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PROGRAMME 

VIRAL EV ASION OF HOST DEFENSE MECHANISMS 

MONDAY, September 20th, 1993 

Registration. 

I. Virus Defense Mechanisms During Acute Infections. 
Chairperson: B.N. Fields. 

B. Moss - Evasion by Poxviruses of Complement Mediated 
Host Defense Mechanisms. 

G.L. Smith - Vaccinia Virus Expresses 3P-Hydroxysteroid 
Dehydrogenase and an Interleukin-1P Receptor. 

G. McFadden - Strategies for Immune Evasion by Poxviruses: 
the Myxoma Model. 

J. F . 
Rodr íguez - African swine Fever Virus Encodes a Protein 

Homologous to the CD2 Adhesion Molecule. 

L. En juanes - strategies to Prevent Mucosal Infections by 
coronaviruses. 

I.M. Kerr 

R.H. 
Silv e r man 

II. Interferon Related Mechanisms. 
Chairperson: P. staeheli. 

- Mutants and Protein Tyrosine Kinases in the Signal 
Transduction Pathways Controlling Interferon
Inducible Gene Expression. 

- Molecular, Cellular, and Viral Studies on 
2-SA-Dependent RNase. 

M.B. Mathews - Neutralization of the Interferon-Induced 
eiF-2 Kinase by Viral Products. 

P.M. Pitha - Opportunistic Infection and cytokines Uprequ
late HIV-1 Replication: Molecular Mechanisms. 
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TUESDAY, September 21st, 1993 

III. Virus Defensa Mechanisms in Persistence and 
Latency. 
Chairperson: E. Domingo. 

E. Domingo - Role of Cell Variation in the Initiation of a 
Persistent Foot-and-Mouth Disease Virus Infection. 

B.N. Fields - Invasion and Use of Non-Specific Host Defenses 
by the Mammalian Reoviruses. 

E. Kieff 

J.J. Skehel 

s. Wain
Hobson 

B.R.G. 
Williams 

M. Esteban 

M.G. Katze 

A.G. 

- Epstein-Barr Virus Latency in B Lymphocytes 
Requires Regulated Interactions with Host 
Defensas. 

- Influenza Virus Infection and its Inhibition 
by Antibodies. 

- Genetic variation Among Human Retroviruses: 
Important or Merely a Reflection of Life style? 

Visit to "Centro Nacional de Biotecnología". 

IV. Roles of the Interferon-Induced Kinase DAI/PKR. 
Chairperson: I.M. Kerr. 

- Viral and Cellular Targets of the Interferon 
Induced, dsRNA Activated, Kinase, PKR. 

- The Interferon-Induced ds-RNA Activated 
Protein Kinase as an Inducer of Apoptosis. 

- Regulation of the Interferon-Induced, ds RNA 
Activated Protein Kinase (PKR) in Virus-Infected 
and Uninfected Cells. 

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

WEDNESDAY, September 22nd, 1993 

L. Gooding 

V. Virus Infection and the Major Histocompatibility 
Complex. 
Chairperson: B.R.G. Williams. 

- Human Adenoviruses Encode Four Unique 
Proteins that Prevent TNF-Mediated Ce l l Death 
and TNF-Induced Activation of PLA2 • 
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R.P. 
Ricciardi 

A. J. 
van der Eb 
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- Adenovirus Proteins that Inhibit and Promote Cell 
Death. 

- The Mechanism by Which Adl2 ElA Mediated 
Repression of Class I synthesis in Transformed 
Cells Contributes to Escape from 
Immunosurveillance. 

- oncogenicity of Adenovirus-Transformed Cells; 
Relationship with Expression of Class I MHC 
Antigens. 

M.S. Horwitz - In Vivo Expression and Function of the Adenovirus 
E3 Genes that Affect Virulence. 

VI. Mx and Other Host Defense Mechanisms. 
Chairperson: B. Moss. 

B. 
Fleckenstein - Generation of Human T-Cell Clones by Using a 

T-Lymphotropic Herpesvirus. 

P. Staeheli - Control of Virus Replication by Mx Pr oteins : 
Inhibition of Vesicular St omatitis Virus in Vitr o 
mRNA Synthesis by Purified Human MxA Protein . 

J. Pavlovic - Inhibition of Influenza Virus RNA Synthesis by 
Mxl Protein. 
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Animal viruses have acquired the ability to multiply in mammalian cells and maintain a 
selectiva advantage over the host, either through lytic or latent stages. Viruses assure 
their muftiplícation by the utilization of multiple strategies. lt is through a corñbination of 
strategies that viruses gain entry into ce lis, 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 Fundadón Juan March. As Bemie Relds put it, this tapie 
has its own right to be a chapter on a virology text book. 

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

1. lnterference with inflammatory responses. This has been best characterized 
In poxviruses. A number of genes have been identified in vaccinia virus: a 38KDa 
proteln, A44L, with homology to human 36-hydroxysteroid dehydrogenase which 
affects infiltration of neutrophils in tissues; a 55KDa protein, B15R, that shares 
homology with the typellll-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 cfinical benefits, as preliminary results by 
McFadden indicate a reduction in artheroma formation when this protein was infused 
in blood vessels. 

2. lnterference with the complement cascade. A well characterized protein of 
35KDa encoded by vaccinia virus gene C21 L was presentad by Moss. This protein 
binas to complement components C4b and C3b and interferes with both the classical 
and alternativa pathways. Poxviruses and herpesvirus might scape the comp!ement
mediated virus neutralization thought interference by the virus complement control 
protein. 

3. lnterference with the action of cytokines. Because cytokines are produced by 
infectad cells, the virus has to counteract theír action. This effect was described at two 
levels: interference 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 tour proteins, the products of the E3A( 14.7, 14.5 and 
10.4 KDa ) and of E1 B ( 19 KDa} regions that are involved in preventing TNF-mediated 
cell destruction (apo'ptosis); the E1A region is necessary to induce cellular sensitivity 
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to TNF ( Gooding, Wold ). Animal sll.Jdies uslng v-accinia recombinants revealed that 
indeed, coexpresslon of adenovirus E3 product(14.7 KDa) and of lNF results in 
increased pathogenicity( Horwitz ). 
Various presentations concemed the signa! transduction pathways In response to JFN 
and the moda of action of the IFN-induced ds-RNA dependent proteln klnase(PKR) 
and of 2-SA-dependent RNase. Gene products with roles In the activatlon pathways by 
IFN-alpha-beta. (tyrosine kinase Tyk2) and by IFN-gamma (tyrosine kinase of the JAK 
famlly) were described (Kerr ). The signa! transduction pathway triggered by IFN is 
being uncovered gradually. PKR has antiviral and tumor repressor function( 
Hovanessian). These vartous effects are likely to be the consequence of inhibition of 
protein synthesis by phosphorylation of initiation factor eiF-2 and by induction of 
apoptosis (Esteban). As shown in vitro,the transcriptional factor IKB ls a target of PKR 
and, this In tum, might release NFkB from the complex and actívate transcñption of 
ceDular genes( Williams ). Adenovirus evades the action of PKR by production of the 
short VA ANA 1 with a central domain responsible for lnhlbition 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 9-27 gene product could be 
responsible for inhibition of HIV repfication( 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 antivíral 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 1 synthesis. Another way to evade lmmune 
surveillance is by preventing presentation ot MHC class 1 antigens at the cell surface 
and avoid killing by cytotoxic T lymphocytes. This process has been well characteñzed 
in the case of adenovirus type 12. Production of E1A protein by Ad12-infected cells 
tums off expressíon of MHC class 1 genes. The enhancer domains( -205 to -159 ) for 
class 1 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. lnteñerence 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 extensiva homology to CD2, an adhesion 
receptor present in the cell membrana of immature thymocytes, mature T cells and 
natural killer cells has been identified in Afiican swine fever virus (Rodriguez). 
Understanding how the virus CD2 homolog interferes with the natural receptor will 
help in the deveiopment of strategies that could control ASFV infection. 

6. lntetference with virus entry. The host uses severa! mechanisms to prevent 
virus entry into cells, like B-celi 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 HA 1 molecule. Recent crystallographíc data 
on fragments of HA indicate dramatic changes in proteín conformation from the 
inactíve state( at neutral pH ) to the active and fusogenic state (acid pH ) of the 
molecule.(Skehel ). Strategies to prevent mucosa! infectíon through expression in the 
milk of neutralizing antibodies might provide the means to control a severe animal 
disease caused by Transmissible gas"úoenteritis virus (Enjuanes). 

7. Genetic diversity. Viruses scape immune surveillance through high rates of 
mutations in viral structural genes during replication cycles. A remarkable example 
was presented for HIV( Wain-Hobson). lt 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 detall analysis of the 
mutations in VP1 during virus persistence in culture has been determined and found to 
be comparable with mutations introducad in natural isolates (Domingo ). 

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

9. Transformation of lymphocytes- Through the process of transforrnation a virus 
can perpetuate its own genetic inforrnation. An example was presented with herpes 
saimiri that transforms primary human T-lymphocytes to permanent cells Iines.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 selectiva advantage since it prevents activation of lytic EBV infection(Kieff). 

1 O. The Mx gene family. The gene products of these family have GTPase activity 
and inhibit the repllcation of several RNA viruses. Studies by Staheli and Paulovic 
have deftned 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 
bfocks initiation and elongation of transcription. 
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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 Diseases, Nationallnstitutes of Health, Bethesda MD, 20892 
USA 

Tite 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 inlubited complement-mediated hemolysis of sensitized sheep 
erythrocytes. Further studies demonstrated that VCP binds to both C4b and 
C3b and serves as a ca-factor with Factor 1 in cleaving these two molecules. 
In addition, VCP inhibited the fonnation 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 severa! steps in both the classical 
and altemative pathways of complement activation. Several approaches ha ve 
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 1 integral membrane protein and is present on the surface of 
extracellular virions. Deletion of the B5R 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 fonn of gp42, that is secrete4 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 secretozy 
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. 
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VACCINIA VIRUS EXPRESSES 3~HYDROXYSTEROID DEHYDROGENASE AND 
AN INTERLEUKIN-lp RECEPTOR. 
Geoffrey L. Smith, Jeffrey B. Moore and Antonio Alcamí. 
Sir William Dunn School of Pathology, University of Oxford, South Parks Road, Oxford 
OX1 3RE, U.K. 

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-1 ~ -

Open reading frame SalF7L (A44L in vaccinia Copenhagen) encodes a 38 kDa protein with 
31% amino acid identity to human 3~-hydroxysteroid dehydrogenase (3~-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 3~-HSD that can convert pregnenolone to 
progesterone in vitro. A virus deletion mutant lacking the gene grows normal) y in cell 
culture but is attenuated in a murine intranasal model compared to the WT virus and a 
revertant virus in which the 3~-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 B15R 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 externa! domain of the type 11 IL-1 
receptor (IL-1 R) . The B 15R protein binds IL-1 ~ 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-1 ~ receptor. Recent data indicate that anirnals infected with strains 
of virus that naturally lack the IL-1 ~ receptor or strains engineered not to express this 
protein, develop fever, whi1e viruses expressing the receptor suppress tlle febrile response. 

Genes related to the vaccinia 3~-HSD and IL-1 ~ 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 poxviruses: the myxoma model 

Grant McFadden 
Department ofBiochemistry 

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 flrst virus pathogen 

discovered for a laboratory animal and was the flrst viral agent ever deliberately introduced into 

the environ.ment for the explicit purpose of pest eradication. Since its release into the Australian 

and European feral rabbit populations more than 4{) years ago, the fleld 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 1eporipoxvirus genus, myxoma shares many of the features associated with 

other poxviruses, namely cytoplasmic 1ocation of replication and a large double stranded DNA 

genome (160 kilobases). Multiple lines of evidence indicate that myxoma encodes multip1e gene 

products where function is to permit the spread and propagation of the virus in a variety of rabbit 

tissues. Sorne 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 ofthe 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) TI, a secreted viral homologue of the cellular interferon-y receptor, that binds and inhibits 

rabbit interferon-y(12). 

(5) Ml1L, a surface receptor-like protein that interferes with the inflammatory response by an 

unknown mechanism (5, 13). 

(6) Unmapped late gene product(s) that disropt cellular class I major histocompatibility complex 

proteins and are believed to interfere with class I mediated antigen presentation (14). 
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It is bighly 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 

pro bes to identify novel elements of the ceilular immune repertoire. 

l. McFadden, G. (1993). Poxviruses: Rabbit, hare, squirrel and swine. Encyclapaedia af 

Viralagy, in press. 

2. Fenner, F. and Ratcliffe, F.N. (1965). Myxomatosis, Cambridge Univ. Press. 

3. Upton, C., Macen, J. andMcFadden, G. (1987). J. Virol. 61:1271-1275. 

4. Opgenorth, A., Strayer, D., Upton, C. and McFadden, G. (1992). Virol. 186:185-191. 

5. Opgenorth, A., Nation, N., Graham, K, and McFadden, G. (1993). Viral . 192:701-708. 

6. Opgenorth, A., Graham, K., Nation, N., Strayer, D. and McFadden, G. (1992). J. Virol. 

66:4720-4731. 

