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- Structural and functional analysis of 
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POST-TRANSLATIONAL MODIFICATIONS OF 
INITIATION FACTORS CONTROL TRANSLATION 
RATES 

Hershey, J.W.B., Choi, S-Y., Scherer, B.J., Fabbri, B.J., 
*Davies, M.V., *Kaufman, R.J., Schwelberger, H.G. and 
Kang, H-A. 

Department of Biological Chemistry, School of Medicine, 
University ofCalifornia, Davis, Ca 95616, USA; *Genetics 
Institute, Inc. Cambridge, MA 02140, USA. 

The phosphorylation of translational components leads to either 
the activation or inhibition of protein synthesis rates. Phosphorylation of 
eIF-2 leads to inhibition of global protein synthesis by preventing an 
efficient exchange of GDP for GTP on eIF-2 and thus inhibiting the 
binding ofMet-tRNA to 40S ribosomal suqunits. We have devised 
experiments to demonstrate that eIF-2 phosphorylation is the primary 
cause of.translation inhibition in intact cells, by ov~rexpressing mutant 
forms of eIF-2a cDNA in transfected cells. Inhibition of translation of 
either Adenovirus- or plasmid- derived mRNAs by the eIF-2a kinase, 

DAI, is mitigated by overexpression of mutant eIF-2a subunits where 
the putative targets ofphosphorylation, Ser48 or Ser51, are altered to 
Ala. Substitution of Ala for Ser51 prevents eIF-2a phosphorylation in the 
endogenous eIF-2 complex formed by an efficient exhange with the free , 
overproduced mutant eIF-2a on Ser51, but reduces the negative effect of · 
phospho Ser51 by an unknown mechanism. Using these methods, we 
show that eIF-2a phosphorylation contributes to the inhibition of protein 
synthesis seen in mammalian cells stressed by heat. The 
phosphorylation of eIF-4F, eIF-4B and eIF-3 result in activation of 
translation, possibly by altering their interactions with mRNA and with 
one another. · 

eIF-5A (Formerly eIF-4D) is uniquely modified by spermidine to 
form a lysine derivative, hypusine. We have cloned two yeast genes that 
eneode eIF-5A and have shown that at least one of these must be active 
to suppÓrt cell growth. Purified yeast eIF-5A functions in the 
mammalian assay for methionyl-puromycin formation, and the human 
cDNA complements the double null mutation in yeast. A mutant form 
where Arg replaces Lys51, the site of hypusination, accummulates in 
yeast cells and is not modified, as expected. This Lys51 Arg mutant fails 
to function in yeast, suggesting that the hypusine modification is 
essential for the function of eIF-5A in vivo . 
(Supported in part by NIH grant GM22135). 
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TRANSb\TION OF BICISTRONIC mRNA CONSTRUCTS 

William C. Merrick, Donald D. Anthony and Diane L. 
Hughes 

Department of Biochemistry, School of Medicine. 
Case Westernº Reserve University, Cleveland, Ohio, 
U.S.A. 44106-4935 

In the past few years, evidence has accumulated that indicatcs 

that there are alternate schemes to the standard Kozak scanning 

hypothesis for the initiation of translation. One such scheme is 

referred to as interna! initiation and suggests that binding of the 

40S subunit is to an interna! portion of the mRNA, not at it's 5' 

end. The best studied examples are polio virus anci EMC virus . 

The second scheme is termed re-initiation and proposes that the 

40S subunit remains attached to the mRNA after termination of 

an upstream open reading frame (ORF) and scans down th c 

mRNA to initiate a second reading frame. The system rno ~ l 

studied to date and consistent with this mechanisrn has been til c 

translationally controlled expression of GCN4 mRNA in yeast. In 

order to test these non-traditional initiation schemes for 

initiation factor requirements, we have used severa! different 

bicistronic mRNAs which are illustrated in the figure on the next 

page. 

These constructs were translated in vitro using a nuclease 

treated reticulocyte Iysate supplemented with initiation factors 

and/or m7GTP. Severa! simple observations were made . First , 

the effect of added factors on interna! initiation (translation of 

ORF-2) was qualitatively similar to the translation of ORf<'-1 in an 

uncapped mRNA. Second, added eIF-4F and/or eIF-413 

preferentially enhanced the translation of ORF-2 in capped 

Fundación Juan March (Madrid)
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mRNAs and both ORF-1 and ORF-2 in uncapped mRNAs. These 

general observations were interpreted to indicate that both elF-

4F and elF-48 participate in internal initiation, but that usually 

m 7G cap-dependent initiation is more efficient and consequently 

the mRNA specific factors tend to be sequestered at the 5' end of 

capped mRN As. 

A second series of experiments examined the interaction of 

translation factors with ribosomes as monitored by gel filtration. 

In contrast to previous studies which used sucrose gradients for 

analysis and found either eIF-2 (as the ternary complex) or elF-

3 associated with 40S subunits, most of the individual factors 

were found associated to sorne degree with the salt-washed 

ribosomes (40S, 60S or 80S ribosomes were n(jt resolved). While 

these represent highly artificial studies (i.e. possible competing 

proteins aren't present), severa! possible new interpretations 

are: 

1. The mRNA specific factors (especially eIF-4F) could bincl to 

the 40S subunit before binding the mRNA. 

2. rRNA is Iikely to be part of the site on the ribosome 

recognized by the translation factors (not just protein

protein interactions). 

3. eIF-4B appears to contain a ribosome-dependent ATPase 

act1v1ty and is therefore a likely candidate to facilitate 

mRNA scanning. 

This work was supported rn part by a medica( scientist training 

grant (NIH T32-GM-07520 to D.D.A.) and an NIH research grant 

(NIH GM-26796 to W.C.M.). 
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TOWARDS UNDERSTANDING THE MECHANISM OF THE 
INTERNAL BINDING OF RIBOSOMES TO PICORNAVIRUS 
RNAs 

V. Agol, A. Gmyl, S. Maslova, E. Pilipenko, Y. 
Svitkln 
Institute of Poliomyeli tis and Viral 

Encephal it ides, the USSR Academy of Hedical 

Sciences, Hoscow Region 142782; and Hoscow 

State University, Hoscow 119899, USSR 

The initiation of translation on picornavirus RNA templates 

is accomplished through cap-independent interna! binding of 

ribosomes . Data will be reported strongly suggesting that two 

appropriately spaced cis-acting elements in the 5'-untranslated 

regio_!) of the viral RNA, an oligopyrimidine block (UUUCC) and a 

cryptic AUG, are involved in the template/ribosome recognition. 

Extended oligonucleotide linkers (23-46 bases long) were 

inserted into the full-length viral RNA just downstream of the 

UUUCC element. This resulted in a considerable decrease in the 

RNA in vitro protein-synthesizing activity. In severa! cases, 

viable insertion mutants have been obtained, but the viruses 

exhibited a decreased growth potential. Upan their reproduction 

in the cultured cells, the original mutants were very soon 

displaced by pseudorevertants, demonstrating a (partial) 

restoration of the both reproductlve capacity of the virus and 

template activity of its RNA. Striklngly diverse genetlc 

al terations were found within, or around, the inserts . With no 

exp:eptions, however, the revertant genomes had ei ther ( i) 

deletions (with diverse boundaries) inside the inserts 

(sorne times al so extending in to nearby viral nucleotides), or 

( i il AUG-genera ting point mutations ( again a t different 

positions inside, or around, the inserts). In both cases, the 

proper arrangement of the UUUCC/AUG tandem was restored . 

Sometimes , the revertants also acquired additional point 

mutations resulting in the destabilization of the secondary 
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structure around the relevant AUG . Taking into account t.hat, in 

the natural entero- and rhinoviruses, both the UWCC and the 

cryptic AUG at position 586 with the surrounding bases, exhibit 

complementarity to the 185 ribosomal RNA , it is proposed that 

the interna! binding of ribosomes involves direct interaction of 

their RNA with the viral template; in other words, we are 

considering the oligopyrimidine tract as an analog of the 

prokaryotic oligopurine Shine-Dalgarno sequence. However, our 

res ul ts demonstra t ed tha t, in the distinc tion with the 

prokar yo tic s ystems, the position of t he UUUCC sequence r e l a ti ve 

to the preceding cis-element should be strongly fi xed and the 

AUG triplet involved should not necessarily serve as the 

initiation codon. 

To verify the significance of the combination of two 

appropriately spaced elements, UWCC and AUG (placed within the 

proper context), a specially designed, cryptic AUG-containing 

linker was inserted downstream of the natural UWCC; as a 

r,sult, large-plaque-forming progeny was obtained just upon the 

primary transfection . Moreover , a dead construct lacking the 

entire conserved secondary struc ture domain encompassing the 

natural cryptic AUG, could be revived by inserting, in place of 

this domain, the above AUG-containing non-viral 1 inker . 

