. F. Gaber, P.
M. Hasegawa, C. F. Higgins, C. J. Lamb,
A. Lauchli, U. Luttge, E. Padan, M. Pagés,
U. Pick, J. A. Pintor-Toro, R. S. Quatrano,
L. Reinhold, A. Rodriguez-Navarro, R.
Serrano and R. G. Wyn Jones.

Crganized by R. Baker and J. M. Delgado-
Carcia. Lectures by C. Acuna, R. Baker,
A. H. Bass, A. Berthoz, A. L. Bianchi, J.
R. Bloedel, W. Burio, R. E. Burke, R. Ca-
miniti, G. Cheron, J. M. Delgado-Garcia,
E. E. Fetz, R. Gallego, S. Grillner, D. Guit-
ton, S. M. Highstein, F. Mora, F. J. Rubia

269 Workshop on Neural Control of Move- Vila, Y. Shinoda, M. Steriade and P. L.
ment in Vertebrates. Strick.
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1 Workshop on What do Nociceptors Tell 5 Workshop on Structure of the Major His-

the Brain?

Organized by C. Belmonte and F. Cervero.
Lectures by C. Belmonte, G. J. Bennet, J.
N. Campbell, F. Cervero, A. W. Duggan, J.
Grllar, H. O. Handwerker, M. Koltzenburg,
R. H. LaMotte, R. A. Meyer, J. Ochoa, E.
R. Perl, H. P. Rang, P. W. Reeh, H. G.
Schaible, R. F. Schmidt, J. Szolcsanyi, E.
Torebjork and W. D. Willis Jr.

Workshop on DNA Structure and Protein
Recognition.

Organized by A. Klug and J. A. Subirana.
Lectures by F. Azorin, D. M. Crothers, R.
E. Dickerson, M. D. Frank-Kamenetskii, C.
W. Hilbers, R. Kaptein, D. Moras, D. Rho-
des, W. Saenger, M. Salas, P. B. Sigler, L.
Kohlstaedt, J. A. Subirana, D. Suck, A. Tra-
vers and J. C. Wang.

Lecture Course on Palaeobiology: Pre-
paring for the Twenty-First Century.
Organized by F. Alvarez and S. Conway
Morris. Lectures by F. Alvarez, S. Conway
Morris, B. Runnegar, A. Seilacher and R.
A. Spicer.

Workshop on The Past and the Future
of Zea Mays.

Organized by B. Burr, L. Herrera-Estrella
and P. Puigdoménech. Lectures by P.
Arruda, J. L. Bennetzen, S. P. Briggs, B.
Burr, J. Doebley, H. K. Dooner, M. Fromm,
G. Gavazzi, C. Gigot, S. Hake, L. Herrera-
Estrella, D. A. Hoisington, J. Kermicle, M.
Motto, T. Nelson, G. Neuhaus, P. Puigdo-
menech, H. Saedler, V. Szabo and A. Viotti.

tocompatibility complex.

Organized by A. Arnaiz-Villena and P. Par-
ham. Lectures by A. Arnaiz-Villena, R. E.
Bontrop, F. M. Brodsky, R. D. Campbell,
E. J. Collins, P. Cresswell, M. Edidin, H.
Erlich, L. Flaherty, F. Garrido, R. Germain,
T. H. Hansen, G. J. Hdmmerling, J. Klein,
J. A. Lopez de Castro, A. McMichael, P.
Parham, P. Stastny, P. Travers and J.
Trowsdale.

Workshop on Behavioural Mechanisms
in Evolutionary Perspective.

Organized by P. Bateson and M. Gomendio.
Lectures by J. R. Alberts, G. W. Barlow,
P. Bateson, T. R. Birkhead, J. Carranza, C.
ten Cate, F. Colmenares, N. B. Davies, R.
|. M. Dunbar, J. A. Endler, M. Gomendio,
T. Guilford, F. Huntingford, A. Kacelnik, J.
Krebs, J. Maynard Smith, A. P. Maller, J.
Moreno, G. A. Parker, T. Redondo, D. I.
Rubenstein, M. J. Ryan, F. Trillmich and J.
C. Windfield.

Workshop on Transcription Initiation in
Prokaryotes.

Organized by M. Salas and L. B. Rothman-
Denes. Lectures by S. Adhya, H. Bujard,
S. Busby, M. J. Chamberlin, R. H. Ebright,
M. Espinosa, E. P. Geiduschek, R. L. Gour-
se, C. A. Gross, S. Kustu, J. Roberts, L. B.
Rothman-Denes, M. Salas, R. Schleif, P.
Stragier and W. C. Suh.



8

10

1

12

13

Workshop on the Diversity of the Immu-
noglobulin Superfamily.

Organized by A. N. Barclay and J. Vives.
Lectures by A. N. Barclay, H. G. Boman, .
D. Campbell, C. Chothia, F. Diaz de Espada,
I. Faye, L. Garcia Alonso, P. R. Kolatkar,
B. Malissen, C. Milstein, R. Paolini, P. Par-
ham, R. J. Poljak, J. V. Ravetch, J. Salzer,
N. E. Simister, J. Trinick, J. Vives, B. Wes-
termark and W. Zimmermann.

Workshop on Control of Gene Expression
in Yeast.