7. Upton, C., Macen, J., Wishart, D. and McFadden, G. (1990). Virol. 179:618-631. 

8. Lomas, D., Evans, D., Upton, C., McFadden, G. and Carrell, R (1993). JBC 268:516-521. 

9. Macen, J. Upton. C., Nation, N. and McFadden, G. (1993). Viro!. 195:348-363. 

10. Smith, C.A., Davis, T., Wignall, J., Din, W., Farrah, T., Upton, C., McFadden, G. and 
Goodwin, R (1991). BBRC 176:335-342. 

11. Upton, C., Macen, J., Schreiber, M. and McFadden, G. (1991). Viral. 184:370-382. 

12. Upton, C., Mossman, K andMcFadden, G. (1992). Science 258:1369-1372. 

13. Graham, K., Opgenorth, A., Upton, C. and McFadden, G. (1992). Virall91:ll2-l24. 

14. Boshk.ov, L., Macen, J. and McFadden, G. (1992) J. /mm. 148:881-887. 

Instituto Juan March (Madrid)



24 

AFRICAN SWINE FEVER VIRUS ENCODES A PROTEIN HOMOLOGOUS 

TO THE CDl ADHESION MOLECULE. 

J. F. RODRIGUEZ, J.M., RODRIGUEZ, R., YAÑEZ, F., ALMAZAN, ANO E. 

VIÑUELA. 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 unauenuated ASFV strains leads to an accute disease with a very high mortality rate, in its 

natural swine host, the warthog (Phacochoerus aechiopicus), 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 persisten! 

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 ro idemify ASFV genes that might be 

involved in such mechanisms, we have analyzed the complete nucleotide sequence of the 

genome of BA 71 V, 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 membrdne of immature 

thymocytes, mature T ce lis, 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 Iineages 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/CD59 interaction is thought to be involved in T cell 

adhesion and activation. (6). The CD2/CD58 interaction plays an imponant role in T cell 

activation and natural killer ce U 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 

erythrocyres (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 

hemadsorpúon 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 LNFECTIONS BY CORONA
VIRUSES 

Luis Er¡juanes. María L. Ballesteroo. Ana Méndez. Isabel Sola, and Joaquín Castilla. 
Centro Nacional de Biotecnología. CSIC. Campus Universidad Autónoma. Canto 
Blanco. 28049Madrid. SPAlN 

TI.ailSmissible gastroenteritis virus (fGEV) and related coronaviruses infect 
enteric and respirarory mucosal areas, even in the presence of circulating antibody of 
high titer. In addition, animals are infected at birth, when thcir immune system is 
umnature, producing high mortality Iates. At this time protection can only be provided 
by immune mothers through lactation. New strategies to provide passive protection to 
newbom animals against these coronaviruses have to be developed. The antigenic 
structure of TGEV has been defmed. 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 the com:lation with its physical strocture has been defmed 
(1). Highly conserved antigenic sites in.volved in the índuction of TGEV neutralizíng 
antibodies ha ve been identificd . .Using this infonnation, two approaches are being·used 
to protect against TGEV: :antigen·presentation in gut associated ·lymphoid' tissues 
(GALT) to induce muoosal immunity and development of transgenicanimals-secréting 
virus neutralizing monoclonal antibodies (MAbs). Two vectors with tropism for GALT 
are being used, one prokaiyotic (Salmonella ryphimuriion) and another one eukaryotic 
(human adenovírus 5) (2). In addition, the use of coronaviroses as vectors is proposed. 

Coronavíruses which canse no apparent disease have been isolated and oould be 
used to develop vectors to induce mucosa! 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 partic!es {DI) were selected by passage of TGEV at high moi. 
Northem blot aualysis indicated that these DI genomes have both the 5' and 3'-end of 
wt virus, but not the genes coding for the structwal proteins of the virion. The genome 
(12 kb) of one of these DI viruses is encapsida!ed and has been cloned. In order to 
construct vectors which deliver the antigen to the enteric or rcspiratory track, the 
molecular basis of TGEV tropism were studied. .AJ1 epidemiological tree has been 
proposed for TGEV. Tbe virus has evolved by accumulation of point mutations. In 
addition, the introduction of a deletion in the 5'-end of the spike gene yielded the 
porcine respiratory ooronaviruses (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 migbr be involved in the tropism of these viroses 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 Iost of enteric. tropism. These recombinants 
have the half 5'-end from the entcric 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 oontrolled by 
sequen ces 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 
protcction. 

Transgenic swine secreting TGEV neutralizíng monoclonal antibodies (MAb) in 
the milk during Iactation are being constructed. Immunoglobulin gene fragm.ents coding 
for the VH and· VL modules of a TGEV neutralizing MAb have been cloned and 
sequenced. Chimeric immunoglobolin genes with the variable module from the MAb 
and a conserved module of human origin (gamma 1) were constructcd. The chimeric 
immunoglobulin genes were initially cloned into piNG plasmids, unde.r the control of 
an immunoglobulin enhancer, and SV -40 promoter and polyadenyiation coding 
sequences. These plasmids have been used to express the chimeñc immunoglobulins in Instituto Juan March (Madrid)
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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 steroíd hormones which promote tissue specific 
expression in the mammacy 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-induclble gene expression 

lanMKerr 

Imperial cancer Research Fund, London WC2A 3PX, England. 

IFN-inducible genes have been isolated and characterised. They have 
in their S'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 
doned and characterised. The Type 1 (<X~) and II (1) IFNs interact with 
d.istinct 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-indudble 
promoters driving drug-selectable or cell-surface markers have been used to 
obtain and complement mutants in the IFN-a~ and IFN-y signal 
transduction pathways. To date recessive mutants in a nurnber 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;~ 
and JAK2 in the IFN..-ypathways, respectively. JAKl 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 signa! 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 k.inases in the IFN 
response pathways and a central role for transcription factor p91 in both the 
IFN-et~ and the IFN..-y responses. In more general terms the model currently 
emerging is of IFN-a~ or ""( membrane receptor complexes involving, in 
addition to the trans-membrane receptors, the d.ifferent combinations of JAK 
k.inases which interact to activate, in response to the d.ifferent IFNs, unique 
and common transcription factors which, on release from the membrane and 
migration to the nucleus, actívate 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, ANO VIRAL STUDIES ON 2-5A-DEPENDENT 
RNase 
Robert H. Silyermanl, Avudaiappan Maranl, Bret A. Hassell, Aimio Zhoul, 

Beihua Dongl, Ratan K. Maitral, Krystyna Lesiak2, W. Xiao3, and Paul F. 
Torrence3 
lDepartment of Caocer Biology, Cleveland Clioic Foundation, Clevelaod, 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., Natiooal Institutes of Health, Bethesda, MD 20892, U.S.A. 

2-5A-dependent RNase is a uoiquely-regulated eozyme that fuoctioos in 
the response of cells to interferon treatment and virus infectioos. Recently we 
reported the molecular clooing of the human and murine forros of 2-5A
dependent RNase (Zhou et al'., Cell 72, 753, 1993). Mutagenesis studies and 

sequence analysis of 2-5A:-dependent RNase:.revealed an intriguiog structure. 
The amino terminal half ofthe RNase contains oioe ankyrio-repeats implicated 
in mediating protein-protein interactions. The 2-5A binding domain· was 
localized by site-directed mutagenesis to a duplicated phosphate-bioding loop 
motif present in the seveoth aod eighth ankyrin repeats. On the carboxy terminal 
side of the ankyrio repeats is ao 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 forro of the enzyme was 
expressed in insect cells from a baculovirus vector. The purified, recombinant 
RNase has potent and highly specific, 2-5A-dependent RNase activity. To study 
the biological role of 2-5A-dependent RNase, a truncated forro 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 truocated 
RNase fuoctioned as a domioant negative mutant suppressing endogenous 2-5A
dependent RNase activity and greatly reducing the anti-encephalomyocarditis 
virus and anti-proliferative activities of interferon aJp. 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

coupledPCR 
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Neutralization of the lnterferon-lnduced eiF-2 Kinase by Viral 

Products 

Michael B. Mathews 
Cold Spring Harbar Laboratory, P.O. Box 100, Cold Spring Harbar, NY 11724, 
USA 

The protein kinase DAI (also known as P1, p68, PK-ds, PKR, etc.) is 
induced by interferon and activated by double-stranded RNA (dsRNA), 
presumably of viral ong1n . Activation is accompanied by auto
phosphorylation and leads to the phosphorylation of protein synthesis 
initiation factor eiF-2, the entrapment of a recycling factor (GEF or eiF-28), 
and the consequent blockade of translation. Activation requires the 
interaction of two motifs in the N-terminus of DAI 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 DAI accumulation, activation , or activity . 
Among the best-studied of these counteracting products are the adenovirus 
VA RNAs. As exemplified by Ad2 VA RNA1, 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. lnstead 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 RNAu. that is produced by severa! adenovirus serotypes is 

only weakly effective against DAI. lts sequence conservation suggests that 
it may play a different role in the viral infectious cycle . 
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Opportunistic infection and cytokines upregulate HIV-1 
replication; molecular mechanisms. 

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

Transcription of HIV-1 provirus is regulat.ad by tt virus 
encoded RNA binding protein Tat as wall a~ hy cell ul ar factors that 
interact with the enhancer nnd promoter regions of the HIV-1 LTR. 
Since the tat defe~tive mutant. 1 s transcriptionaly 1nactive Tat 
mediated trani'activatf.on represents .a 11m1t1ng step in HIV-1 
repl icat.ion . Tat: t.ransacti vation requ1 res the interaction l>P.tween 
Tat. and cellul é.H' factors bindíng to the NFkB and Sp-1 bindíng si tes 
a~ wall asto the TATA box in the HlV - 1 promot.er regíon.Wh1le 1n 
acute 1.nfeeti.on, Tat is the major: transcriptionnl activator, t.he 
act:1vation of HIV-LTR and . the latent HIV-1 proviru~ hy d1fferent. 
extracellular stimuli . such . .. as .. cytokina~ and HSV-l is -associated 
with the enhancement _of. . binding of NFkB specific proteins. 

Our goal in tha preRant study was to determine whether 
Tat mediated trnn~activation ts the irreplaceable bottle neck in 
the HIV-1 replication cycle or whether the virus dEwRlop~ an 
al t.ernat.ive pathway allowing i t to replicate in tha ahso·anca of Tat. 
or other. accessory ce.llular proteins. Sinca both H!iV-1 and TNFa 
can effectively upregulate transcription of HIV-1 proviru~; in 
vi t. ro, we examíned whether· such trans;a~ti vat:or.s can functj on in the 
absence of Tat protein and what.her TNFa and HSV-1 are able to 
support replication of the Tat defective HIV-1 provirus. 

Previously we havR sohown(l)that TN~a mediated upregulation 
of HlV-1 expnlsosoion in T cells is associated with the induct1on of 
p~O,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 celh• that contain 
jntegrated Tat defect1ve HIV-1 provirus, axprR~SlAd only at very low 
leve1s,TNFa treatment s1gnificant1y incran~Rd relativA leve1B of 
HIV-1 transcripts and HIV- 1 specific proteins. In or·der to 
determine the molecular mechanism of TNF mediated enhancement of 
HIV-1 expression, we comparAd t .ha rat . ~ of HIV transcription in Tat 
transfected nnd TNFa indncRd CEM R7 cells.While Tat increased the 
ini tiat.ion of transcripti or1 a.nd el iminated the polar1 ty of 
t.ransocript.ion, TNFa more .effec.ti vely enhanced the transcription of 
the gag region then the env region.Thus, the mechanisms by which 
Tat and TNFa transactivate the transcription of t.hA HIV-1 prnviru¡;¡ 
are not 1dent1cal.However, in spitA of t.hil'l d1ffRrence, TNFa waB 
able to induce 1nfectious, Tnt defact.ive provi rus and 8\tppor·t . 1 ts 
r;eplication and spraad t:hrough the C\tltm--e.'J'his data indicates that 
HIV-1 developed a mechanh;m which pArm1 tted the v1 rus to r.epl i cate 
even in the absence of viru~ ancoded Tat.. (/.) This <~lterna . tive 

pathway is, howevar, much lRRI'I eff1c1ent than 'rat. mediated 
transactivation. 