Implications of the observed phenomena for the mechanism of the 

int e rnal initiation on the pi cornaviral t e mplates will be 

disc ussed. 
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STRUCTURAL ANO FUNCTIONAL ANALYSIS OF THE 
RIBOSOME LANOING PAO OF POLIOVIRUS: IN VIVO ANO 
IN VITRO TRANSLATION STUOIES 
N. SONENBERG, R. NICHOLSON ANO K. MEEROVITCH. 
Department of Biochemistry, McGill University, 
Montreal, P.Q. Canada H3G 1Y6 

The naturally uncapped genomic and messenger RNAs of 
poliovirus initiate translation by an internal ribosome 
binding mechanism. The mRNA 5' untranslated region (UTR) 
of poliovirus is approximately 750 nucleotides in length 
and has six to eight (depending on the serotype) AUG codons 
upstream of the initiator AUG. The sequence required for 
internal ribosome binding has been termed "Ribosome Landing 
Pad" (RLP) or "Interna! Ribosome Entry Site" (IRES). To 
better understand the mechanisms of internal initiation we 
have deterrnined the boundaries and critical elements of the 
RLP of poliovirus type 2 (Lansing strain) in vivo. By 
using deletion analysis we dernonstrate the existence of a 
core RLP in the poliovirus mRNA 5 1 UTR whose boundaries are 
between nucleotides 134 to 155 at the 5' end and 
nucleotides 556 to 585 at the 3 1 end. Sequences flanking 
the core RLP effect translational activity. The importance 
of several stem-loop structures in the RLP for internal 
initiation has been determined. Mutation of the 
phylogenetically conserved loop sequences in the proximal 
stern-loop structure of the RLP (nucleotides 127-165) 
abolished internal translation. However, deletion of the 
second stern-loop in the RLP (nucleotides 189-223) reduced 
internal translation by only 50%. Internal deletions 
encornpassing nucleotides 240 to 300, 350 to 380, or 450 to 
480, predicted to disrupt the third and fourth stern-loop 
structures in the RLP, also abrogated internal initiation. 
Smali point rnutations within a short polypyrimidine 
sequence, highly conserved arnong all picornavirus abolished 
translation. A conservation of distance between the 
conserved polypyrirnidine tract and a downstream AUG could 
play an important role in the rnechanism of internal 
initia tion. 

Fundación Juan March (Madrid)
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FUNCT 1 ON--OF THE 1 RES ELEMENT OF P 1CORNAV1 RUSES 

Eckard Wfmmer, Christopher Hel len, Sung Key Jang, 
Mark Litterst, Aktheruzza1T111an Mol la, Aniko Paul, 
Tatjana Pestova, and Gary Witherel I; Department 
of Mlcroblology, School of Medicine, SUNY at Stony 
Brook, Stony Brook NY 11794, USA 

The interna! rlbosanal entry sita (IRES) of the plcornavlrus 
genome Is an extended sequence up to 420 nucleotides long, thai· 
is located in the 5 1 non-translated region (5 1 NTR) and confers 
to picornavirus mRNA the property of cap-independent translation 
and Interna! rlbosanal entry. We are focusing our studies on 
IRES elements of encephalomyocarditis virus CEMCV) and 
poi iovirus, type 1 CPVl). We have defined the borders of the 
IRES elerrent In EMCV, and we are studying the contrlbutlon of 
structur?ll elements of t_wo IRES elements to the i r funcj"ion in 
vivo and in vitro. Two subjects are of part icular interest to 
us: 

(i) The binding to the IRES, and the function, of the novel 
ce 1 1u1 ar RNA b i nd i ng prote in prote in, p57. Th is pro-te in is 
essential for trar.s!ation in vitrn of both Eí•1CV and PVl mRNAs, 
but it is non-essentiai for transiation of giobin mRNA. 
Accord i r.g 1 y, p57 does not b i nd to g 1 ob in mR_NA. On the other 
hand, we have observed that p57 can bind to more than one 
structural eiement ot the EMCV IRES. in PVl 5 1 NTR we have so far 
determined a single binding site for p57. 

(i i) The selection of the initiating AUG"codon within the 
poi iovirus and EMCV 5 1NTRs. Through the construction ot point 
mutations and deletions we have come to the concluslon that an 
AUG triplet preceded by ~n oligopyrimidine (Yn) tract Is 
essential for IRES function in EMCV and PVl RNA, regardiess of 
whether the AUG tripiet serves as initiating codon fer 
oolyprotein synthesis. Whereas in EMCV the Yn-Xm-AUG unit (where 
Xrn qeneral ly in picornavirus RNA is a segrnent of 15 to 25 
nucleotides separating Yn from the AUGl contains the initiating 
/\UG , in PV1 ')'tffR this unit is located 154 nt upstream from the 
in i ti at i ng AUG. rhe reason t hat the Yn-Xm-AUG un i t of PV 1 is not 
uscd in translation is the ooor context of its AUG (a.JU AUG Gl. 
Conversi on of this contaxt to ACC AUG G "actlvates" this AUG 
1; '1 k h 1 iFJds to the syn thes is of a 61<0 prote in, as expected from 
;-: ,·: ¡; .-.-.. -;¡ .-;t od readir: '..1 fr.J r . ~ ~ in this r ogion. lntroduction of this 
r.i:! l·¡i·rion into PV1 cDIJA leads to a mutant vir-us with a smali 
plaque phenotype. Basad on these and other data we wl 11 present 
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a unifying hypothesis as to the selection of the site in 
picornavirus 5 1 NTR where polyprotein synthesis commences. 

Mutations (deletions, insertions, point mutations) in Yn-Xm-AUG 
or in sequences preceding this unit produced an unexpected 
complexity of in vitro phenotypes. lt is clear that the 
sequences immediately upstream from the Yn-Xm-AUG unit of EMCV 
are also crucial for IRES function. Whereas most structural 
elements of the EMCV IRES seem important for function in 
dicistronic constructs in vitro, we have found ene site that 
tolerates insertions as long as 120 nt. 

Us i ng the pro~nstity of IRES elements t o prometa inte rna l 
r!bosomal entry we have constructed a dicistronic poi iovirus 
genane with the novel property of two independe ntly r egulated 
reading trames. A viable poi iovirus was generated with the 
genotype: [PV1]5 1 NTR-Pl-[EMCV]5 1NTR-[PV1]P2-P3-3 1NTR. The 
properties of this mutant, which has a smal 1 pleque phenotype, 
and the properties of derivatives thereof, wil i be discussed. 
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THE NOVEL MECHANISM OF INITIATION OF 
TRANSLATION OF PICORNAVIRUS RNAs 

Richard, J. Jackson, Andrew Borman, Michael 
T. Howell, and Ann Kaminski. 

Department ofBiochemistry, University of 
Cambridge, Tennis Court Road, Cambridge CD2 
lQW, U.K 

The 5'-untranslated region (5'-UTR) of animal picornaviruses contain 
a segrnent of sorne 450-500 nt. that acts as an internal ribosorne entry site 
(!RES). The initiation of translation of these RNAs takes place by a 
rnechanism in which ribosornes bind directly to this IRES rather than sean 
the RNA from the physical _5'-end, as is thought-to occur with all capped 
mRNAs. In respect of sequence homology in the IRES elements, the main 
picornavirus genera fall into two groups: (i) entero- and rhinoviruses; (ii) 
foot ana rnouth disease virus and the cardioviruses. In the second group, 
the IRES is the -450 nt. irnmediately upstream of the authentic initiation 
codon; whereas the IRES of the entero-/rhinoviruses extends from about nt. 
100 to nt. 560, and does not abut the authentic initiation site. A further 
difference between the two groups is that translation of cardiovirus RNAs 
in the rabbit reticulocyte lysate systern is highly efficient, whereas the 
entero-/rhinovirus RNAs are very inefficient. However, the entero
/rhinovirus RNAs are efficiently translated in extracts from HeLa cells, 
and factors can be isolated from HeLa cells which, when added to 
reticulocyte lysates, greatly stimulate the translation of these RNAs. 

We have examined the local determinants of the ribosome entry si te of 
cardiovirus RNAs, by using clones in which the 5'-UTR of 
encephalomyocarditis (EMCV) RNA are fused to an appropriate reporter 
gene in vectors carrying a bacteriophage T7 RNA polymerase prornoter. In 
uitro transcripts of these clones were translated in the rabbit reticulocyte 
lysate. The results show that ribosornes initiate translation almost 
exclusively at the authentic initiation site (AUG-11), and ignore a nearby 
out-oUrarne AUG codon (AUG-10) which is located 8 nt. upstrearn of AUG-
11 (and is found only in a sorne, but not all, cardiovirus strains). This result 
argues strongly that ribosorne 'enter' and bind directly at AUG-11, and do 
not select this AUG by scanning from an usptream entry site. An analysis 
of the translation of deletion and insertion mutants suggests that the 
interna! entry mechanism selects AUG-11 rather than AUG-10, partly on 
the basis of hte distance of AUG-11 from upstrearn rnotifs, and in part 
be cause of local sequence fea tu res around A UG-11 that ha ve not yet been 
fully identified. 