Organized by C. Gancedo and J. M. Gan-
cedo. Lectures by T. G. Cooper, T. F. Do-
nahue, K=D. Entian, J. M. Gancedo, C. P.
Hollenberg, S. Holmberg, W. Horz, M.
Johnston, J. Mellor, F. Messenguy, F. Mo-
reno, B. Pina, A. Sentenac, K. Struhl, G.
Thireos and R. S. Zitomer.
Workshop on Engineering Plants
Against Pests and Pathogens.
Organized by G. Bruening, F. Garcia-Ol-
medo and F. Ponz. Lectures by R. N. Bea-
chy, J. F. Bol, T. Boller, G. Bruening, P.
Carbonero, J. Dangl, R. de Feyter, F. Gar-
cia-Olmedo, L. Herrera-Estrella, V. A. Hil-
der, J. M. Jaynes, F. Meins, F. Ponz, J.
Ryals, J. Schell, J. van Rie, P. Zabel and
M. Zaitlin.

Lecture Course on Conservation and
Use of Genetic Resources.

Organized by N. Jouve and M. Pérez de la
Vega. Lectures by R. P. Adams, R. W. Allard,
T. Benitez, J. I. Cubero, J. T. Esquinas-
Alcéazar, G. Fedak, B. V. Ford-Lloyd, C. Go-
mez-Campo, V. H. Heywood, T. Hodgkin,
L. Navarro, F. Orozco, M. Pérez de la Vega,
C. O. Qualset, J. W. Snape and D. Zohary.

Workshop on Reverse Genetics of Ne-
gative Stranded RNA Viruses.

Organized by G. W. Wertz and J. A. Melero.
Lectures by G. M. Air, L. A. Ball, G. G.
Brownlee, R. Cattaneo, P. Collins, R. W.
Compans, R. M. Elliott, H.-D. Klenk, D. Ko-
lakofsky, J. A. Melero, J. Ortin, P. Palese,
R. F. Pettersson, A. Portela, C. R. Pringle,
J. K. Rose and G. W. Wertz.

Workshop on Approaches to Plant Hor-
mone Action.

Organized by J. Carbonell and R. L. Jones.
Lectures by J. P. Beltran, A. B. Bleecker,
J. Carbonell, R. Fischer, D. Grierson, T.
Guilfoyle, A. Jones, R. L. Jones, M. Koorn-

neef, J. Mundy, M. Pages, R. S. Quatrano,
J. |. Schroeder, A. Spena, D. Van Der
Straeten and M. A. Venis.

14 Workshop on Frontiers of Alzheimer Di-

sease.
Organized by B. Frangione and J. Avila.
Lectures by J. Avila, K. Beyreuther, D. D.
Cunningham, A. Delacourte, B. Frangione,
C. Gajdusek, M. Goedert, Y. Ihara, K. Igbal,
K. S. Kosik, C. Milstein, D. L. Price, A.
Probst, N. K. Robakis, A. D. Roses, S. S.
Sisodia, C. J. Smith, W. G. Turnell and H.
M. Wisniewski.

15 Workshop on Signal Transduction by

Growth Factor Receptors with Tyrosine
Kinase Activity.

Organized by J. M. Mato and A. Ullrich.
Lectures by M. Barbacid, A. Bernstein, J. B.
Bolen, J. Cooper, J. E. Dixon, H. U. Héring,
C.- H. Heldin, H. R. Horvitz, T. Hunter, J.
Martin-Pérez, D. Martin-Zanca, J. M. Mato,
T. Pawson, A. Rodriguez-Tébar, J. Schles-
singer, S. |. Taylor, A. Ullrich, M. D. Water-
field and M. F. White.

16 Workshop on Intra- and Extra-Cellular

Signalling in Hematopoiesis.

Organized by E. Donnall Thomas and A.
Granena. Lectures by M. A. Brach, D. Can-
trell, L. Coulombel, E. Donnall Thomas, M.
Hernandez-Bronchud, T. Hirano, L. H.
Hoefsloot, N. N. Iscove, P. M. Lansdorp,
J. J. Nemunaitis, N. A. Nicola, R. J. O'Rei-
lly, D. Orlic, L. S. Park, R. M. Perimutter, P.
J. Quesenberry, R. D. Schreiber, J. W. Sin-
ger and B. Torok-Storb.

17 Workshop on Cell Recognition During

Neuronal Development.

Organized by C. S. Goodman and F. Jimé-
nez. Lectures by J. Bolz, P. Bovolenta, H.
Fujisawa, C. S. Goodman, M. E. Hatten, E.
Hedgecock, F. Jiménez, H. Keshishian, J.
Y. Kuwada, L. Landmesser, D. D. M. O’Lea-
ry, D. Pulido, J. Raper, L. F. Reichardt, M.
Schachner, M. E. Schwab, C. J. Shatz, M.
Tessier-Lavigne, F. S. Walsh and J. Walter.

18 Workshop on Molecular Mechanisms of

Macrophage Activation.

Organized by C. Nathan and A. Celada.
Lectures by D. O. Adams, M. Aguet, C.
Bogdan, A. Celada, J. R. David, A. Ding,
R. M. Fauve, D. Gemsa, S. Gordon, J. A.
M. Langermans, B. Mach, R. Maki, J. Mauél,
C. Nathan, M. Réllinghoff, F. Sanchez-Ma-
drid, C. Schindler, A. Sher and Q.-w. Xie.
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