The act1vat1on of HIV-1 provirus by HSV-1 infection 
Ruggested an extstence of another interesting mechanism which is 
able to fac111 tate the 'J'at t .ransactivation. We have previously 
shown( 3) that both HSV-1 encoded and 1nduced proteins part1c1pate 
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in the HSV-1 mediated transar:t1vati.on of HIV-1 provirus. HSV-1 
infection in T cells induces binding of two Nl'kB specific 
protaim; ( p50 and e :r:el ) t .o the enhancer x·egion as wa11 as 50 ·kDa 
protein (HLP-l)that binds to the LBP-1 ~itR~ in HIV
LTR.Furt.harmore, two HSV-1 encoded "immedinte Rarly" prote1.ns 
contribute to the transactivation of HIV LTR (4). One (TAR 150) 
h1 nos t .o the. TAR region of HIV-L'l'R DNA and may hR rel ateo t:o the 
HSV-1 encode.d transacti vator ICP4. Howevar, 1 ts rol e in the 
transacti vation of HIV-L'l'R is unc1Rar, as na1 ther overexpression nor 
deletion of the 'l'AR DNA rRgion affects the expression of HIV-LTR. 
In contrast, thA overexpress1on of HSV-1 encoded transactivator ICP 

O vAry effic1 ently stimu1ates HIV-LTR and shows a high 
coopRrat1v1ty with Tat .This coopetative effect i11ustrntRs two 
tnteresting feature.s. First transactivation is indRpAndAnt. of the 
presence of NFkB and Sp-1 si tes rRqui n~d for t. he Tat 

tr·ansactivation in the absence of IC:P O, and sacond ICP O can 
activate mutated HIV-LTR . which -doAR not conta1n the TAR binding 

re.gion.Thus, lCl' O can recruit Tat to the vicinity of the 
transcr1pt1on ini tiation . complRx, a~:< well as, substi tute. for the. 
transact1vators hinding to the enhancer regían of HIV LTR 
normally rP.quired for the efficient transactivation by Tat.These 
rasults suggest that infection w1th herpes virusa~ may facilitat~ 
transcription of TAR defective HIV mut . ant.~. Waat.her 1t abla to 

support full virus replication remains to be eeen. 
In sultlltlary this data incHcat~lil that both cyt.okines and 

heterologous viral infection can not only upregulate expression of 
'HIV- 1 provirus but als:.o fac111tate expression of HIV-1 proviruse.s 
that show a dRfRr.t. in t .hR tat transactivation mechanism. 

'l'at me<liated transactivation not only enhances 
signi f icant.ly HIV-1 repl ication but al so evades the ant1 viral 
P.ffect induced by the interferon system.We have 1:1hown (6,7) that 
during a single. replication cycle, interfaron RffAr.tivA1y inhihit~ 
HIV-1 replication by blocking thA rRV~rRR t.ranscription ano 
formation of the proviru~.In c.ontrast., no 81gnifjcant inhibition of 
HIV-1 rep1icat ion hy int.P.rferon was observed after comp1 etion of 
proviral synthesis and integration into the cellular 
genome.Similar1y, in calls tranefe.cted with proviral DNA the 
re1ativP. lP.VP.lR of HJV-1 RNAs, proteins, or their processing, were 
i<'l.P.nt.1r.a.l 1n th~ presence and <:1.bsence of 1nterferon. Interferon, 
however, induced in these cells the t!Xpression of several 

.i nterferon responsive. genes 1nclud1ng the 9-27 gene, which encodes 
a RNA binding protein. Overaxpre~~ion of q-27 prot.ein inhibits 
HIV-1 replication. Int.RrRRt1ngly, JFN treatment stgn1f1 cantly 

reducRd thA HIV-1 mRNA leve] s encode.d only by the Tat defect i ve 
HIV-1 provirus but not by the wt HIV-l.This inhibition cou1d be 

ovarcome by transfection with the Tat and Rev expressing 
plasmids.OvRraxpra~si.on of ;;.not.her JFN induced protein 2,5 OAS 
which ar.t.ivataR RNAaae L d1d not i.nhibit nrv-1 expression even in 
thR ahsRnca of funct1ona.l Tat protein. These resu1 ts suggest that 
IFN me<J1 atad 1 nhi bi tion of HIV-1 expression, seen in the. absence of 
Tat, is mediated by the 9-27 protein. The mecbanism by whicb Tat 
enab1es HIV-1 to evade the IFN effcct x·emains elusive. It may 
simply provide high levels of rev protein that c<m compete 
effectively with 9-27 for binding to the Rav responsive element 
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,or, as suggested by other~,hinding of Tat to the TAR element may 
int.ArfArA wit.h t.he 1nduct1.on of the other antiviral mechanisms s1,1ch 
nR 2,5 OAS or. PKR pathways. Thu6, the HIV-1 encoded regulatory 
protefns Tat and Rev not only allow HIV-1 to replicate efficiAnt.ly, 
but may also renders it insensitive to antiviral mechanisms 
induced by IFN. 

l.Vlach J. and Pitha P.M. Vii'Oloyy 187:63,1992 
2.Popik W. and Pitha P.M. J.Virol.67:1094,1993 
3.Vlach J. and Pitha P.M. J.Viro1.66:3616,1992 
4.Vlach J. and Pitha P.M. J.V1rol.67:4427,1993 
S.Shirazi Y.and Pitha P.M.J.Virol.66:132l,l992 
6.Sh1t·az1 Y.and Pitha P.M.Virology 193:303,1993 
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Role of cell variation in the initiation of a persistent foot-and-mouth disease 

viros infection 

E. Domingo, A. M. Martín-Hernández, E. C. Carrillo and N. Sevilla 

Centro de Biología Molecular "Severo Ochoa" Universidad Autónoma 

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 (~, 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 (Martín Hemández et al., submitted for 

publication). 
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Invasion and U se of Non-Specific Host Defenses by the Mammalian Reoviruses 

Bemard N. Fields, Harvard Medica! School, Boston, Massachusetts 

The first host defenses that regulate the initiation of viral infection are nonspecific and occur 

shonly 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 in active form to an activated form, and toen ter cells 

for primary replication, the cells being macrophages. In this talk 1 will frrst discuss the mammalian 

reoviruses and then illustrate how the three forms ofreoviruses 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 reasson genome segments between different isolates of virus following mixed 

infection in cell culture. These reassoned virions ha ve allowed us to identify the role of various 

gene products in their interaction with hosts and cells. Of panicular note are three specific gene 

products that are located in the outer capsid shell. 

l . One gene is the S 1, encoding the crl 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 cr3 protein which is a zinc containing protein that 

sits on the outer shell of the virion and plays a critica! role in stabilizing the virion in its 

intact form. 

3. The third gene is M2, encoding the ¡d protein. This protein undergoes cleavages 

during its activation steps and plays a critica! 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 toa second form 

termed the infectious subviral panicle (ISVP) and ultirnately toa 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 crl to extend, and to 

expose an active form of the J.1l 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 ha ve allowed us to 

examine at moderate resolution (27 to 32 Á) features of the three structural forms of reovirus. The 

three particle forms thus provide "snapshot" views of the virus at di serete 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 Á 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 pan, this stability is mediated by tight a3/¡.d, A2/a3, and A.2/¡.tl interactions in the 

outer capsid. In addition, the core shell is dense! y packed. Following exposure to proteases in the 

small intestine, ISVPs are generated that are approximately 800 Á diameter. This transition 

involves the release of 600 a3 subunits anda striking change in the vertex associated viral 

hemagglutinin . Particular! y noteworthy in the image reconstructions are the organization of the ¡.ti 

and its cleaved products on the sur[ace 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 Á 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 al fibers and ¡.ti 

subunits (arranged as 200 trimers). The surface of the core displays 150 nodules that merge with a 

solid shell centered ata radius of about 275 Á. In the virion and ISVP, flower shaped pentamers 

of A2 are centered at the vertices. In the ISVP to core transition domains of the A.2 subunits rotate 

upward and outward to form structures extending from radii 305-400 Á with an outer diameter of 

140 Á anda central channel 84 Á 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 ¡.ti 

protein. The ¡.ti protein encoded by the M2 gene segment has a molecular mass of approximately 

76.3 kilodalton. A potential myristoylation sequence at the amino termi nus allowed us to show 

that the ¡.ti 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 ¡.¡IN. During the conversion of virions to ISVP 

proteolytic cleavage takes place in the ¡.ti product near the carboxy-terminal end. This cleavage 

yields a 13 kilodalton carboxyl terminal fragment named cp. 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 sequen ces in the cp portion of the cleaved ¡d protein may 

participate in the unique functions attributed to ISVP, mainly membrane interaction. In particular 

the o-cp cleavage junction is predicted to be flanked by a pair of long amphipathic a-helices. These 

together with the myristoyl group of the extreme arruno terminus of the ¡.ti protein are proposed to 

interact directly with the lipid bilayer of a cell membrane during penetration by mamrnalian 
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To demonstrate that the J.Ll product is in volved 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 forrn causes membrane leakage. 

Genetic analysis allowed us to show that the M2 gene is linked to this property. A second assay 

in volved 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 tbese 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 J.d 

protein. 

References 

l. Nibert ML, Furlong DB, Fields BN. Distinct forms of reoviruses and their roles during 
replication in cells and host. 1 Clin lnvest. 1991; 88:727-734. 

2. Dryden KA, Wang G, Yeager M, Nibert ML, Coombs KM, Furlong DB, Fields BN, Baker 
TS. Structures of reovirus and subviral particles: Identification of capsid protein and 
dramatic conformational changes in a 1 and A2 related to early infection. 1 Cell Biol. 1993; 
122:1023-1041 . 

3 . Tosteson MT, Nibert ML, Fields BN. Ion channels induced in lipid bilayers by subvirion 
particles of the nonenveloped mammalian reoviruses. Proc Natl Acad Sci. 1993, in press. 

4. Nibert ML, Schiff LA, Fields BN. Mammalian reoviruses contain a myristoylated structural 
protein. 1 Viro!. 1991; 65: 1960-1967. 

5. Nibert NL, Fields BN. A carboxy-terminal fragment of protein ¡J.l/¡J..lc is present in infectious 
subvirion particles of mammalian reoviruses and is proposed to have a role in penetration. 1 
Viro!. 1992; 66:6408-6418. 

Instituto Juan March (Madrid)



43 

Epstein-Barr virus latency in B lympboctes requires regulated 
interactions witb bost 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. Severa! EBNAs and LMP1 are 
critica! for the perpetuation of EBV episomes, for cell proliferation 
or for survival of the latently infected cells. Others appear to be 
non critica1 for any aspect of latent or lytic infection, in vitro, 
but must be critica! 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 signa! 
transduction following sig, CD19 or c1ass 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, Il10 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. 
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Influanaa •lrua lnfae~ion and ite inhlbition b7 antlbodlaa 

Skahal, J.J,w, BullOUJh, P.A.~ · . Huahaon, I'.M.+, St:clnhauar, D.•, 
Wharton, S.w and Viloy, D.C.+ 

• Nat:lonal Inat:ltuta for Madlcal Raaaarch 
The Ridsev~y, Mfll IU 11 , T.nnctnn mn .1 AA, TJK 

+ Department of Blochemlat:ry & Molecular Blology 
Harvard Unlverslty, 7 Dlvlnlty Avenue, Oambrldgc, Masa. 02138, USA 

The flrat: at:epa ln lnfluenaa vl~u• lnfectlon, receptor recosnltlon and 
vlrua membrana-call membrana fualon ara madlated by the haemagglutinln (HA) 
glycoprotain. Antibodlca vhlch bind to the membrana distal region of the 
haemagglutinln nautrali&e virus infectivity. The sites at whlch they 
interact are known from alectron mlcroscopy of HA-antibody complexea and X
ray cryatallography of variant HAs to correspond to the loeatlona of amino 
acid cubatltutlona ln the KAs of tha antigenic mutanta whlch they aeleet . 
Theaa antibodiea block receptor-HA lnteraetlona and more rarely prevent the 
atruetural changea ln HA requlred for membrana fusion. The receptora for 
HAs are sialic acid reaiduea of cell aurface glyconjugates. Identification 
of the receptor bindln¡ altea and detalla of the interactlon of aialic acld 
aubatituenta vith conservad amino aclda ln the altea have been daduced from 
atudiea of HA-receptor analogue complexas (Sauter et al 1992). The surface 
area of the bindln¡ altea and their locatlon are consistent with the 
inhlbltlon of blndin¡ by lnfectivity neutrall&lng antibodiea. Membrane 
fualon mediated by HA la induced at endoaomal pH and 1nvolves struetural 
reorganl~ation of the molecule. !vldenee has been obtalned that this 
reorganlzatlon la required for membrana fualon activity (Godley et al 1992) 
and the recently determined atructure of a fragment of the HA in ita 
fusion-pH conformatlon ahova the extensiva natura of the atruetural 
chan¡aa. 

Godley, L., Pfeifer, .J., Stelnhauer, D., l!:ly, B. , Shav G., Kaufmann, R., 
Suchanek, 1!:., Pobo, C., Skehel, J.J.' Wiley, D. C. and Wharton, S. Cell, 
1992, 68, ''~-64~ . Introduetlon ot 1ntersubunlt dlaulflde bonds in the 
meabrane-dlatal ra¡lon of the influenza haemagglutinin abollabas membrana 
fuaion activity. 

&alter, R.X., Kanaon, J.!., Cllck G.D., lrown, J.H . , Crowther, R.L., Park, 
S-J., Skehel, J.J. and Wlley, D.C. Biochemiatry, 1992, 11. 9609-9621. 
Blndlng of influen1a virua hameagglutinln to analo¡s if ita cell-surface 
receptor, •~alic acid: anal7aia b7 proton nuelear masnetle reaonance 
apactroacoP7 and X-ray cryatallo¡raphy. 
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Genetic variation mnong human rctroviruscs: 
important or mcrcly a refleclion of Jife style? 