The same general experimental approach has been used to map the 
limits of the IRES elements in both poliovirus (an enterovirus) and in 
human rhinovirus. In these experiments, dicistronic constructs were used 
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in which the viral 5'-UTR (or deletion mutants of this UTR) was inserted 
between the two cistrons, and the influence of this insertion on the 
translation of the downstream cistron was examined. When the rhinovirus 
5'-UTR was used, translation of the downstream cistron was almost 
completely dependent on supplementing the reticulocyte lysate with HeLa 
cell factors. The 3'-boundary of the rhinovirus IRES was mapped to a 
region between nt. 554 and 562; a deletion from the 3'-end of the UTR to nt. 
562 allowed efficient translation of the downstream cistron, whereas a 
deletion to nt. 554 did not. 

Similar results were obtained using the 5'-UTR of poliovirus type 1, 
but in this case there is the complication of a second, additional, IRES 
element extending from a 5'-boundary mapped to between nt. 579 and 595 
and a 3'-boundary located upstream of nt. 670 . This second IRES element 
can promote translation of the downstream cistron of dicist.ronic mRNAs 
in the reticulocyte lysate system, but as such translation is not responsive 
to HeLa cell factors, there is sorne question as _to whether this second IRES 
has physiological significance. The physiologically relevant IRES in entero
/rhinovirus therefore seems to extend from about nt. 100 to about nt. 560. 
This IRES promotes ribosome entry at about nt. 570 - 580, and from this 
entry site the ribosornes appear to sean the RNA in the usual 5'-3' 
direction, following the normal 'rules' of the scanning ribosome model, 
until the authentic initiation site is reached, at nt. 611 in rhinovirus , or nt. 
7 43 in poliovirus. 

Thus the models for interna! entry on RNAs of the cardiovirus group 
and those of the entero-/rhinovirus group are essentially similar except 
that interna! ribosome entry is followed by scanning only in the case of the 
entero-/rhinoviruses. The essential features of the IRES in ali picornavirus 
seem to be a complex secondary/tertiary structure comprising at least 400 
nt., followed by a pyrimidine rich tract, which is itself located sorne 25 nt. 
upstream of the actual ribosome entry site. In addition, sequences at the 
ribosome entry si te itself may have a quite strong influence on the efficiency 
and the precise si te of interna} ribosome entry. 
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TRANSLATION OF FOOT AND MOUTH DISEASE VIRUS 
RNA 

D.J. Rowlands, A.R. Carroll. B.E. Clarke & D.V. Sangar 

Department of Molecular Sciences. The Wellcome 
Foundation. Langley Court. Beckenham Kent BR3 3BS. 

Several features of the structure and organization of the genome of 
FMDV serve to distinguish it from those of other picornaviruses. Instead 
of the single species of VPg found in other picornavirus, the 5' terrrúnal 
nucleotide of each FMDV RNA is linked to one of three independently 
coded, different VPg molecules, the sequences of which are highly 
conserved across different serotypes of the virus. The 5' UTR is c 1300 
nucleotides in length and includes a poly C tract of up to 200 nucleotides 
preceded by a region of ~ 400 nucleotides which appea'rs to possess a high 
degree of secondary structure. To the 3' side of the poly C tract there is a 
region which can be folded into a number of pseudoknot domains, the 
number of these domains varying between different viruses. The 
remainder of the 5' UTR, between the pseudoknots and the initiating AUG, 
can be folded into a structure similar to that of the interna! ribosome entry 
si te of cardiovirus UTRs and has been shown to funciton as such when 
inserted between open reading frames in a bicistronic message. All 
FMDVs have two inframe initiation codons, separated by 81 nucleotides, 
both of which are functional in vitro and in vivo. Both initiatíng AUGs are 
closely preceded upstream by polypri.midine tracts which have been shown 
to be necessary for efficient translation. The sequences flanking the 
initiating AUGs vary between viruses but the second is always in a 
favourable 'Kozak' context. The first product(s) of translation, the leader(s) 
(Lab & Lb), has been shown to have proteolytic activity and cleaves itself 
from Pl, the precursor to the structural proteins. It can also lead to the 
cleavage of host p220, with consequent inhibition of cap dependent mRNA 
translation. 

Thus the translation of FMDV RNA displays a combination of the 
features of the translation of the entero and rhiboviruses on one hand and 
the cardioviruses on the other. The structure of the FMDV RNA 5' UTR 
resembles that of the cardioviruses and, like them, it is an extremely 
efficient mRNA in vitro. Unlike the cardioviruses, FMDV expresses a 
proteolytic activity which can result in p220 cleavage, as seen in the entero 
and rhinoviruses, albeit that the location of the protease on the genome is 
unique to FMDV. However, the kinetics of protein translation in FMDV 
infocted ce lis do not show the dramatic shutt off of host protein synthesis 
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seen with, for example, poliovirus, but simply swops from host to virus 
protein synthesis during the course of virus replication. Among the 
unanswered questions relating to the translation of FMDV RNA are; the 
significance (if any) of the pseudoknot domains, the function of the poly e 
tract and the preceding heteropolymeric region; why are there always two 
initiation si tes? and what is the significance of the induction of p220 
cleavage?. 
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TRANSLATION INITIATION BY INTERNAL 
RIBOSOME BINDING OF VIRAL AND CELLULAR 
mRNA MOLECULES IN EUKARIOTIC CELLS. 

Peter Sarnow, Simon Hambidge and Soo-Kyung OH. 
Department of Biochemistry, Biophysics and 
Genetics, University of Colorado HSC, Denver, 
Colorado, USA. 

A ribosome scanning model has been proposed to explain the initiation of 
eukaryotic mRNAs. In this model, binding of the 43S ternary ribosomal 
subunit near or at 5' end of the mRNA is facilitated by a concerted 
interaction between the m' GpppN cap-structure at the end of the mRNA 
and the cap binding protein complex eIF-4F. However, picornaviral 
mRNAs do not possess a 5'terminal cap-structure and have been shown 
to be translated by intemal ribosome binding. 

We have been pursuing two questions: First, is translation by 
interna! ribosome binding regulated in eukaryotic cells? Secondly, are 
there cellular mRNAs that can also be translated by internal ribosome 
binding? 

We have observed that polioviral translation initiation by interna[ 
ribosome binding is enhanced in infected cells. To identify the viral 
transactivator, we cotransfected a reporter plasmid, containing the 
promoter for T7 RNA polymerase upstream of the 5' noncoding region of 
poliovirus linked.to a firefly luciferase gene, together with effector T7-
plasmids containing various parts of the poliovirus cDNA, into a cell 
line, OST7 (Elroy-Stein and Moss, PNAS 87: 6743-6747), that contains a 
stably integrated gene for T7 RNA polymerase. We observed that 
translation products derived from the effector plasmids enhanced 
translation of the reported m.RNA. Using this assay, we have found that 
the viral polypeptide 2A is responsible for transactivation of polioviral 
RNA translation in mammalian cells. 

We have found that three cellular mRNAs, encoding the 
immi,moglobulin heavychain binding protein (BIP) and, and more 
recently, the homeotic Antennapedja (Antp) and Ultrabithorax (Ubx) 
proteins of Drosophila melanogaster. can be translated by interna! 
ribosome binding in cultured cells. Specifically, we ha ve shown that in 
vitro-synthesized dicistronic mRNAs containing various parts of the 
An1Q and !lbx.-5'NCRs as intercistronic spacers (ICS) between the 
chloramphenicol acetyltransferase (CAT) and luciferase (LUC) coding 
regions mediated the translation of the second LUC cistron by interna! 
ribosome binding in cultured cells. 
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The finding that 5' NCRs of two homeotic genes of Drosophila 
melanogaster are capable of translational initiation by interna! 
ribosome binding explains severa! observations about the structure of 
these genes. For example, the 5' NCR of antennapedia mRNA contains 
1740 nucleotides spanning three exons and includes 15 upstream AUG 
codons that are not used for translation initiation. We have identified a 
single exon containing 250 nucleotides that mediates interna! ribosome 
binding. This sequence is highly conserved at the nucleotide level 
between different Drosophila species. The gene product of this mRNA, 
the antennapedia protein, regulates segmenta! indentity in the thorax 
of the fruit fly. Loss of antennapedia function can result in altered 
development of the segments in the thorax or can cause legs to be 
transformed into antennae. Currently, we are determining at what 
stages during the development in the fruit fly this unusual 
translational regulation may occur. 
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eIF-4F DEPENDENCE OF TRANSLATION OF MONO- A.J'\ID 
BICISTRONIC MESSENGERS 
Adri A.M. Thomas, Gert C. Scheper and Harrv O. Voonna 
Department of Molecular Cell Biology, University of Utrecht, 
Transitorium 3, Padualaan 8, 3584 CH Utrecht, The Netherlands 