Simon Wi'lin-Hobson, Rómi Chcynier, Eric PeJicticr and Eric Waltel 
Unil6 d(! R(!lrovirologie Moléculairc 

Jn¡;(itut Paslem~ París 

Thc human immunodcficiency viruses (HJV) and human T-cell lcukcmin viruses 
(HTLV) infccl predominantly CD4 cclls in vivo. The formcr is charactcrizcd by 
unparalled genetic and antigenic varialion, so much t>O théll i'ln infcclcd individual 
may harbour betwccn JQ6.JQH1 variants éll any eme time, dept>nding upon the 
discat>c slage. The lattcr is cslimated lo divergt> on a time scnle of dccad(•S to 
ccntmics. 

lllV is a perpetua! mulntion machim• wlwrcby variélnts nrc a rcmorst•less 
consequence of unprccedented numhers of rcplicalion cycles. This is almost 
certainly due to thc fact lhat thc virus can intc•grate and lay dornwnt thuf: escnping 
immunc surveillancc. At> will bt> dcmonstrntecl therc is litllt! or no cvidcnce in 
favour of strong positivc or Darwiniéln s<•IC'clion acting on HlV or the relnted 
siminn immunodcficicncy viru¡;c~, SJV. In vivo analyses of J-llV and T-cclls would 
~>uggesl thnt HIV production rc¡;ult~ from cdlular activation by antigcn. Thus a 
particulnr variant would be "sdcctcd" ovt•r and above fellow kin by chance rathcr 
!han for rcasmu; of fitncss. Thc bol Iom linc rcm ains repli\atíon competnncc. For 
::1 1ft, Vélriation in si tu to occur, possihlc in as littlc as J 4 month¡;, nt leas! ;¡oo rounds 
of replication mus! occur. Ev(•n if thc hurst sizc was 2 this would lcad to more 
virus than atoms in tlw univcrse. Cons<•qucntly while milssive rcplication rnay 
occur massivc ckslruction of infccled n ~ ll s mus\ occur in order lo limit the viral 
load lo -JQC..JülO. Jn fact thc awragc burst si1e cnn be calculatcd lo be - 0.01-0.05lwr 
cyclc. Yct massive and continuéll CD1 d C"s \ru ction would kad lo immunc ddiency? 

By contrst HTLV-1 rcplicntcs lo vcry low titrcf> in comparison to lllV. By a PCR 
analysis of the intcgration sites from asymplomntic cnrricrs and thosc prcscnting 
with tropical spastic pélrapilresis it ha s lw<'n possibk lo shov,• that llTLV 
prefercntit~lly rcplicntcs by milosi& rcsulting in oligodonal cxpansion of bclwccn 5-
25 cdlular clones. Thus rcvcrt>c lrélJtsrription is limill!d due lo thc positive effecl of 
lhe tax protcin on cell prolifcration . 

Thc differcnces perhaps lic in the relative gcnctic orgnni;.-.ntion of the lwo viruscs . 
For lllV /SlV the powcrful trnnsniption élmplifier, tal, is product•d from rcv 
(rcgulator of viral gene exprcssion) indc•p<!ndcnl and depcnclcnt lrélnscripts 
meaning thal replication lacks negativc feedback. foor HTI ,V, tax (the trnnscription 
amplifier) and rcx (rcgulator of viral gene expression) are dcrived from thc samc 
mRNA. Hc~ncc r<•x cxcrts a negalivc dfcct on HTLV rcplication. Furthermorc tax is 
dilutcd by it cffects on spccific ccllulélr gt' JH'S . 

Thut> thc two extremes in tcnns of retroviral gcnctic variation rcflccl diffcrent 
strategks in rcplication and, hchind this, genonw organization . 
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Viral and cellular targets of the interferon induced, dsRNA actlvated, kinase, PKR. 

Nigel AJ. McMillan 1, Aseem Kumar 1, Ara G. Hovanessian2, J ulian Galabru2. and Bzyan R.G 
WjJJiwsL 

l~cnt of canccr Biology, Clevcland Oinic Foundation, Oeveland Ohio 44195 U.S.A. 2-Unit 
ofV~rology and Cellular Immunology, lnstitut Pasteur, París, France. 

The interferon (IFN)-induced protcin kinase of Mr 68,000 (PKR) has been shown to spccifically 
pbosphorylate the inititation factor c1F-2cx in vitro wbcn activated by double-strandcd RNA. This 
kinaSe mediates in pan the antiviral activities of interferons and as consequently different viruscs bave 
devised mcans of inhibiting the ldnasc. We have cloned and characterized both human and mousc 
intcrfcron regulatcd PKR cDNAs (1-3) and expressed these in mammalian cells, the budding yeast 
Sllccaharomyces cuevlsciae, andE. coiL Exprcssion in-yeast rcsults in a slow growth pbenotype and 
has allowod us the opportunity to exploit this to identify potencial substrates orinhibitors·of the kinase. 
The human immunodeficiency virus (FUV) Tat (1-72 arruno acid) protein is one such intúbitor we havc 
idcntifiod using the yeast expression assay. Tbe inhibition by Tat 72 is the result of a direct interaction 
bctwcen Tat 72 and PKR. Tat inhibited autophospborylation and phosphorylation of exogenous 
substtates by PKR. Both Tat protein binding and the Tat-mediated inhibition of PKR activation were 
reverscd by the addition of eiF-2a. lntcrestingly, the 86 amino acid vcrsion of Tat, which is produced 
carly in HIV infection, had no effect on ldnasc activity in vitro or in vivo. These rcsults suggest mv 
is capable of directly targeting PKR for intúbition late in infection thus providing a mecbanism by 
wtúch HIV could escape the action of IFN. 

Wben PKR is used as a matrix in affinity chromatograpy experiments, a number of proteins bind 
suggesting there cxists differcnt substrates for PKR in the cell. One of these substrates is IICB, the 
cytOplasmic iohibitor of the tranSCription factor, NFdl. PKR is able to phosphorylate purified IkB in 
vltro and ~gulate NFIC8 activity through Id3 phospborylation in cell extrclcts. In cells transfected with 
a mutant (lys296.arg) PKR, dsRNA induction of a JCB-dependent promoter construct is blocked 
suggesting dsRNA is able to induce gene expression through PKR. These data suppon a role for 
PKR in ~gulating transcription of NFICB dependent promoters which include the IFN-~ gene and the 
InVLTR. 
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THE INTERFERON-INDUCED ds-RNA ACTIVA TED PROTEIN KINASE AS AN 
INDUCER OF APOPTOSIS. Mariano Esteban, Centro Nacíonal de Biotecnología, 
Campus Universidad Autónoma, Cantoblanco, Madrid, Spain. 

Apoptosis, a process of programmed ce!! death, ís 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 iderrtified with roles in 
apoptosis . Since interferons (IFN) exert antivirál, antitumor and 
immunomodulatory functions and some of these effects occur toghether with ce U 
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 
acijvated 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 : b~Hegulated by the lacl repressor/operator ::ontrolling 
elements. Vaccinia virus was used as a vector for the expression of p68 kinase in 
cultured cefl. In this virus-cell system, p68 is autoregulated and is activated with 
time, most líkely by ds-RNA produced as a resuft of virus infection. By 24 hpi, both 
viral and cellular protein synthesis ceases and celfs died with apoptotic-Iiké 
characteñstics. Cefl death was not observed in cells which expressed a mutant 
fonn(lys296-arg) indicating that cell death observed is the result of p68 kinase 
expression and activation. We propase that human p68 kinase fuctions as a tumor
supressor gene by actively participating in apoptosis. 

1. Wyllie, A.H et al (1980 ). !nt Rev. Cytol. 68, 251-306. 

2. Wi!Iiams, G.T ( 1991 ). Cell65, 1097-1098. 

3. Shaw, P et al ( 1992 ). Proc. Natl. Acad. Sci. 89, 4495-4499 

4. De Mayer, E. M and De Mayer-Guignard, J (1988 ). lnterferons and Other 
Regulatory Cytokines ( Wiley- lnterscience, New York). 

5. Chong, K.L ei al ( 1992 ). EMBO J. 11, 1553-1562. 

6. Koromílas, A.E et al ( 1992 ). Science 257, 1685-1689. 

7. Meurs, E.F et al ( 1993 ). Proc. Natl. Acad. Sci. USA 90, 232-236. 

8. Meurs, E.F et al ( 1992 ). J. Vi rol. 66, 5805-5814. 
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REGULATION OFTHE INTERFERON-INDUCED, OS RNAACTIVATEO PROTEIN KINASE 
(PKR) IN VIRUS·INFECTEO ANO UNINFECTED CELLS 
Mlchael G, Katze, Tae Gyu Lee, Míchele Garfinkel, Tracy Black, Glen N. Barbar, oe·partment of 
Microblology, Unlversity of Washington, Seattle, WA 98195, USA. 

The PKR protein kinase is one of greater than 30 genes lnduced by lnterferon and is one of two 
interferon lnduced gene products ectivated by dsRNA. As a result of actlvation by dsRNA. PKR, 
a serinejthreonine klnase, undergoes eutophosphorylation and catalyzes the phosphorylatlon 
of the alpha subunlt of proteln synthesls eukaryotic initiation factor 2 (eiF-2). These events can 
lead to limitations in functional eiF-2 and thus to dramatic decreases in protein synthetic rates 
inside the ceil. Recentiy we directly demonstrated that PKR can re~ulate translation In vivo and 
that PKR actíon is effected by mutations In elther the klnase catalytiC or N-terminal regulatory 
domains. The majority of our work, however, has focused on the mechanlsms which vlruses 
have evolved to avoid the negativa effects of PKR on virus replication. Examples to be 
dis~~ssed include Influenza virus whlch downregulates PKR by a<?tivatíng e ceilular PKR 
lnh1bltor termed P58, basad on lts Mr of 58,000. The gene encod1ng P58 has now been clonad, 
sequenced, and expressed as a functlonal proteln in;E. coli. These date wlll be presentad e~ 
will a description of the complex regulatory pathways underlying P58 control ·of PKR. · Poliovirus 
also utilizas a cellular gene proc:tuct to regulatePKR: it is likely that a ceilular protease, acting 
together with viral specific dsRNAs are responslbiy for PKR degradatlon In poliovirus-lnfected 
cells . Modeis of PKR regulation in 60th the Influenza and poliovirus systems will be presentad. 
Recent evidence now suggests that PKR may play en lmportant role in the antiproliferative 
properties of interferon as well as its antMral properties. For example, due to lts translational 
inhibitory properties, the wild-type PKR ls growth suppressive in yeast and líkely in mammalian 
cells as weli. We also have evfdence that PKR may function as a tumor suppressor gene since 
introduction of catalyticaliy inactiva PKR mutants into NIH3T3 cells Induce their malignant 
transformatlon. 
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lnterferon-lnduced dsRNA-activated Protein Kiriase 
(PKR) : Antiviral and Antitumoral Functions. 

Ara G. HOVANESSIAN, Unité de Virologie et lmmunologie Cellulaire, 
lnstitut 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, sorne 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 eiF2, 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. Viral. 66 : 5805-8514, 1992) and in 
Saccharomyces cerevisiae (Chong et al., EMBO J., 11 : 1553-1562, 1992). 

By transfection of the cONA 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 11. 
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 eiF2 were phosphorylated . 

Besides its antiviral and antiproliferative functions, PKR has been 
shown to manifest a potential tumor suppressor function. lndeed , 
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. 
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HUMAN ADENOYIRUSES ENCODE FOUR UNIOUE PROTEINS IHAT PREYENT 
INF-MEDIATED CELL DEATH ANP INF~INDUCED ACTIVATION OF PLA2. L.. 
Goo<lin~ 1 , S. Lasterl, and W. Woldl. 1Department of Microbiology and Jmmunology, Emory 
University School ofMedicine, Atlanta, GA; 2Department of Microbiology, North Carol ina S tate 
University, Raleigh, NC; 3Department of Molecular Microbiology and Immunology, St. Louis 
University School of Medicine, St. Louis, MO. 

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 
inh ibition 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 mediateá cell 
death is incompletely understood but it appears to involve activation of the large cytoplasmic , 
arachidonate selective phospholipase A2 (cPLA2) . Arachidonic acid metabolism in tum leads to 
other mediators of the inflammatory response, e .g. prostaglandins and leukotrienes, and to acti ve 
oxygen species that are probably the proximal mediators of cell death. 

Human adenoviruses encode severa! proteins that modify cellular signals transduced 
following encounter with TNF. ElA expression converts most normal, TNF-resistant cells to 
TNF sensitivity. Mutational analysis indicates that the capacity of ElA to alter cell cycle 
regulation vía 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 TNF . 
The function of thcse proteins is cell-type dependent. E1B-19K, a protein associateá 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 Iines tested . E3-14 .7K, an abundant 
cytoplasmic protein, suppresses TNF Jysis in nearly all mouse celllines tested. A complex of 
two plasma membrane proteins, E3-10.4K/14.5K, also protects most mouse cell Iines from TNF. 
This redundan! expression of viral proteins, all apparently inhibiting the same host anti-viral 
response, suggests that TNF is an importan! mediator, suppression of which is critica! to the 
reproductive strategy of the virus . 

The reported involvement of cPLA2 in TNF-mediated k.illing led us to investigate the 
effect of the adenovirus proteins on TNF-induced cPLA2 activation, measured by arachidonic 
acid release. TNF activates cPLA2 in adenovirus infected mouse cells, and expression of eithcr 
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, ElB-19K likewise prevents cPLA2 activation in human cells. In each ease, the 
adenovi rus inhibitors functioned to preven! cPLA2 activation only under the circumstances in 
which they also inhibit TNF-mediated cytolysis. This coincidence of function supports the idea 
that cPLA2 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 
TNP-receptor binding to cPLA2 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 hmb 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 cPLA2 leading to production of inflammatory mediators. 
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ADENQYIRUS PBOIEINS TIIAI INHWIT AND PROMOIE CELL DEAlH. W. WoW, 
A. Iollefson 1, A. Scaria1, T. Hermiston 1

, 1. Ryerse2
, R. Tripp', T. Sparer', and L. Gooding'. 

1Department of Molecular Microbiology and Immunology, 20epartmeot of Pathology, St. Louis 
University School of Medicine, St. Louis, MO; 3Department of Microbiology and Immunology, 
Emory University School of Medicine, Atlanta, GA. 

The human adenovirus (Ad) ElA proteins alter the activities of pre-existing cellular 
transcription factors and thereby affect expression of viral and cellular genes. Among other 
functions, ElA induces apoptosis as well as susceptibility to TNF-induced cytolysis; these 
properties map toa specific domain in ElA termed conserved region 1 (CRl). The Ad EIB-
19K protein inhibits both ElA- 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 iridependeotly inhibit TNF-induced cytolysis. The E3 
proteins do not inhibit ElA-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 
reticulum (ER), which forms a complex with MHC class 1 antigens and blocks their transport 
to the cell surface. In collaboration with Linda Gooding, we have shown that gpl9K 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 importan! for binding to class 1 antigeos. We propose that the ER lumenal 
domain consists of two subdomains: (i) residues 1 to ca. 80, a region that is variable in 
sequence among Ad serotypes, may bind to the variable al and a2 domains of class 1 a chain; 
and (ii) residues ca. 80 to 107, a region that is conserved among Ad serotypes, may interact with 
a conservoo 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, )'-interferon (IFN) abrogates the ability 
of gp19K to prevent killing of Ad-infected syngeneic target cells by Ad-specific CTL, apparently 
because )'-IFN up-regulates class 1 antigens. In vivo, we postulate that increased ')'-IFN 
synthesis leads to increased class 1 expression, and this overwhelms the ability of gpl9K to block 
transport of class 1 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 toAd release from infected cells as well as the more general issue of cell viability . We 
have shown that 11.6K is synthesiz.ed in small amounts from E3 mRNAs at early stages of 
infectíon, but in very large amounts from novel major late mRNAs at late stages of infection. 
Also, 11.6K is an N- and 0-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, MTI assay 
for mitochondrial activity) indicate that celts 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 interna! (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 e-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 celt 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 l1.6K co-localizes with 
E1B-19K at very late stages of infcction. Also, with mutants that lack EIB-19K, ll.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 ElB-19K at very late stages of 
infection and abrogates the ability of E1B-19K to inhibit celllysis. In this way, 11.6K promotes 
celllysis and the subsequent release of virus particles. 
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The mechanism by which Ad12 ElA mediated repression of class 1 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 sorne 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) dass 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 1 antigens on Adl2-transformed cells may 
favor their escape from immunosurveillance and act as an important step in 
tumorigenesis. 

Ad12 ElA represses each of the class I genes of the MHC in transformeg 
cells of different species: We ha ve shown that class 1 repression by Adl2 extends 
to both mouse and human transformed cells and that Ad12 ElA is responsible 
for this effect. By using genetically matched sets of Ad5- and Ad12-transformed 
mouse celllines, we demonstrated that there is diminished expression of class 1 
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 (anda 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 ElA protein products mediate dass 1 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-transfomled cells infected with influenza virus in vitro 
were resistant to lysis by syngeneic, influenza virus-specific CTLs (5). The 
relevance of diminished class 1 expression to oncogenicity was made apparent by 
a reversa! in tumorigenidty following treatment of Ad12-transformed cells with 
IFN-g or by introduction of an exogenous class 1 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 dass 1 mRNA 
in Ad12-transformed cells results from a decrease in the rate of transcription. 

Class 1 enhancer activity is repressed in Ad12-transformed cells: We and 
others have recently demonstrated that expression of an exogenous H-2K 
promoter (driving the CAT reporter gene) was dramatically lower in Adl2-
compared to Ad5-transformed cells (10, 11). By mutational analysis we have 
shown that the class 1 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 elther to its own basal promoter or to heterologous promoters (11). 

R1 and R2 factor bindin& sites within the c!ass 1 enhancer are each 
repressed in Ad12-transfonned cel!s¡ 

The Rl si te: In most cells, the R1 slte contributes the major transcriptional 
lltimulation by the clase 1 enhancer. Although factor binding to the R1 site was 
.een to be generally the same between Ad5- and Ad12-transformed cells, 
constructs contalning dlfferent multimers of the Rl site joined to the H2 basal 
promoter were less active in Ad12- than in AdS·transformed cells (12). 

Ibe R2 site: Generally, the R2 element provldes a moderate enhancer 
activlty compared to the Rl element (13). In Ad12 transformed cells, we found 
that the ablllty of R1 alone to stimulate the H2 basal promoter, was blocked by 
juxtaposing R2 next to R1 (12). Binding actlvlty to the R2 slte of the class I 
enhancer 1s significantly higher In Ad12- compared to Ad5-transformed cells (11, 
12, 14). Both the bindlng actlvlty (12, 15, 14) and represslon of the R1 element 
(12) ls lost when the R2 slte of the enhancer was mutated at nucleotides known· to 
be critical for blndlng RXRb, a retinoid receptor proteln (16). Indeed, treatment 
with retinoic acid was shown to be capabl'e of rellevlng the repression. Most 
recently, a COUP·like hormone receptor has now been ldentified as the nuclear 
receptor protein whlch blnds to the R2 site of the class I enhancer In Ad12 
transformed cells (15). 

Potential sj¡nificance for lmmuno-escape; A model for the mechanism for 
MHC class 1 repression in transformed cells and the possible slgnificance of thls 
mechanism to the establishment of latency by lnfectious Ad12 in humans wUl be 
discussed. 
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Oucogen.icity of adenovirus-transfonned cells; relationsbip witb expresion of class 1 

MHC antigens 

Alex J. van der Eb, Govert J. Schouten, Alt Zantema:, René E. M. Toes* W . Martín 

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. adenovin1s 12 (Ad12) and the 

non-oncogenic adenoviruses, e.g . Ad5. 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 m 

immunodeficient nude mice. A possible explanation for this phenomenon 1s the 

observation that the El A region of oncogenic Ad 12 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 Ad5 can be efficiently 

recognizcd and killed by cytotoxic T-lymphocytes (CTL). Previous work has shown that 

these CTLs recognize a single immunodominant epitope of the Ad5 ElA protein of 10 

amino acids long (SGPSNTPPEI). Studies were under taken to generate ElA mutants 

which are no 1onger recognizable by the wild type El A-specific CfLs. We then 

investigated whether cells transformed by these mutant-E lAs e1icit CfLs that recognize a 

minar T-cell e.pitope of the ElA 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. 

Our studies on the mechanism of inhibition of class 1 MHC gene expression by 

Adl2 ElA 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 H2TF1 

e1ement in the CRE is particu1ar1y important. In Adl2-transformed cells the H2TF1 leve1s 

are considerably lower than in Ad5-transformed cells. The effects of re-expression of 

H2 TF 1 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 
VJ_RUL.ENCE M.S . Horwitz, J. Tufariello, G. Fejer and A. Grunhaus, Department of 
M1crobJology and Jmmunology, Albert Einstein College of Mt:dicine, Bronx, New York 10461 

Th~ E3 region of_ lhl-' hu~an adenoviruses (J\ds) C?ntaíns genes that codc for proteins wílh 
the ¡x~tcnt1al for modulattn~ the .•mmune r~S(l<?nse to mfection. Among these proteíns are the gpl9K 
that bmds to thc class I maJOT ~•stocompati~Ihty complex (MI;IC) lo prevent 1ts transport to the cell 
surfacc, and the 14.7K that mh1b1ts cytolys1s by tumor necroSIS factor (TNF·oc). Because the human 
Ads d? n<?t replicate in the mous_e, we havc: exl?r~ the Ad gp19K and 14.7K genes either in 
vaccm1a virus (VV) constructs or IR transgemc mace m order to understand lhc function of these Ad 
genes in l'ii'O. 

Thcsc cxpcriments ha ve determined lhat lhe Ad 14. 7K protein can increa,;e the virulence of 
VV in a murinc pncumonia model induc:M after intranasal inocu1ation of the virus. For these 
studies, a VV constn1ct containing the TNF-n- gene inserted into the HindiiiF region was further 
modilie<l tu cuntain thc 14. 7K gene in eit.her the expressing (VV/14. 7+/TNF) or nonexpressin¡ 
{lrientation {VV/14.7-/TNF). These VV's al1owcd us to deliver the pathot:en to Balb/c mice 
togcthcr with thc agonist (TNF-n-) and the antagonist (14.7K) in various combmations. TNF-n- had 
bccn prcviously shown to dccrease the mortality a&r VV infection. However, the 14. 7K gene 
product madc the VV pneumenia more severe as evidenced by increased mortality, enhanced VV 
growth in the lungs and more scvere pulmonary hislopathology. The 14.7K cloned inlo VV in the 
abscncc of the cytokine did not aggravate discasc, furthcr arguing that the effcct of the 14. 7K is 
mcdiatcd through its antagonism ef the TNF-n-. 

Comparable experiments were also perfermed in SCID mice te determine if T or B cells 
participatcd in the 14. 7K effect. In contras! lo immunocompctcnt animals, SCID mice infcctcd wilh 
VV containing TNF survived acule infection with little or no disease. They did net succumb within 
the fir~t 2 weeks as did the immunocompetent animals. However, over a period of 1 to 3 months, 
thc animals dcvclopcd evidence ef viremic spread of VV from the lungs to the skin, manifest by 
vcsiclcs on non-hairy surfaces such as tail, ears and paws. The animals infectcd with 
VVII4.7+/TNF became ill and viremic 2 to 4 weeks before animals with VV/14.7-/TNF. These 
studics indicate that T or B cells are not necessary for the 14.7K effect which can still be 
dcmunstratc~ in SCID animals. 

From studies ef the Ad gp19K clened inte VV we have dctermined that down regulatien ef 
dass 1 MIIC is not sufficient te alter VV growth or disease in l'ivo. This confirms another recent 
study of VV infection in 82-microglobulin knockout mice, where it was also demonstratcd that the 
elimination of class T MHC en the cell surface did net affect mortality. 

Transgcnic animals conuining the cntire E3 region bchind its own single prometer have 
hccn constructcd, and expression of the prometer and S of the mRNAs within this complex 
transcription unit have been determine<!. These analyses included both the ameunts of transcripts in 
various organs and in the cells ef primary tissue culture derivcd from EJ-trattsgenic lun¡ and 
kidncy. Thcsc studics were undertaken lo determine the activity ef the E3 prometer and measure 
sume of the Ad protein products synthesized in transgenic mtce tissue befere determining their 
cffccts on pathogenesis. The E3 prometer is activatcd by Ad El A during viral infectien and has also 
bccn shown to be induced directly by NFkB or indirectly by TNF in plasmid constructs. In primary 
tissue culture ef transgenic lung and kidney, the E3 prometer was inactive until induced by 
infcctiun with Ad di 7001 virus which produced ElA but does not contain any endegenous E3 
genes. Thc pattcrn of mRNA production as measured by PCR indicatcd that gpl9, the major E3 
transcript folluwing Ad infectien in HeLa cells, is decreased in lung cultures compared to other E3 
transcripts, cvcn !hose made frem the same PCR primers . However, the pattem of gpl9 
prcdominance was dcmonstrated in transgenic kidney ccll_ cultures, sugg17sting that th~re is 
diffcrcntial splicing of the E3 transcript in lung com~ to ktdney cells. In d1rect confirmauon ?f 
sume nf thc transcriptional results, the gp19K protem has been detectcd in kidney cells but not m 
lung ccll cultures derived from the transgcnic animals after trans-activation with El A. 