The trauslation initiation on capped cellular mRNAs depends on a number of initiation 
factors of which eIF-4A, eIF-4B and eIF-4F play a crucial role in the binding of the 
messenger to the 40S ribosomal subunit. These factors are capable to unwind .the 
secondary structure of the 5' untranslated region, 5' UTR, of the mRNA, which 
facilitates the subsequent binding of the 43S preinitiation complex. eIF-2 takes part 
in the selection of the initiation regio!l surrounding the A.UG codon. The eIF-4E 
subunit of elF-4F binds to the cap of the mRNA allowing the other faétors to bind as 
well. 
As a logical consequence of this eIF-4F function one may postulate that eIF-4F <loes 
not play a role in cap-independ.c;nt translation. This problem has been encountered by 
the construction of a bicistroníc mRNA, consísting of the 5' capped coding region of 
eIF-4AI, followed by the 5' UTR of EMC :md the reporter gene CA T. 
In order to measure the eIF-4F dependence of translation of these two cistrons, wr. 
included in the cell free translation system the messenger comprising the 5' UTR of 
FMDV followed by the coding region of the L' protease, that cleaves the p220 of elF-
4F. Translation of this L'-mRNA prior to the translation of the bicistronic mRNA 
results in complete inhibition of elF-4A synthesis, the upstream cistron, whereas CAT
synthesis on the downstream cistron is virtually unchanged. 
Another construct, comprising the adenovirus TPT-leader followed by the CA T gene 
has been translated under similar conditions. 
From literature data it is known that late adenovirus messengers are translated in 
poliovirus-infected cells, suggesting a cap-independent translation. To our surprise the 
co-translation assay as described, with L'-mRNA and TPT-CAT-mRNA resulted in 
a seyere inhibition of CAT synthesis indicating a dependence on intact p220 in these 
assays. In vitro translation also revealed a complete dependence of capped TPT-CAT
mRNAs on elF-4F and indicates that no cap independent translation initiation takes 
place on TPT-carrying mRNAs. 
It may mean that elF-4F independent translation in vivo, in polio- and adenovirus 
double-infected cells is brought. about by aclcno- or poliovirus-encoded proteins. 
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1RANSLATION OF CELLULAR AND VIRAL mRNAs IN 
POLIOVIRUS-INFECTED CELLS. Elizabeth Wyckoff, John 
Gebhard and Ellie Ehrenfeld, Department of Cellular, Viral and 
Molecular Biology, University of Utah School of Medicine Salt Lake 
City, UT 84132 U.S.A. 

Poliovirus infection of HeLa cells causes a marked and rapid inhibition of host cell 
protein synthesis, which correlates with the cleavage of the p220 subunit of the 
translational initiation factor, e1F-4F. eIF-4F is a multi-subunit protein which binds to the 
m7G cap group on the 5'ends of capped mRNAs, and which is involved in RNA 
unwinding, presu.mably to facilitate.f.bosome binding to the mRNA and scanning to the 
initiating AUG codon. The poliovirus-induced cleavage of the p220 subunit is thought to 
inactivate eIF-4F so that cellular mRNAs cannot be translated, while the uncapped 
poliovirus RNA is translated by a cap-independent mechanism. The poliovirus-encoded 
2A protease is required for cleavage of p220, but does not itself cleave p220. A current 
model is that 2A activates an unidentified, cellular protease which then cleaves p220. 

An assay was developed to identify additional proteins required for the 2A-induced 
cleavage of p220. Using this assay, we showed that an activity present in highly purified 
preparations of another translational initiation factor, eIF-3, is required for 2A-dependent 
cleavage of a partially purified p220 substrate. dF-3 shows no detectable structural or 
functional modifications in poliovirus-infected cells, or after incubation with bacterial 
extracts that express active 2A protease. In addition, eIF-3 is also required for p220 
cleavage catalyzed by partially purified preparations of the activated p220 cleavage activity 
in poliovirus-infected cells. The exact role of eIF-3 in the cleavage reaction is under 
investigation. 

Inactivation of the cap recognition system is an effective means of specifically 
inhibiting host cell protein synthesis since poliovirus RNA is not capped, and therefore 
must initiate translation by another mechanism. Others have demonstrated that ribosome 
binding to picornavirus RNAs occurs via an interna! entry site. It is highly likely that 
cellular or viral proteins assist in this forrn of ribosome binding. We have used UV 
crossl_.i.nking to detect Hela cell proteins that interact stably with the 5'noncoding region of 
poliovirus RNA, and to localize their binding si tes on the RNA. At least four major 
protein-RNA complexes were identified. One binds RNA sequences or structures located 
between nucleotides 457-626; two interact with nucleotides 286-456; one was not 
mapped. The effects of these protein-binding domains on translation were mca.sured by 
RNA comp~tition assays. The results indicate that nucleotides 286-456 bind proteins that 
are specific for poliovirus translation and which are present in Hela cells but not in 
significant amounts in rabbit reticulocyte lysates. The downstream domain (nts 457-626) 
binds general translation factors, required for translation of ali mRNAs, present in both 
rabbit reticulocytes and Hela cells. 
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ALTERATIONS IN PRtJfEINS INVOLVED IN 
TRA'.·JSU\TlO\ IN FDLIOVIRU.S-IMFECTED CELLS 

Diane Etchison, Raymond. Cologna and Mary Hayes 
Department of Microbiolo$)' · 
Un1versity of Kansas Medica! Center 
!\ansas City, Kansas U.S.A. 

Monoclonal antibodies have been used. to identify alterations 
in cellular proteins following ~liovirus infection. Two such 
alterations have now been identified; cleavage of the p220 
subunit of eIF-4F, and. an alteration in an apparent cytoskeletal 
protein which partially co-purifies with &\!A-hindi~ activity and 
eIF-4B. We are using antibOdy approaches to study interactions 
of p220 with other initiation factors in arder to determine its 
function. We are just beginning to characterize the cytoskeletal 
anti~en and. its possible relation to changes in translation. 

Poliovirus-induced cleava,i;te of a 220,000 kDa polypeptide, 
later determint:rl . to be a_subunit of the cap-bii:iding complex 
eIF-4F, Has or1g1nally discovered usl.ng an antiserum which had 
been raised against a ~ified eIF-3 preparation. Co-purifi
cation suggested a complex between the two factors, an idea 
sunported by the more recent demonstra"l:ion that a cap-binding complex 
can be_purified from uninfec-¡;ed cells which consists of both eIF-3 
and eIF-4F polypeptides. No similar complex can be purified from 
infected cells. These results suggest that an eIF-3/4F complex might 
be a functional intermediate duri~ translational initiation which 
mediates mRNA binding to the 40S ribosomal subunit and. that p220 
cleavage might dissociate this complex. To determine whether p220 
forros a complex with eIF-3 on the 40S ribosomal subunit, cell lvsates 
harvested at different times after infection were analyzed on si..tcrose 
gradients for eIF74F and. eIF-3 using lllOQOClonal.antibodies. EL.ISA and. 
immunoblot detection of p220 and. the p1·10 suburut of eIF-3 have 
confirmed that a portian of the p220 in uninf ected cells is associated 
with the 40S subunit and. that by 2 hrs po¡,>t-infection cleaved p220, 
but not pl70, is completel:y dissociated . A natural affinity of the 
eIF-3/4Fcomplex for purified 40S subunits in the absence of other 
factors was demonstrated by a gradient shift assay of p220 and pl70 
antigens. Thus eIF-3 and eIF-4F indeed form a complex which read.ily 
binds to 40S subunits. The complex is labile, however, and can be 
dissociated by DEAE chromatograpby or by sedimentation on sucrose 
gradients in 500 mM ~alt. Association with 40S subunits appears to 
require a "pre-assembled" form of the eIF-3/4F complex. Aiter 
se~tion of eIF-3 and eIF-4F by DEAE chroma.tograj:lhy~ p220 no longer 
shifts to the 40S region of sucrose gradients w1th ell<-3. Thus the 
complex between eIF-3 and. eIF-4F is not due to non-specific 
interactions. Its forma.tion is likely to be an early event in 
fonnation of the initiation complex containing capped mRNA which is 
abolished by cleavage of p220. 

The monoclonal antibody approach to determining differences 
in host cell proteins f ollowing poliovirus inf ection has revealed 
another alteration. An antibody raised against a partiall:y-
puri fied eIF-4F pre~tion recognizes a heterogeneous antigen 
which becomes reduced in size in poliovirus-infected cells. 
ünljke p220, this antigen (referred to as 25 C Cl) is not altered 
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THE INHIBITION OF HOST PROTEIN SYNTHESIS 
BY PICORNAVIRUSES. 
L. Carrasco, F. Martinez-Abarca, L. Perez, J. Lama,A. 
lrurzun & P. Rodriguez. 
Centro de Biologia Molecular. Universidad Autónoma. CSIC-UAM. 
Canto Blanco. 28049 Madrid. 