Analysis of E3 transcripts directly in various organs from transgenic mice showcd that the 
E3 yromoter was very active in kidney and thymus but much 1ess active in liver, lun~, spleen and 
bram. After induction for S hours with LPS, there was activation of the E3 promot.er m hver, lung 
and brain but not in splcen. The effect of the E3 genes en disease induced by a variety of viruses, 
including thc mouse adenovirus that does not contain an E3 region comparable lo the human Ads, 
will be studied in this model transgenic systcm. 
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GENERATION OF HUMAN T-CELL CLONES BY USING A 
T -L YMPHOTROPIC HERPESVIRUS 

Brigitte Biesinger1
, Helmut Fickenscher 1

, Armin Ensser1
, Barbara Broker·\ 

Frank Weber'·5
, Edgar Meinl~. Hartmut Wekerle\ Reinhard Hohlfeld3

, 

Frank Emmrich~. and Bernhard Fleckenstein' 

1!nstitut filr Klinische und Molel<ulare Virologie, Lo•ch¡:e.<tr. 7, D-91054 ErlKn¡;en; 
2Max-Pianck-Gesellschafl, Klinischc Arbcits¡:ruppc:n für RhcumHiologic Rrn lnsliiUI filr lnununologie, 

Schwabachanlage 10, 0·91054 Erlangen; 3Mu·Planck·lnstitut für Psychialrie, Aht. Neurnimmunologie, 
Am Klopfer~pit~ ISA , D-82143 Pl•ne¡¡¡;·M•rtinsried; •pr.,..,nl Kddrc.s: BcmhKrd·Nocht·lnstitut für 

Tropenrnedizin, 0·20359 Hamburg ; 1pre<ent addre<S: Neurologi•che Universitatsklinik, D-37075 Güttin¡:en 

A T-lymphotropic tumour virus of New World monkeys, Herpesvirus saimiri strain 
C-488, transforms primary human T-lymphocytcs to permanent growth in a reproducible 
and efficient way . Stably proliferating cell-lines have becn derived from adult PBMC, from 
cord blood lymphocytes, from thyrnocytes, and from isolated T-<.:ell clones . The resulting 
(oligo·) clonal T-cell lines proliferare in presencc of IL2 independently of antigen or 
rnitogen, 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 assigncd to the stp-C 

oncogene úaimíri transforming Qrotein of virus strain C-488) . In transformed lymphocyte 
cultures, viral transcripts have not bcen dctcctcd except from the Iefl terminal ~ · tp·C gene , 
which is translated into a cytoplasmatic protein. Thc oncogene seems to be expressed 
independently from other viral factors, but is subjected lo T-<.:ellular regulation. 

Transformed T-cell clones resemble the parental cultures in many features. Tyrosine 
phosphorylation pauerns and calciurn mobilization levels after CD3· and/or CD4-Iigation, as 
well as abundance and activity of the lymphocyte spccific tyrosine kinase p56"" are not 
altered. lnfection of antigen specific human T-cell clones directed against rnyelin basic 
protein or tetanus toxoid led to continuous growth of the cell s without need for antigcn 
restimulation. Nevertheless, the rcsulting growth 1ransformed clona! 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 too! for 
the expansion of antigen specific T-cell clones without the neccssity of restirnulation . 
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Control of virus replicatlon by Mx proteins: lnhibition of vesicular stomatltls 

virus in vitro mANA synthesis by purified human MxA protein 

Peter Staeheli 

lnstitute for Vlrology, University of Freiburg, Germany. 

The lnterferon-induced human MxA protein is a cytoplasmic 76-kDa GTPase that can inhiblt 

the multipltcation of influenza A virus, vesicular stomatitis virus (VSV) and sorne other ANA 

viruses. The relatad mouse Mxt proteln is a GTPase that accumulates in the nucleus. The gene 

that codes for Mxt determines susceptibility of mice to experimental lnfections 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 lndicates that a functional GTP-blnding motif is of crilical lmportance for 

GTPase and antiviral activity of Mx proteins. 1t remains unclear, however, whether GTP 

hydrolysis is indeed requlred for antiviral activity of Mx proteins or whether GTP binding 

(rather than hydrolysis) is of crucial importance. For example, the GTP hydrolyzing actívity 

of the MxA varlant T247N was about 1 0-fold lower than that of wild-type MxA, nevertheless. 

T247N blocked virus repllcalion In transtected 3T3 cells with high efficíency. Mutants 

showlng normal GTP-blnding activily but lackíng GTPase activity will be required to clarify 

this point. The MxA variant T1 03A has such properties. Unfortunately, assesslng its antlviral 

acttvity is complicated by the fact that T103A shows aberran! distribution in transtected cells. 

Since VSV mRNA synthesis has been identified as the target of MxA action in vivo, we testad 

whether purifled MxA can inhibit this viral multiplication step In vitro. A protocol for easy 

production of large quantlties of GTPase-active MxA was established in collaboration with 

Jovan Pavlovic's group: MxA cONA is cloned into the bacteria! expression vector pQE9 whlch 

permits the produclion in ~ of recombinant protein wlth six extra histidine residues at 

the amino terminus, and histidine-tagged MxA is purified to near homogeneity from the 

soluble fraction of bacteria! 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 complexas were 

prepared from VSV-infected cells or from purified virions. Transcrlption was blocked almost 

completely when MxA was usad at concentrations higher than 0.5 I!Q/¡11 and when the specific 

GTPase acttvity of the MxA preparation was at least 50 nmol/minJmg. MxA had no eflect on the 

stability of preformed VSV mRNAs. Control experiments indicate that degradation of GTP in the 

reaction mixture cannot account for the observed inhlbitory eflect of MxA O!J VSV mANA 

synthesis. Curiously, VSV transcrlpts 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 lo characteríze the interaction of MxA wlth the VSV 

polymerase complex in great detall. 
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lnhlbition of Influenza Virus ANA Synthesis by Mxt Proteln 

Jovan Pavlovic 

lnstitute ol Medica! Virology, University ol ZOrich, CH-8028 ZOrich, Swltzerland 

The Mx protelns form a small lamily of GTPases which are inducedln respc>nse . to interferon 

(IFN) type 1. Human MxA and murine Mx1 are closely related. protains with intrinsic 

antlvlral activities. The specificlty of Mxt appears to be restricted to members of the 

orthomyxovirus famlly. In contras!, MxA has ·a broader activity inhibitiog the 

multiplication of influenza viruses (o.rthomyxoviridae), vesicular stomatitis virus 

(rhabdoviridae) and measles virus (paramyxoviridae). Mxt is a nuclear protain whereas 

MxA accumulates in the cytoplasm. Mx1 and MxA inhibí! influenza A virus multlplication at 

different steps of its replication cycle. Mx1 protein inhibits the transcription of influenza 

virus genes, whereas MxA protein lnterferes with a later replication step taklng place in the 

cytoplasm. lnterestlngly, when recomblnant MxA containing a SV40 nuclear translocation 

signa! at its N-terminus is expressed in the nucleus of transfected cells it blocks influenza 

virus mRNA synthesls like Mx1 . 

The observad lnhibition of influenza virus ANA synthesis by the mouse Mx1 protein oould be 

due to a specific interactiOn ol Mx1 with the viral transcriptase complelli formed by the 

polymerase subunits PB1, PB2. PA and the nucleoprotein NP. We tested thls ·possibility in 

collaboration with Mark Krystat by measuring the antiviral activity of Mx1 protein in 

transfected mouse cells overexpressing the polymerase proteins or NP. lndeed, efficient 

neutrallzation of Mxt was observed in influenza virus RNP-translected cells when. the three 

polymerase subunits were overexpressed simultanously vía reoombinant vaccirúa viruses. 

Expression of PB2 alone partially neutralizad the activity of Mx1. In contras!, 

overexpression ol PBt , PA or NP had no influence on the inhibitory activlty of Mxt. Similar 

results were obtained when the individual viral polymerase proteins :were expressed from a 

constitutiva cellular prornoter in stably transtected mouse cells. Only expression of PB2 

diminished the inhit)itory effect ol Mx1 on influenza virus multiplication. So lar we were 

not able lo obtain biochemical evidence lor a physical interaction of · Mx1 with the viral 

potymerase subunits or oomplex. 

To further elucldate the molecular mechanism of influenza virus . inhibilion by Mx proteins, 

we examined the function of purified Mx proteins in a in vitro trallScriptlon. system of 

Influenza virus. First, we expressed recombinant Mxt and MxA proleins, carrying a 

histidine-tag at their N-terminus, in E. coli and purified th.em· under · nondenaturing 

conditlons by Ni-Chelate affinity chromatography. As expected; the purifiad .Mx proteins 

showed a nucleotide hydrolyslng activlty specffic for GTP. lnte~ingly, both .Mx.1 and MxA 

lnhibited the P11lobln mANA or ApG-<Iioucleotide primed influenza virus RNA synthesis in 

vltro, while a mutan! Mxt protein with wild type GTPase actillity but lacking antiviral 

activity in vivo was Inactiva in vitre aJso. The avallabllity of reoombinant .Mx .proteins . 

allows · us now to examine which PB2 dependen! step of influenza virus mRNA . synthesis 

(cap-steallng, lnltlation or elongation) is targeted by Mx1 protein .• Instituto Juan March (Madrid)
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CONTROL OF FEVER BY THE VACCINIA VIRUS IL-lp 
RECEPTOR 

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

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

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 sorne microorganisms. Here we show that vaccinia virus has 

devised a mechanism to prevent the febrile response induced in infected animals. 

Gene BI5R of vaccinia virus strain WR encodes a soluble receptor for 

interleukin-1 ~ (IL-1 ~) that is expressed late during infection and binds IL-1 ~ 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 (v~B 15R) viruses were indistinguishable, animals infected with 

v~B 15R suffered a more severe infection with stronger signs of illness and 

accelerated weight loss. We show here that v~BI5R-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 v~B15R deletion 

mutant prevented fever induction. Fever was also induced in animals infected 

with other vaccinia virus strains that do not express the IL-1 ~ receptor 

(Copenhagen and Tashkent), but not with strains that express the receptor (Tian

Tan and IHD-J). The role of the IL-1 ~ receptor in control of fe ver 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-1 ~ 

and not other pyrogens such as IL-1 a, 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 v~B15R 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 

v~B15R suggesting that a local inflammatory response mediated by IL-11} can 

restrict virus replication. 
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Translational Re&Uiatlon and Functional Analysls of tbe lnterferon-Jnduced. 
dsBNA Actlyated Protein Kinase CPKBl. 

Glen N. Barber and Midtael G. Katze 

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

The double-stranded RNA activated protein k.inasé (known as PKR but also referred to 
as P68 and DAI) is an interferon-inducible enzyme thought to play a ker role in the 
cellular defense against viral infection. PKR may also partic1pate m 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 cel1 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 catalftically inactive PKR mutant which was expressed at levels 30-40-
fold higher. Followmg 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 EV ASION OF THE IMMlJNE 
RESPONSES : ROLE OF POSITIVE SELECTION AND OF 

RANDOM CHANGE 

Bel6n Borrego and Esteban Domingo. 

Centro de Biolugfa Molecular "Severo Ochoa" (CSIC-UAM). Cantoblanco, Madiid. 

The high mutation rates operating during RNA virus replication or 

retrotranscription (averaging 1 o-3 to lQ-5 substitution per nucleotide 
and round of copying) dictates that RNA viruses consist of complex 
distributions of non-identical but related genomes termed quuispecies. 
We previously showed t.hat antigenic variation of foot-and-mouth 
disease virus (FMDV) need not be the result of immune selection 
(reviewed in Domingo et al .. J .Gen.Virol., 1993, in press). We have 
passaged eight samples of the same FMDV clone in the pre;ence of a 
limited amount of neutralizing polyclonal antibodies directed to the 
major antigenic site (site A) of capsid protein VPl . Complex populations 
of variants showing increased resistance to polyclonal sera and to 
monoclonal antibodies were selected. Sorne populations exhibited 
marked decreases in viral fitness (overall multiplication and sllrvival 
ability in the considered enviroment) . Mul!iple a.mino acid replacements 
within site A - and also elsewhere in VPI - accumulated upon passage 
of the virus either in the absence or presence of neutralizing antibodies . 
However, antigenically critica! 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 either in the 
absence of anti-viral antibodies or in the presence of irrelt!Vant sera. 
Thus, even though antigenic variation of FMDV can occur in the absence 
or presence of immune selection, critical replacements which lead to 
importan! changes in antigenic specifity were observed only as :t result 
of selection by neutralizing antibodies . (Borrego et al., J.ViroL 1993, in 
press). 
Thus, the antigenic evolutíon of FMDV may be the result of raildom 
fixation of tolerated substitutions at antigenic sites as well as of positíve 
selection events. In the latter case, minority componeñts of the 
quasispecies appear to be driven to dominance by antibody pressure at 
the e:¡¡pense of considerable fitness loss. 
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TUMOR NECROSIS FACTOR o. STIMULATES EXPRESSION OF 
ADENOVIRUS EARL Y REGIO N 3 PROTETNS IMPLICA TED IN VIRAL 
PERSISTENCE 

Burgert, H.-G., Fritzsche, U .. Ebenau -Jehle, C. and Komer, H. 
Spemann-Laboratorium, Max-Planck-Institut für lmmtmbiologie, Stübeweg 
51, D-79108 Freiburg, Germany 

Adcnoviruses (Ads) '-'<tll cause persistenr infecrions 1Íl man. Tmplicated in this phenomenon 

appc.ars to be the early transcription unit 3 (E3) of the virus which is not essential for virus 

growth in tissue culture cells. Its relativc co n~ervation in most Ad serotypes together with the 

biologic activity of sorne proteins encoded in this transcription unit argues for an importan! role 

in adenovirus pathogenesis and persistence (ó) 

Our studies focus on thc function of the most abundant protein from this region, the E3/19K 

protein. Previously, we demonstrated thar this protein interacts specifically with class I 

histocompatibility (class l MHC) antigens in the rough endoplasmatic rcticulum (ER), thcreby 

inhibiting transpon of MHC moleL:ules to the cell surface (1 ). As a conscquence, MHC· 
r~suicted T cell recugnition of E3/19K + targct cells is drastically reduccd (2) . Subsequent 

studics from our group showed that the srructure oi MHC antigens re~ponsible for binding 

EJ/19K is cuntaincd within the two N- tenninr~l domains , u 1 and a2. comprising the peptide 

binding pocket of MHC antigens (3. 4). At present. we are using site directed mutagenesis to 

identify the a.mino acids that cunoibute to the compiex fonnation. 