Picornaviruses are good models to analyze strategies used by animal 
viruses to interphere with host protein synthesis. In this regard both poliovirus and 
EMC virus have been intensively studied. Different mechanisms may operate in the 
inhibition of host translation by these two viruses. Thus, EMC virus can inhibit host 
translation by altering membrane permeability to cations. In favor of this suggestion 
evidence was found in cell-free systems that ions are the only effectors able to 
increase translation of picornavirus mRNAs at the same time that block translation 
of most cenular mRNAs. In addition, a good correlatiorf exists between the shut-off 
of host translation by EMC virus and the ionic modifications found in the cytoplasm 
of EMCV-infected cells.Moreover, in this system shut-off can be reversed by 
modifying the ionic concentration. Finally, agents that modify the cell membrana, 
like ionophores, inhibit cellular protein synthesis in intact cells, whereas viral 
translation is more resistant. Therefore, picornavirus mRNAs have evolved special 
structures in the non-coding sequence of their messenger in order to initiate 
translation by a mechanism which is more efficient under ionic conditions that are 
harmful to cellular translation 

A cellular protein that forms part of the cap binding complex , p220, is 
cleaved after poliovirus infection. lt has been hypothesyzed that this event is 
responsible for the shut-off of translation inferred by poliovirus. However, 
increasing evidence indicates the lack of correlation between p220 cleavage and 
the drop in protein synthesis. Thus, detailed kinetic analyses show that intact p220 
cannot be detectad at times when host translation is not inhibited. The use of 
selectiva inhibitors of poliovirus ANA replication provides an additional means to 
dissociate p220 cleavage from shut-off. Finally, conditions were found that 
prevented the inhibition of host translation by poliovirus, but still p220 was cleaved 
by poliov,irus under those conditions. The contrary situation i.e. inhibition of cellular 
translation with no p220 cleavage has been reported for a poliovirus mutant in 
protease 2A ( Bernstein et al., J. Viro!. 5, 2913 ( 1985 )). Therefore,additional 
studies are needed to know in detail both the exact mechanism and the poliovirus 
protein responsible for shut-off. 

To identify the poiiovirus protein involved in membrane modification and 
also the viral protein responsible for shut-off, we have cloned in eukaryotic vectors 
each individual poliovirus non-estructural protein. These proteins have already 
been efficiently expressed in E. coli systems.These constructions will be transfered 
to eukaryotic inducible vectors in order to express them upon induction in selected 
mammalian cell clones.Progress of this work will be presented. 
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TRANSLATIONAL CONTROLS IN CELLS 
EXPRESSING REOVIRUS GENES 

Aaron, J. Shatkin, Eduardo Fajardo, Ramona Lloyd, 
Laurie Seliger and Lucía E. Tillotson 

Center for Advanced Biotechnology and Medicine, 679 
Hoes Lane, Piscataway, NJ 08854 (U.S.A.) 

The Sl gene in all three reovirus serotypes codes for two distinct 
polypeptides by translation of a single mRNA containing a short open 
reading frame nested within a longer one. In reovirus-infected cells and 
in cell-free systems the serotype 3 Sl mRNA species directs synthesis of a 
49 Kd hemagglutinin (a 1) from the tap-proximal AUG located 13 
nucleotides from the 5' end. The next AUG, 58 nucleotides further 
downstream, corresponds to the initiator codon of a non-structural 
polypeptide, pl4. Bicistronic mRNAs are also utilized by a variety of other 
animal viruses including adeno-, myxo- and paramyxoviruses. In 
addition, sorne cellular mRNAs code for more than one protein by 
initiation at different AUG's. To determine how Sl mRNA would function 
in the absence ofvirus infection, mouse Cl27 cells were stably 
transformed with a DNA copy ofthe Sl gene. Both al and pl4 were 
produced by translation of a full length transcript, demonstrating that 
uninfected animal cells have the capacity to express overlapping reading 
frames in a bicistronic mRNA. 

Transient expression of the Sl gene in COS cells was used to assess 
the effects of initiation at the al AUG on the expression of the 
downstream, pl4 reading frame. As predicted from the modified 
scanning model, minor sequence changes that diminished the consensus 
around the al initiator site enhanced the synthesis of pl4. For example, 
DNA containing the al initiator in an optimal context, GCC GCC ACC 
ATGQ, yielded barely detectable amóunts of pl4, and conversion of the 
sequence to GAA AAA G'IT ATGG markedly increased pl4 production. 
Maximal pl4 levels were obtained in the absence of al synthesis, i.e. 
when the al AUG was mutated to UUG or a termination codon was 
inserted in the al reading frame before the pl4 initiator. In contrast to 
pl4 synthesis, the different initiation efficiencies at the al AUG were not 
reflected in the al polypeptide yields which were similar with either a 
weak or strong consensus. These results indicate that al synthesis is 
rate-limited ata leve! after initiation, e.g. during elongation due to 
limited availability of certain isoacceptor tRNAs. A regulatory effect of 
codon usage on bicistronic Sl mRNA translation is also suggested by the 
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codon usage on bicistronic 81 mRNA translation is also suggested by the 
finding that the amounts ofp14 relative to o.1 were higher in reovirus
infected mouse L cells than in infected C127 or C08 cells. The results 
suggest that during simultaneous translation of two reading frames in a 
single bicistronic rnRNA, the ribosimes in one frame interfere with 
movement of ribosome in the other frame due to different rates of 
elongation. In 81 mRNA, the basis for cis regulation of p14 production by 
o.1 synthesis may result from pausing of ribosomes in the less efficiently 
translated, longer reading frame. 

The reovirus S4 gene has been implicated in a serotype-dependent 
inhibition ofhost translation in virus-infected L cells. 84 codes for 
polypeptide o.3 which binds double-stranded (ds) RNA. As a consequence, 
o.3 may regulate translation by blocking activation of DAI, the dsRNA
activated eIF-2o. kinase. Consistent with this idea, the 84 gene effectively 
substituted for adenovirus V Al in C08 cells expressing dihydrofolate 
reductase under conditions that require inhibition' Óf DAI activation. In 
addition, CAT mRNA translation was increased several-fold when C08 
cells were co-transfected with a DNA copy of the 84 gene derived from any 
of the three reovirus serotypes, presumably also due to diminished 
activation of DAI. Lysates of type 3 infected mouse L cells contained more 
o.3 than type 2 extracts and required addi tion of 5-10 times more dsRN A to 
obtain maximal DAI phosphorylation. These results are consistent with 
the presence of higher levels of activated DAI and greater host 
translational shut off in cells infected at high multiplicity with type 2 as 
compared to type 3 (or 1) reovirus. 

Asan alternative to binding dsRNA, o.3 can form 1:1 complexes with 
the reovirus M2-encoded polypeptide product, µlC. Consequently, DAI
mediated translational regulation in reovirus-infected cells probably 
reflects the ratio of these two polypeptides, i.e. DAI activation can be 
prevented where S4 exceeds M2 expression and o.3 is available to bind 
dsRNA. In agreement with this hypothesis, CAT stimulation by 84 in 
C08 cells was decreased by M2 co-expression. In DNA transfected C08 
cells11 as in reovirus-infected L cells, the M2 primary translation product, 
µ1, was N-terminally myristoylated. However, in C08 cells µ1 was not 
cleaved to µlC unless the 84 gene was co-expressed- -conditions which 
yielded o.3-µlC complexes. Analyses of site-specific mutants indica te that 
myristoylation and proteolytic processing are related. Like adeno, polio, 
influenza and other animal viruses, reoviruses apparently can regulate 
translation in infected ce lis by modulating the activation of DAI and the 
phosphorylation state of eIF-2o.. 
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HIY-1.NDUCED ALTERATIONS OF PLASMA MEMBRANE 
FUNCTION: SELECTlYE UPTAKE OF "IMPERMEANT" 
TRANSLA TIONAL INHIBITORS 

Robert F. Garry 

Department of Microbiology and Jmmunology 
Tulane U niversity School of Medicine 
New Orleans, Louisiana USA 

Human immunodeficiency virus (HJV), the etiologic agent of the AIDS, is 
capable of inducing two types of cytopathic effects in cultured co4+ cells. One type 
of HIV-induced cyto.¡athology involves fusion of the plasma membranes of infected 
cells with other CD4 cells. The multinucleated cells formed as a result of this process 
are incapable of maintaining viability due to an irreversible expansion in volume. A 
second type of HIV-induced cytopathology culminates in death of single cells. The 
envelope glycoproteins of HIV have been implicated in both cytopathic processes. 
The HIV transmembrane glycoprotein can be fitted to the scaffold of the 3A structure 
of the influenza virus fusion protein HA2 while accounting for ali known functional 
and irrununological features (Figure 1). 
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Figure l. Structural similarit~s ~tween tite transmembrane proteins of HIV and influenza virus. 
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Figure 2. lntracellu/ar 86Rb+ /cvels during infection 

with lllV varianls which di/fer in cytopathic 

potential. HuT 78 cclls (RH9 subclone) wcre 
infeclcd wilh HIV variants (HIV-1: SF2, SF13, 
SF33, LAI; HIV-2: UCI) prcviously demonstratcd 
to differ in cylopalhic polcntial or mod::-infeclcd. 
After 48 hrs lhe cclls werc labeled to equilibrium 
with 86R b+, and intraccllular Icvcls of thc 
potassium traccr wcre quantitatcd. Standard error of 
lhe mean of lriplicale samples is represenled by lhe 
error bars. The results indicate lhat mv variants 
wilh a high cylopalhic polential (SF13, SF33, 
LA l) in crease intracellular Rb+ relative to 
mock-infecled cells to a greater extcnt than variants 
wilh Iower cylopathic potcntial (SF2, UCI). 

As with myxoviruses, insertion of HIV envelope proteins (either during direct 
virus-cell fusion or following de novo synthesis) may disrupt cell volume homeostasis 
and cell physiology by modifying plasma membrane "permeability" and altering 
intracellular ion concentrations .. Ultrastruct.ural and bióphysical methoos were used to 
investigate ce!! surface modifications that may result in cytopathology during inf~tion 
of CD4+ T-lymphoblastoid cells. Cytoplasmic vacuolization occurred in sorne cells 
within the first hour after HIV infection, and this correlated with the numbers of 
virions bound at the cell surface. Penetration was exclusively by virion:plasma 
membrane fusion, and resulted in formation of distinct membrane discontinuities, 
pores, and "ballooning". 
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Figure 3. lnhibition o/ protein synthesis in HIV-infected ce/Is 

and mock-infected cells by Hygromycin, an "impermeanl'' 

inhibitor of protein synthesis. HuT 78 cells (RH9 clone) 
were exposed lo HIV or mock-infecled. At 24 hours pi the 
cells were trealed with various concentrations of hygromycin 
as show then labeled with ¡35s]methionine. Incorporation of 
lhe labelled methionine into TCA precipitable material was 
then quantitaled by scintillation counting. Hygromycin B, an 
aminoglycoside antibiotic, is relatively impermeant and 
therefore does not inhibit protein synthesis in mock:-infected 
cells (open symbols). However this compound does inhibit 
protein synthesis in cells rendered more "permeable" by HIV 
(closcd symbols). 

· Alterations of intracellular concentrations of sodium and potassium were also 
observed as an early consequence of cytopathic HIV infection (Figure 2). These 
results suggest that HIV may initiate processes that damage the ccll membrane and 
culminare in death of a subset of infected cells. Furthermore, as a result of 
HIV-induced plasma membrane modifications certain translational inhibitors, such as 
the aminoglycoside hygromycin B, are selectively taken up into infected CD4+ 
lymphoblastoid cclls (Figure 3). These compounds are relatively impermeant to 
uninfected cells, and thcrefore non-toxic. Compounds that are selectively transported 
into HIV-infectcd cells may be developed as AIDS drugs. 
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CONTROL OF TRANSLATION BY THE EPSTEIN-BARR 
VIRUS SMALL RNAs EBER-1 ANO EBER-2 

M.J.Clemensl, P.A.Clarkel, T.Sharpl, 
K. G. Laingl, M. Schwemmle2, J. Schickinger2 and 
K.Hilse2 
1oept. of Cellular and Molecular Sciences, St 
George's Hospital Medical School, London, U.K. 
and 2Institut für Biologie III, Universitat 
Freiburg, Federal Republic of Germany. 

Epstein-Barr virus is a ubiquitous herpesvirus that is 
associated with a number of human malignancies; it can also 
efficiently immortalise human B lymphocytes in vitre. The 
majority of cells becorne latently infected and express only 

.a very limited number of viral genes. Prominent among these 
are two small RNAs, EBER-1 and EBER-2, that are transcribed 
at equal rates but accumulate to different steady state 
levels due to differ.ential rates of turnover. We ha ve 
transcribed these RNAs in vitre using T7 bacteriophage RNA 
polymerase and have demonstrated that both species can play 
a role in the regulation of translational initiation. In 
the reticulocyte lysate system the inhibition of protein 
synthesis by double-stranded RNA is prevented by high 
concentrations of either EBER-1 or EBER-2. This effect is 
believed to be due to the ability of these RNAs to bind to 
the 62 kDa dsRNA-activated protein kinase DAI and to block 
the ability of this enzyme to phosphorylate initiation 
factor eIF-2. Although EBER-1 is 10-fold more abundant than 
EBER-2 in EBV-infected cells the two RNAs appear to have 
approximately equal affinities for DAI and to act over 
similar concentration ranges in vitre. Another small viral 
RNA, adenovirus VAI RNA, behaves very similarly in these 
assays. In contrast, two small human cellular cytoplasmic 
RNAs, Y ,1 and Y 5 , do not rescue the inhibi tion of protein 
synt_hes1s by DAI and do not compete with EBER-1 for binding 
to the kinase. ,, 
In addition to DAI, at least two other proteins bind EBER-1 
- the 46.7 kDa La antigen and the recently described 14.8 
kDa EAP protein. These proteins may be in vol ved in the 
movement of EBER-1 between nucleus and cytoplasm, 
suggesting that the small viral RNAs may have an additional 
nuclear role. 

It has been demonstrated that neither EBER-1 nor EBER-2 is 
required for productive EBV replication or for 
immortalisation of B lymphocytes by the virus in vitre. 
However, since DAI is induced by interferons in mammalian 
cells and acts as one of the enzymes involved in the 
cellular antiviral response, the ability of the EBERs to 
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block its activation may be necessary for the virus to 
evade the host interferon system during the establishment 
of latent infections in vivo. It is therefore of interest 
that interferon treatment can itself affect the synthesis 
and stability of the EBERs in , the EBV-positive Daudi cell 
line. The physiological significance of EBER-1 and EBER-2 
expression and the structure-function relationships of 
these small RNAs .will be discussed. 
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MECHANISM OF SELECTIVE TRANSLATION OF VACCINIA VIRUS 
MRNAS: DIFFERENTIAL ROLE OF POLY(A) AND INITIATION FAC
TORS IN THE TRANSLATION OF VIRAL AND CELLULAR mRNAS. 
R. Bablanian*, S.K. Goswami, M. Esteban, A.K. Banerjee, 
and W.C. Merrick. *Department of Microbiology and 
Immunology, SUNY, Health Science Center at Brooklyn, 
Brooklyn, N.Y. 11203. 

We have recently demonstrated that the poly(A) moiety 
of short RNAs obtained from both in vitro transcription and 
from vaccinia virus (VV) infected cells exhibit a dis
similar effect on the in vitro translation of cellular and 
VV mRNAs (Bablanian et al., 1986; Su and Bablanian, 1990). 
We have investigated th~ role of poly(A), m7GTP, and 
inltiation factors in the ·mechanism . of selective 
translation of VV mRNAs: The effect of unfractionated 
(termed poly (A) un with various cha in lengths up to 3 000 
nucleotides) and a 150-300 nucleotide fraction of synthetic 
poly(A) (termed poly(A) 150_ 300 ) on the translation of HeLa 
cell mRNAs and early and late vaccinia virus (VV) mRNAs was 
studied. Both the poly(Alun and the poly(A) 150_ 3 00 
completely inhibited the translation of HeLa cell mRNAs 
obtained from total cytoplasmic RNA in the nuclease-treated 
reticulocyte lysates . Viral mRNAs from total cytoplasmic 
RNA also were slightly inhibited (15-38%) by the poly(Alun 
whereas, the poly(A) 150_ 300 had no significant effect on 
their translation. The translation of oligo(dT)-cellulose 
selected HeLa mRNAs was as sensitive to inhibition by 
poly(A) 150_ 300 as the mRNAs found in total cytoplasmic RNA. 
However, the translation of oligo(dT)-cellulose selected 
viral mRNAs become more sensitive to the inhibitory effect 
of poly(A) 150_ 300 than the viral mRNAs found in the total 
cytoplasmic RNA. Both HeLa and VV mRNAs became more 
resiptant to the poly(A)-mediated inhibition when these 
mRNAs were deadenylated, but, the relative resistance to 
inhibition by poly(A) 150_ 300 of deadenylated VV mRNAs was 
much greater than that of HeLa cell mRNAs. The translation 
of VV mRNAs was significantly less inhibited than the 
translation of HeLa mRNAs when the cap analog, m7GTP, was 
added to the cell-free system. The inhibition of HeLa cell 
mRNA translation by both poly (A) ur and poly (A) 150 _ 3 0 0 was 
completely restored when poly(A) binding protein (PAB) wa s 
added to the cell-free translational system. The additio n 
of initiation factor 4A (eIF-4A) did not r es t are trans l a tion 
when unfractionated poly(A) was used to inhibit trans-
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CONTROL OF INITIATION IN ADENOVIRUS 
INFECTED CELLS 