Recently, Ginsberg a.nd colleagues d~vel o ped a mouse in vi vo modcl for Ad-induced pneumonia 

(7 ). They showed that Ad-induccd lesion s were infiltrated , first. by macrophages/monoc,ytes 

and subsequently by T cells. This was accompanied by a increased leve! of tumor necrosis 

factor -u (TNF-u) production. TNf--a and orher cyrokines are known to induce MtlC 

ex.prcssion. We therefore examined in our transfectiun system whethcr TNF-a and interferorvy 

(lfN-y) may overwme the E3/19K induced block of tvlHC dass I expression . Surpri~ingly, 

TNF-a treatment caused a further reduction of MHC antigens . Subsequent studies on the 

mechanism of thís effect showed a.n incrcased production of E3/19K mRNA and protein, 

indicating that this cytokine directly or indire~.:rly stimulates the E3 promoter. Supporting this 

idea we also find an upregulation of other E3 proteins anda further rcduction of the EGF-R. We 

now cx.amine whether the effecr is mediated by the NFk-B transcription faL:tor. The significance 

of this phcnomenon wa.c; conlirrned during infectiun wherc a drarnalic increasc in the amount of 

E3/19K after TNF-a treatment was demonstrated . The study provides evidence for a novel 

interaction betwcen the immune system andAd in wlúch the virus takes advantage of a.n immune 

mediator to escape immunosurveillance of thc host (5). 
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TACARIBE ARENA VIRUS GENE EXPRESSION IN CYTOPATHIC AND 
NONCYTOPATHIC INFECTIONS. 

M' TERESA FRANZE-FERNÁNDEZ 

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 Yero 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 pllZ 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 pl!Z 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 discussed. Instituto Juan March (Madrid)
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GENETIC MECHANISMS THAT GENERATE ANTIGENIC DIVERSITY OF THE HUMAN 
RESPIRATORY SYNCYTIAL VIRUS G GLYCOPROTEIN 

Blanca García Barreno, Paloma Rueda and José A. Melero.- Centro 
Nacional de Microbiología, Virología e Inmunología Sanitarias. 
Instituto de Salud Carlos III.- Majadahonda, 28220 Madrid.- Spain 

The phenomenom of antigenic variation has been related 

to the capaci ty 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 focus ed our study 

(attachment) of human RS virus, since this 

in 

is 

the G glycoprotein 

the viral polypeptide 

that shows the highest degree of antigenic variat ion among human 

isolates. To understand the genetic basis of that antigenic 

vari ation , escap e mutants of the RS virus Lang strain were selected 

by passaging the virus in the presence of anti-G mono c lonal 

antibodies. Analysis of the antigenic and g e netic changes selected 

in the escape mutants indicated that: 1) Variable epitopes, not 

present in a ll the human isolates , are determined by the amino acid 

sequence of the G protein e-terminal th ird. 2) The antigenic variants 

contained different types of sequence alterations, including: i) 

nu c l eotide substitutions l eading to a mino acid replacements, ii) 

nucleot i de s ubstitutions that introduced premature in-frame stop 

codons ( 1), iii) frame-shift mutations generated by d e l ec tions or 

ins e rtion s of a single adenosine (A) i n aligo-A tracts of the G 

protein gene 

(hypermutations) 

( 2), 

in 

and 

the G 

iv) 

mRNA 

reiterative u-e 

( 3) • The genetic 

substitutions 

mechanisms that 

generated these changes and their relevance to RS virus evolution 

will be discussed. 

l.- P . Rueda, T. Delgado, A. Porte la, J.A. Melero and B. 

García-Barreno. J. Virol., ~. 3374-3378 (1991). 

2.- B. García-Barreno, A. Portela, T. Delgado, J.A. LÓpez and J.A. 

Me l e ro. EMBO J.,~' 4181-4187 (1990). 

3.- P. Rueda, B. García-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 1 S. Ravaglia and S. Landolfo. 

Insti tute of Microbiology 1 Uni versi ty of Turin 1 

10126 Turin 1 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 blot technique revealed that IFNs 
significantly reduced the expression of the majar 
immediate early ( IE1 1 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 viral DNA to the 
nucleus were not affected by IFN treatment. Since 
transcription of MCMV IE region is regulated by a 
strong enhancer element 1 a series of constructs 
containing the reporter gene CAT driven by 
segments of different lenght of the MCMV IE 
enhancer were prepared. After transfection in NIH 
3T3 cells 1 CAT acti vi ty in transient assays was 
strongly inhibi ted 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 1 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 1 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 transpon of MHC class I 
molecules in human fibroblasts (fb) infected with herpes simplex 
viruses types 1 and 2 (HSVl 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 WG/32 (recognizing ~m associated class I) 
or HClO (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 HSVl- 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-SA-antisense 
chimeras 
A. Maran1, R.K. Maitra1, B. Dong1, K. Lesiak2, w. Xiao3, 
P.F. Torrence3 & R.H. Silverman1 
1 Department of Cancer Biology, Cleveland Clinic Foundation, Cleveland, OH 
44195, U.S.A., 2Laboratory of Biophysics, Center for Biologics Evaluation and 
Aesearch, F.D.A., Bethesda, MD 20892, U.S.A., and 3Section on Biomedical 
Chemistry, N.I.D.D.K., Nationallnstitutes 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-SA-dependent 
ANase is directed to specific ANA targets . Chimeric molecules were 
synthesized in which the 2-SA species, pA(2'p5'A)3, was covalently linked to 
antisense oligodeoxyribonucleotides. The antisense cassette of the chimera 
binds to its complementary sequence in ANA while the accompanying 2-SA 
component attracts and activates 2-SA-dependent RNase which then cleaves 
the target ANA. In a cell-free system, we showed that 2-SA-antisense directed 
2-SA-dependent ANase to specifically cleave a modified HIV mANA (Torrence 
et al., Proc. Natl. Acad. Sci. U.S.A. 90, 1300-1304, 1993). To extend this work 
to a naturally-occurring ANA sequence, we selected mRNA to PKA, the dsRNA
dependent protein kinase. Accordingly, purified recombinant 2-SA-dependent 
ANase degraded PKR mANA in the presence of 50 nM of 2-SA-antiPKA but not 
with 150 nM of 2-SA linked to an unrelated oligonucleotide. Furthermore, after 
incubating Hela cells with 2-SA-antiPKR for 4 hrs, there was no intact PKA 
mANA remaining as determined using reverse transcriptase-coupled PCR. 2-
SA linked to irrelevant oligonucleotide sequences and antiPKA alone had no 
effect on PKA mANA levels and 2-SA-antiPKR did not reduce levels of actin 
mANA; thus demonstrating selectivity of action . In addition, 2-SA-antisense did 
not reduce cell growth rates and therefore it is not cytotoxic. This new approach 
to targeted ANA degradation promises to control gene expression and to act as 
a therapeutic agent. 

Instituto Juan March (Madrid)



81 

The E3 region of C-type adenovirus interferes with the expression of the 

Cos+ T cell immllilodominant ElA antigen and averts 
immunopathology. 
A. Müllbacher. A. Braithwaite, X. Zhang; Division of Cell Biology 
John Curtin School of Medica! Research, Australian National Urúversity 
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 regula te MHC-class 1, the recognition structure for CD8+ 

cytotoxic T (Te) lymphocytes, in a molecule specific manner. We have shown 

that genes within the E3 region down regula te the ElA products, the 

immunodominant antigen for Te cells. This down regulation occurs at the 

translationallevel 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 

El A region products resulting in decreased translation of ElA and 

consequently in reduced adenovirus infected target susceptibility to lysis by 

adenovirus immune Te cells, requires subtype homology between the E3 and 

ElA region. 

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

indicate this to be dueto CD8+T cell mediated immunopathology. 
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lmmunological recogmt10n of FMDV 
and its proteins in the bovine 

Parkh ouse R.M.E ., Baron J ., Collen T .C ., Doel T., 
Flint M ., Foster M ., Garcia-Valcarce l M . & Ryan M . 

AFRC ln stitute for Animal Hea lth , Pirbright Laboratory , Woking , Surrey, UK . 

_L RECOGNITION OF INTAC f VIRU S 

a) Hu mo ral : 

Unlik e class ica l neutrali sing antibodies, tota l anti -FMDV antibodie s, as 
measured in an ELISA capture assay, are high ly cross reactive. 

b) Cellular: 

Prolifera tive T cell respo n ses o f pe ri phera l b lood mononu c lea r cell s (PBMC) 
are bare ly de tec tab le during primary respon ses to vacci ne o r virus, and 
freq uently low during secon dary respo n ses. Fo r good T ce ll p ro lifera ti o n in 

vitro , multiple immunisa tion is req uired . 

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

2 . RE COG NITION OF INDIVIDUAL VIR AL PROTE INS 

a) Expression Cl oning : 

Structural and non-s tru c tu ra l proteins p se udogen es w ere c lo n ed from cO NA 
b y PCR , expressed in p GE X-3XUC, and purified by SDS -PAGE. 

b) Humoral: 

Stru c tural and non -struc tur al protein s w ere recog ni sed by infec ted anim als. 

e) Cellular : 

Sorne stru c tural and non -s tructural protein s were recog ni sed and w ere cross 
reactive. 

lnterestingly, VP, was strain specific. and the polymerase (30) 
was the most immunogenic and cross reactive . 
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MUCOSAL IMMUNITY AS A W A Y TO CONTROL HOST EV ASION 
MECHANISMS OF TRANSMISSIBLE GASTROENTERffiS CORONA VIRUS. 

C. Smerdou and L. Enjuanes 

Transmissible gastroenteritis virus (TGEV) is a coronavirus that infects pigs, 
producing a transitory enteritis in adult animals, anda mortality close to 100% in piglets 
younger than 10 days. TGEV escapes the immune system by infecting piglets, which are 
too 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 ant.igenic stimulat.ion at the gut associated lymphoid t.issues (GALT), such as 
Peycr 's patches, or mesentheric lymph nodes. One of the strategies for inducing 
lactogenic immunity against TGE is bascd on thc expression of selected viral antigens in 
prokaryotic or eukaryotic vectors with an enteric tropism. Attcnuated forms of Salmonella 
ryphimurium and adenovirus have been chosen as prokaryotic and eukaryotic enteric 
vectors, respcct.ively, to express TGEV antigens involved in protection. 

S. typhimuriwn D.cya D.crp is an attcnuated mutant that is avirulent and keeps its 
immunogcnicity and tropism for the GAL T, being able to colonize and persist in this 
lissue for up to 3 wecks before being climinated. Thc whole S glycoprotein of TGEV, as 
wcll as thrcc ovcrlapping fragmcnts of this protein, containing both conformational and 
linear antigcnic sites, have been expressed as fusion products with ~-galactosidase in 
salmonella, using asd cxpression plasmids. Thesc constructions have shown different 
le veis of antigenicity and stability in vitro and in vivo. A second type of construction in 
.w!monella was based on thc cxpression of a linear cpitopc from the S protein which is 
glycosilation independent and ablc to induce neutralizing antibodies. This linear epitope 
was cxprcsscd as a fusion product with the B subunit of the hcatlabile toxin from E. coli 
in monomeric and polimcric forms. These constructions showed good antigenicity and 
vcry high levcls of stability in vitro. The potentiality of all thcse rccombinants to induce a 
protcctivc immune response in vivo is being evaluatcd. 

Adenovirus 5 (Ad5) has been uscd as an eukaryotic vector to express TGEV 
antigcnic dctcrminants which are glycosilation dependen!. Severa! truncated forms of S 
gene from TGEV coding for the aminoterminus half were doned inlo an SV-40 based 
expression cassette in Ad5 and expressed in vitro. The rccombinant Ad-5-TGEV viruses 
sclected wcre stablc and expressed the recombinant antigen. These recombinants were 
ah le lo induce TGEV neutralizing antibodies in hamsters. 