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

The initiation of protein synthesis in adenovirus infectad cells is regulated 
during the late phase in two ways. The overall translation rate is maintained by 
a small viral RNA, VA RNA1, which prevents the phosphorylation of initiation 
factor elF-2 by a double-stranded RNA-activated protein kinase, DAI. DAI is 
induced by interferon and plays an important role in controlling protein synthesis 
in infected cells and in establishing the anti-viral state. Many viruses have 
developed mechanisms. to counter and -even exploít the enzyme. DAI is 
activated by double-stranded RNA (dsRNA) produced during viral infection in a 
reaction that involves enzyme autophosphorylation. Once activated, DAI 
phosphorylates the initiation factor elF·2, preventing it from being recycled by 
GEF (the guanosine nucleotide exchange factor, elF-2B) and bringing initiation 
to a hall. The activation of DAI is tghtly regulated : it follows second-o;der 
kinetics, suggesting that two molecules of DAI are involved, and it exhibits a 
rigorous and complex dependence on RNA. Low concentrations of dsRNA 
activate, while high concentrations of dsRNA prevent activation. Small effector 
RNAs, including adenovirus VA RNA, the Epstein Barr virus RNAs (EBERs), 
and a short RNA transcribed from l.he HIV-1 leader region, also prevent 
activation of DAI. 

In addition, the relativa efficiency of translation of host cell and viral 
mRNA populations is regulated in the infected cell during the late phase such 
that viral mRNAs are selectively utilized. Three viral elements have been 
implicated in this process: (1) the 5' leader present on most late viral mRNAs 
which appears to render viral mRNA translation less dependent on initiation 
factor elF-4E; (2) the late protein, 100K, which has mRNA-binding activity; and 
(3) VA RNA which interacts with DAI. The mechanisms under1ying these 
quanHtative and qualitative controls of translation rate will be discussed. 
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SUPPR~SSION OF CELLULAR PROTEIN 
SYNTHESIS BY ADENOVIRUS INVOLVES 
INHIBITION OF CAP-BINDING PROTEIN 
COMPLEX ACTIVITY 

Robert J. Schneider and Jiaoti Huang 

Department of Biochemistry and Kaplan Cancer 
Center, New York University Medical Center, New 
York, NY 10016. 

Infection of cells with adenovirus results in a profound suppression 
of cellular protein synthesis which occurs with the onset of the late phase 
of the infectious cycle. We have previously demonstrated that a common 
5' noncoding region found on viral late mRNAs called the tripatite leader 
confers the ability to translate with little if any tequirement for cap 
binding protein (CBP) complex. We now show that adenovirus inhibition 
of cellular translation correlates with the quantitative under
phosphor.ylation and subsequent inhibition of cap binding protein (CBP), 
a component of CBP complex. The dephosphorylation of CBP is shown to 
occur with kinetics consistent with the inhibition of cellular translation, 
and to involve approximately 90% of CBP. In previous experiments we 
showed that the drug 2-aminopurine could largely prevent the inhibition 
of cellular protein synthesis by adenovirus. Here we show that 2-
aminopurine also prevents much of the dephosphorylation of CBP at late 
times during viral infection. Finally, we demonstrated that late 
adenovirus mRNAs translate efficienty in mitotically arrested cells in 
which host protein synthesis has be~n inhibited by dephosphorylation of 
CBP. 

In more recent experiments we have addressed whether the 
reduced phosphorylation of CBP during adenovirus infection results 
from enhanced CBP phosphatase activity ora block in CBP kinase 
funct,.i.on. Pulse-chase analysis of the half-life of CBP phosphate groups 
in urunfected and late Ad infected cells indicates that phosphate 
turnover occurs at relatively the same rate, with a half-life of about 20-30 
minutes. Treatment of cells with the potent phosphatase inhibitor 
okadaic acid results in a rapid and extensive accumulation of 
phosphorylated CBP only in uninfected cells. Thus, both experimental 
approaches indicate that the activity of the CBP kinase is blocked in 
adenovirus infected cells. Additional experiments including those with 
in vitro extracts that replicate the block to CBP kinase activity observed in 
vivo will be presented. 
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Int.erferon-induced and double-stranded RNA 

activat.ed prot.eins as enzymes in regulating cellular 

prot.ein synthesis 

ARA G. HOVANESSIAN, Unité de Virologie et 

Immunologie Cellulaire,. Institut Pasteur, 28, rue du 

Dr. Roux 75015 Paris 

Treatment of cells with interferon results in the induction of two 

double-stranded RNA activated enzymes : a specific protein kinase and 

2'-5' oligoadenylate (2-5A) synthetases. The protein kinase once 

phosphorylated acguires the capacity to phosphorylate eIF2 and thus 

mediating inhibition of initiation of protein synthesis. The 2-5A 

synthetases form 2-5A molecules which activate a latent 

riboendonuclease responsible of RNA (polyadenylated and ribosomal) 

degradation. Accordingly these enzymes play key roles in t wo 

independent pathways by which cellular protein synthesis might be 

blocked. 

The p68 kinase. 

The double-stranded (ds)RNA activated protein kinase from 

human cells is a 68 kDa protein (p68 kinase) which is induced by 

interferon. On activation by dsRNA in the presence of ATP, the kinase 

becomes autophosphorylated and can catalyze the phosphorylation of 

the . flpha subunit of eIF2. We ha ve recently isolated severa! related 

cDNAs from which can be deduced the full length p68 kinase sequence. 

All of the cDNAs identify a 2.5 kb RNA which is strongly induced by 

interferon. A dose-dependent increase in the steady state levels of this 

RNA occurs within a few hours after addition of interferon to 

lymphobastoid (Daudi) cell cultures. Interferon-induced transcription 

of the 2.5kb RNA assayed in isolated nuclei is not inhibited by 

cycloheximide and is thus a primary response. The deduced amino

acid sequence of the p68 kinase predicts a protein of 550 amino acids 
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containing all of the conserved domains specific for members of the 

protein kinase family including the catalytic domain characteristic of 

serine/threonine kinases. 
In vitro translation of a reconstructed full-length p68 kinase 

cDNA yields a protein of 68 kDa which binds dsRNA, is recongnized by 

a monoclonal antibody raised against the native p68 kinase and is 

autophosphorylated. The full length p68 kinase cDNA was inserted in 

the pcDNAl/neo eukaryotic expression ,vector under the control of the 

CMV promoter and used to transfect murine NIH/3T3 cells. Stable 

transfectants were isolated and were shown to express the human 

dsRNA activated p68 kinase as demonstrated by in vitro 

phosphorylation. 

The 2-SA synthetases. 
The existence of 40-46, 69 and 100 kDa forms of 2',5'oligoadenylate 

(2-5A) synthetase has been established in interferon-treated human 

cells. Immunoenzymatic staining analysis of interferon-treated cells 

indicated that a proportion of p69 is concentrated around the nuclei and 

the rest is distributed in a specific pattern in the cytoplasm whereas 

plOO is found in a diffuse state in the cytoplasm. In accord with its 

association to cell membranes, p69 is myristilated. Although both p69 

and plOO are induced by alpha or beta interferon, there are significant 

differences in the interferon dose-response and the kinetics of synthesis 

of each protein. Furthermore, treatment of sorne human cell lines 

(HeLa, Hep-2 and U937) with gamma interferon results in a synergistic 

induction of p69 but not plOO. These observations indicate that there 

mu~y be different mechanisms for the signalling pathways required for 

the induction ofp69 and plOO. 

Polyclonal antibodies specific for p69 were used for immuno

screening of a random-primed cDNA library lambda gtll. One of the 

isolated cDNAs (436bp) was then used as a probe to screen an oligo-dt 

primed cDNA library constructed in lambda gtlO. Three cDNAs of 2.4, 

2.8 and 4.5 kb were isolated. The open reading frames of cDNAs 2.4 and 

4.5 are identical whereas that of cDNA 2.8 has sorne 30 amino-acids 

more at the 3'terminus. The amino-acid sequence of the 40-46 kDa 2-SA 
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synthetase shows 65 % homology to the deduced amino-acid sequence 

encoded by these cDNAs. In Northern blot assay, these cDNAs 

hybridize to severa! interferon-induced mRNAs of 4.5, 3.9, 3.3 and 2.8 kb 

in size. The three isolated cDNAs should express proteins related to p69 

since they express the epitope reacting with the polyclonal antibody 

specific for tlús form of 2-5A synthetase. 