Another approach to gct lactogenic immunity is the devclopment of transgenic 
animals able to secrete specific immunoglobulins in milk. A neutralizing antibody 
specific for TGEV rccognizing a very highly conserved cpitope has been selected. The 
genes coding for the hcavy and Iight 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 1 Molecnles into tbe Mediai-Golgi. 
Mar~rita del Val1

·\ Hartmut Henge1 1
, Hans Hackd, Udo Hartlaub 1

, Thomas 
Ruppert1

, Pero Lucin1
, and Ulrich H. Koszinowski 1

• 

1Department of Virology, University of Ulm, Albert-Einstein-AIIee, 11, D-7900 
Ulm, Federal Republic ofGermany. 2Centro Nacional de Microbiología, Virología 
e Immunología Sanitarias, Biología Molecular, E-28220 Majadahonda, Madrid, 
Spain 

Selective expression of murine cytomegalovirus (MCMV) immediate early (lE) 
genes leads to the presentation by the MHC class 1 molecule Ld of a peptide 
derived from MCMV lE protein pp89. Characterization of endogenous antigenic 
peptides identified the pp89 peptide as the nonapeptide 168YPHFMPTNL176

• 

Subsequent expression of MCMV early genes prevents presentation of pp89. We 
report on the mechanism by which MCMV early genes interfere with antigen 
presentation. Expression of the lE promoter driven bacteria! gene JaeZ hy 
recombinant MCMV subjected antigen presentation of 6-galactosidase to the same 
control and excluded antigen specificity. The Ld dependent presence of natura JI y 
processed antigenic peptides also in non-presenting cells located the inhihitory 
function subsequent to the step of antigen processing. The finding that during the 
E phase of MCMV gene expression the MHC class 1 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 
l 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 1 heavy chain, 8z-microglobulin and the 
finally trimmed peptide is completed befare entering the medial-Golgi . 

Del Val, M., Hengel, H., Hacker, H., Hartlaub, U,. Ruppert, T., Lucio, P., and 
Koszinowski, U. H. (1992) . J. Exp. Med., 176, 729-738. 
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FUNDACI6N JUAN MARCH 

concerning workshops and courses organized within the 

Plan for International Meetings on Biology (1989-1991) 

246 Workshop on Tolerance: Mechanisms 
and implications. 
Organized by P. Marrack and C. Martí
nez-A. Lectures by H. von Boehmer, J. 
W. Kappler, C. Martínez-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. 

247 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. García-Oimedo. 

248 Beato, M.: 
Course on DNA - Protein lnteraction. 

249 Workshop on Molecular Diagnosis of 
Cancer. 
Organized by M. Perucho and P. García 
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, l. B. 
Roninson, J. Groffen and M. Barbacid . 

251 Lecture Course on Approaches to Plant 
Development. 
Organized by P. Puigdoménech and 
T. Nelson. Lectures by l. 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. Martínez Zapater, 
A. Spena, P. J. J. Hooykaas, T. Nelson, 
P. Puigdoménech and M. Pagés. 

252 Curso Experimental de Electroforesis 
Bidimensional de Alta Resolución. 
Organizado por Juan F. Santarén. Semi
narios por Julio E. Celis, James l. Garrels, 

Joel Vandekerckhove, Juan F. Santarén 
y Rosa Assiego. 

253 Workshop on Genome Expression and 
Pathogenesis of Plant ANA Viruses. 
Organized by F. García-Arenal and P. Pa
lukaitis. Lectures by D. Baulcome, R. N. 
Beachy, G. Boccardo, J. Bol, G. Bruening, 
J. Burgyan, J. R. Díaz Ruiz, W. G. Dou
gherty, F. García-Arenal , W. L. Gerlach, 
A. L. Haenni, E. M. J. Jaspars, D. L. Nuss, 
P. Palukaitis. Y. Watanabe and M. Zaitlin. 

254 Advanced Course on Biochemistry and 
Genetics of Yeast. 
Organized by C. Gancedo, J. M. Gance
do, M. A. Delgado and l. L Calderón. 

255 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. Müller, 
G. Oster, M. De Renzi, A. Seilacher, 
S. Stearns, E. S. Vrba, G. P Wagner, 
D. B. Wake and A. Wilson. 

256 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. Dabán, S. C. R. Elgin, M. Grunstein, 
G. L. Hager, W. Hbrz, 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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257 Lecture Course on Polyamines as mo
dulators of Plant Development. 
Organized by A. W. Galston andA. 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. 

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

259 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-Fernández. A. J. 
Hay. A. lshihama. D. Kolakofsky. R. M. 
Krug, J. A. Melero, S. A. Moyer. J. Ortín . 
P. Palese. R. G. Paterson. A. Portela, M. 
Schubert . D. F. Summers. N. Tordo and 
G. W. Wertz. 

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

261 Workshop The Regulation of Transla
tion in Animal Virus-lnfected 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. 

263 Lecture Course on the Polymerase 
Chain Reaction. 
Organized by M. Perucho and E. Martínez-

Salas. Lectures by D. Gelfand, K. Hayashi. 
H. H. Kazazian . E. Martínez-Salas. M. Me 
Clelland . K. B. Mullis. C. Oste. M. Perucho 
and J. Sninsky. 

264 Workshop on Yeast Transport and 
Energetics. 
Organized by A. Rodríguez-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. Leao. L. A. Okorokov. A. 
Peña. J. Ramos. A. Rodríguez-Navarro. 
W. A. Scheffers and J. M. Thevelein 

265 Workshop on Adhesion Receptors in 
the lmmune System. 
Organized by T. A. Springer and F. Sán
chez-Madrid. Lectures by S. J. Burakoff. 
A. L. Corbi-López. C. Figdor, B. Furie, J. 
C. Gutiérrez-Ramos. A. Hamann, N. Hogg, 
L. Lasky. R. R. Lobb. J. A. López de Cas
tro. B. Malissen, P. Moingeon. K. Okumu
ra, J. C. Paulson. F. Sánchez-Madrid . S. 
Shaw. T. A. Springer, T. F. Tedder andA. 
F. Williams. 

266 Workshop on lnnovations on Protea
ses and their lnhibitors: 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. Pu igserver, C. 
A. Ryan. J. J. Sánchez-Serrano, S. Shal
tiel , R. L. Stevens. K. Suzuki. V. Turk, J. 
Vendrell and K. Wüthrich. 

267 Workshop on Role of Glycosyi-Phos
phatidylinositol in Cell Signalling. 
Organized by J. M. Mato and J. Larner. 
Lectures by M. V. Chao. R. V. Farese. J. 
E. Felíu, G. N. Gaulton. H. U. Háring. C. 
Jacquemin, J. Larner, M. G. Low. M. Mar
tín Lomas. J. M. Mato. E. Rodríguez
Boulan, G. Romero, G. Rougon . A. R. 
Saltiel , P. Stralfors and l. Varela-Nieto. 

268 Workshop on Salt Tolerance in Mi
croorganisms and Plants: Physiological 
and Molecular Aspects. 
Organized by R. Serrano and J. A. Pintor-
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Toro. Lectures by L. Adler, E. Blumwald, 
V. Conejero, W. Epstein, R. F. Gaber, P. 
M. Hasegawa, C. F. Higgins, C. J. Lamb, 
A. Uiuchli, U. Lüttge, E. Padan, M. Pagés, 
U. Pick, J. A. Pintor-Toro, R. S. Quatrano, 
L. Reinhold, A. Rodríguez-Navarro, R. 
Serrano and R. G. Wyn Jones. 

269 Workshop on Neural Control of Move
ment in Vertebrates. 

Texts published by the 

Organized by R. Baker and J. M. Delgado
G.arcia. Lectures by C. Acuña, R. Baker, 
A. H. Bass, A. Berthoz, A. L. Bianchi , J. 
R. Bloedel, W. Buño, 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 
Vila, Y. Shinoda, M. Steriade and P. L. 
Strick. 

CENTRE FOR INTERNATIONAL MEETINGS ON BIOLOGY 

Workshop on What do Nociceptors Tell 
the Brain? 
Organized by C. Belmonte and F. Cerveró. 
Lectures by C. Belmonte, G. J. Bennet, J. 
N. Campbell, F. Cerveró, A. W. Duggan, J. 
G:-.llar, 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. Szolcsányi, E. 
Torebjórk and W. D. Willis Jr. 

2 Workshop on DNA Structure and Protein 
Recognition. 
Organized by A. Klug and J. A. Subirana. 
Lectures by F. Azorín, 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. 

3 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. 

4 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
metlech , H. Saedler, V. Szabo andA. Viotti. 

5 Workshop on Structure of the Major His
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. Hiimmerling, J . Klein , 
J. A. López de Castro, A. McMichael , P. 
Parham, P. Stastny, P. Travers and J. 
Trowsdale. 

6 Workshop on Behavioural Mechanisms 
in Evolutionary Perspectiva. 
Organized by P. Bateson and M. Gomendio. 
Lectures bv J . R. Alberts, G. W. Barlow, 
P. Bateson, T. R. Birkhead, J. Carranza, C. 
ten Cate, F. Colmenares, N. B. Davies, R. 
1. M. Dunbar, J. A. Endler, M. Gomendio, 
T. Guilford, F. Huntingford, A. Kacelnik, J. 
Krebs, J. Maynard Smith, A. P. M0ller, J. 
Moreno, G. A. Parker, T. Redondo, D. l. 
Rubenstein , M. J. Ryan, F. Trillmich and J. 

C. Wingfield. 

7 Workshop on Transcription lnitiation 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. 
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8 Workshop on the Diversity of the lmmu
noglobulin Superfamily. 
Organized by A. N. Barclay and J. Vives. 
Lectures by A. N. Barclay, H. G. Boman, l. 
D. Campbell, C. Chothia, F. Díaz de Espada, 
l. Faye, L. García 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. 

9 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. Piña, A. Sentenac, K. Struhl , G. 
Thireos and R. S. Zitomer. 

1 O Workshop on Engineering Plants 
Against Pests and Pathogens. 
Organized by G. Bruening, F. Garcia-01-
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· 
cía-Olmedo, L. Herrera-Estrella, V. A. Hil
der, J. M. Jaynes, F. Meins, F. Ponz, J. 
Ryals, J. Schell, J. van Ríe, P. Zabel and 
M. Zaitlin. 

11 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. Benítez, J. l. Cubero, J. T. Esquinas
Alcázar, G. Fedak, B. V. Ford-Lioyd, C. Gó
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. 

12 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. Ortín, P. Palese, 
R. F. Pettersson, A. Portela, C. R. Pringle, 
J. K. Rose and G. W. Wertz. 

13 Workshop on Approaches to Plant Hor
mone Action. 
Organized by J. Carbonell and R. L. Jones. 
Lectures by J. P. Beltrán, A. B. Bleecker, 
J. Carbonell, R. Fischer, D. Grierson, T. 
Guilfoyle, A. Jones, R. L. Jones, M. Koorn-

neef, J. Mundy, M. Pagés, R. S. Quatrano, 
J. l. Schroeder, A. Spena, D. Van Der 
Straeten and M. A. Venís. 

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. lhara, K. lqbal, 
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. Haring, 
C.- H. Heldin, H. R. Horvitz, T. Hunter, J. 
Martín-Pérez, D. Martín-Zanca, J. M. Mato, 
T. Pawson, A. Rodríguez-Tébar, J. Schles
singer, S. l. Taylor, A. Ullrich, M. D. Water
field and M. F. White. 

16 Workshop on lntra- and Extra-Cellular 
Signalling in Hematopoiesis. 
Organizad by E. Donnall Thomas and A. 
Grañena. Lectures by M. A. Brach, D. Can
trell, L. Coulombel, E. Donnall Thomas, M. 
Hernández-Bronchud, T. Hirano, L. H. 
Hoefsloot, N. N. lscove, P. M. Lansdorp, 
J. J. Nemunaitis, N. A. Nicola, R. J. O'Rei
lly, D. Orlic, L. S. Park, R. M. Perlmutter, P. 
J. Ouesenberry, 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. Mauel, 
C. Nathan, M. Rollinghoff, F. Sánchez-Ma
drid, C. Schindler, A. Sher and Q.-w. Xie. 
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The Centre for International Meetings on Biology 
has been created within the 

Instituto Juan March de Estudios e Investigaciones, 

a prívate foundation which complements the work 
of the Fundación Juan March (established in 1955) 

as an entity specialized in scientific activities 
in general. 

The Centre's initiatives stem from the Plan 
for 1 nternational Meetings on Biology, 

supported by the Fundación Juan March . 

A total of 30 meetings and 3 Juan March Lecture 
Cycles, all dealing with a wide range of subjects 

of biological interest, were organized between 
1989 and 1991 within the seo pe of this Plan. 

The Centre endeavours to actively and 
sistematically promote cooperation among Spanish 

and foreign scientists working in the field of Biology, 
through the organization of Lecture 

and Experimental Courses, Workshops, Seminars, 
Symposia and the Juan March Lectures on Biology. 
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The lectures summarized in this publication 

were presented by their authors at a workshop 

held on the 20th through the 22nd of September, 

1993, at the Instituto Juan March . 

All published articles are exact 

reproductions of author's text. 

There is a limited edition of 450 copies 

of this volume, available free of charge. 