Conclusion : Function of the p68 ~ and 2-5A synthetase. 

The research carried out by different laboratories since 15 years, 

has pointed out that the 2-5A synthetase and the protein kinase play key 

roles in systems which mediate inhibition of protein synthesis. There is 

no doubt that the 2-5A system plays an important role in mediating 

resistance to virus infection. In addition, there has been much 

speculation about its role in the control of cell growth, proliferation and 

differentiation. The demonstration that different forms of 2-SA 

synthetase exist, and which manifest different properties, is further 

evidence supporting the investigation of alternative roles, for the 

different forms of 2-SA synthetase, and their product molecules. Other 

functions have also been attributed to these enzymes. For example, the 

2-SA synthetase because of its 2'-5' nucleotidyl transferase activity has 

been suggested to play a role in the mechanism of splicing of precursor 

RNA transcripts. At present, the physiological function of the p68 

kinase remains to be shown clearly although it is most probable that the 

p68 kinase is involved in translational control by mediating 

phosphorylation of eIF2. 

In view of the different possible functions of these enzymes, the 

controlled expression of cDNAs encoding the p68 kinase and the 
•/ 

different forms of 2-5A synthetase should be useful in determining their 

role in control and IFN-treated cells. 
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REGULATION OF THE INTERFERON-INDUCED 
dsRNA ACTIVATED PROTEIN KINASE IN 
ANIMAL VIRUS-INFECTED CELLS 

Michael G. Kat ze, Departmen t o f 
Microbiology, School of Medicine, 
University of Washington, Seattle, WA., 
98195 U.S.A. 

Animal viruses must downregulate activity of the 
interferon-induced protein kinase (referred to as 
P68) to avoid the kinase's negative effects on 
protein synthesis initiation. Recent data on the 
regulation of the protein .. kinase in cells 
infected by influenza virus and poliovirus will 
be presented. We have previously found that 
influenza virus blocks kinase acti vi ty by 
activating a cellular inhibitor of P68. 
Preliminary data suggests this activation occurs 
by a complex series of events which will be 
described. We have prepared peptide antibody 
against this inhibitor which has been purified to 
near homogeneity and has a molecular weight of 
58,000 daltons. Analysis of the reactivity of 
this antibody with both mock and virus-infected 
extracts will be presented. We will al so 
describe the molecular mechanisms of action of 
this cellular repressor and studies on our 
progress in cloning the 58kD protein. In 
contrast to influenza, poliovirus downregulates 
P68 by inducing its degradation during infection. 
To / determine the molecular mechanisms of 
degradation, an in vitro assay has been 
developed. This has allowed us both to 
biochemically characterize the protease activity 
and begin to purify the responsible protease 
based on its functional activity. These data as 
well as studies mapping the kinase's protease 
sensitive sites will be presented. 
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Factor-dependent yeast extracts for studying initiation of protein 
synthesis 

M. Altmann, S. Blum, and H._ Trachsel 
Inst. für Biochemie u. Molekulubiologie, Universitat Bern 

\Ve are studying the functional properties of protein synthesis initiarion factors like eIF-4E, 
the cap binding factor, or eIF-4A, which is required for the unwinding of second:~.ry srruc
tures at the 5'-end of mR."\'As, in the yeast S.cerevisiae. 

To obtain more inforrnation about the mechanistic details of rranslarion initiarion \\'e ha\"e 
followed a new approach, which basically consists in obtaining condirionally lethal murants 
which under cenain condirions produce a defecrive version of the factor or do not efficiently 
express it. 
Exrracts of these cell lines (prerreated at the non pennissive -conditions) require the 2cci:ion of 
exogenuous wild-rype factor for efficient rranslation. 
These systems allow us to approach quesrions conceming 
- the srrucrural fearures of these initiarion factors importan! for proper function; 
- the factor dependence of particular mR.'\'As such as 

a.) mR.'\'As v.'ith secondary srrucrure at the 5' end 
b.) cap-dependem u-anslarion of (especially bi- or polycisrronic) mR.~As. 

Two different srrategies for obtaining factor-dependent crude exrracts and the rrar:s!ational 
peculariries of specific mR..'\'As wi!l be presented and discussed 
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rnitiation of t:ranslation within cells directed by the 5'non-codi:ng regian of 
foot-and-mouth disea.se virus • 

. Graham J Belshani & Julia K Brangwyn. 

AFRC Institute for Animal Health, Pirbright, Woking, surrey. U.K. 

Foot-and-mouth disease virus (FMDV) is a picornavirus but differs from the 
enteroviruses (eg poliovirus) and the cardioviruses (e.g encephalomyocarditis 
virus {EMCV) in significant ways. These are that the polyprotein COIIl[Mnces at 
two distinct positions to produce two forms of the Leader (L) protein which 
self cleave from the capsid precursor and inhibit cap-dependent translation 
at least in part by initating the cleavage of the p220 cap-binding complex 
protein. 
A region of about 435 bases from the S1 non-coding region of FMDV is 

sufficient to direct efficient intemal initiation of protein synthesis 
(Belsham & Brangwyn (1990) J Virol 64 5389-5395) within cells and is termed 
the IRES. This region is immediately upstream from the first of the two AIJG 
ini tiation codons which are used in vi tro é;llld in vivo and are conserved in all 
seven serotypes of FMDV. The initiation codons are at nt 807 and nt 891 and 
represent the Bth and 9th AUG codons downstream frOlll the polyC tract. The FMDV 
L protein inhibits the translation of reporter genes unless they are preceded 
by the IRES, this can be shown in both mono-cistronic and bi-cistro:üc mRNAs 
within a transient expression system in vTF7-3 (a recombinant vaccinia virus 
expressing the T7 ilNA polymerase) infected BSC40 cells. We have now explored 
whether the IRES modifies the use of the two initation codons when assayed in 
the presence or absence of the L pr:otein. It has been shown previously 
(Kaminski et al EMBO J ) that the EMCV IRES (which is structurally analagous 
to that of FMDV) precisely directs initiation of translation to AUG 11 while 
ignoring AUG 10 only 7 nt upstream. We have constructed open reading frames 
containing the FMDV sequences encoding the two start sites linked to a portian 
of the CAT gene (maintaining the open reading fra'lle). vihen assayed alone this 
cassette produces two fusion protein products (LCAT), reflecting initiation 
at the two sites, with similar efficiencies. The same pattern of products is 
also observed when the cassette is precec1~ by the IRES. When a plasrnid 
encoding L is also introduced into the cells, synthesis of the LCAT products 
is greatly inhibited from the cassette lacking the IRES but is maintained at 
a similar level for each product from the construct containing this sequence. 
We conclude surprisingly that the selection between initiation at nt 807 or 
nt 891 is independent of the presence of the ·rRES ana·when cap-dependent 
translation is inhibited the !RES dependent initiation also occurs similarly 
at each site. 
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Characteri:Zation of the Protease Responsible for Degradation 
of the lnterleron-induced Protein Kinase P68 During Poliovirus 
lnfecti6n. Tracy.Black, Leonard Meuse, Michael Katze . 
Department of Microbiology and Regional Primate Research Center, 
University of Washington, Seatle, WA. USA. 

We have been investigating the regulation of the interteron-induced. double
stranded Rf\JA activated protein kinase P68 in poliovirus-infected cells. We have 
previously shown that P68 was both highly autophosphorylated and activated 
during poliovirus infection. In accordance with these results, phosphorylation of 
endogenous e1F-2a also increased in poliovirus-infected cells. When physical 
levels.of the protein kina_se were measured, we unexpecteQ!Y found that the P68 
protein was dramatically decreased in poliovirus-intected cells. Subsequently, 
pulse chase analysis revealed that P68 was significantly degradad during 
infection. We developad an in vítro assay for P68 degradation using cell extracts. 
This assay corroborated our in vivo observation and allowed us to begln to define 
the mechanism of P68 degradation during poliovlrus infectlon. Characterization 
experiments, using the in vitro assay, have shown that the P68 protease is 
inhibited by EDTA and restored by subsequent treatment with divalent cations. In 
additlon, pretreatment of poliovirus-infected extracts with either trypsin cir 
riboníJclease abolished protease activity. Using a series of truncated or deleted 
In vitro expressed P68 proteins as a substrate far degradation, we are examining 
possible protease sensitiva sitas. Finally, we have begun purification of the 
protease from poliovirus-infected extracts taking advantage of its highly insoluble 
natura. The data suggests that the protease.responsible for P68 degradation 
during poliovirus infection Is a large molecular weight complex containing an·HNA 
component. Thus far, lt appears that poliovirus proteases 2A and 3C are not 
directly responslble for P68 degradation. Further experiments to determine _the 
components of this complex and its mechanism of degradation are in progress. 
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Clo.ning of the cDNA of the Heme-Regulated Eukaryotic Initiation Factor eIF-2a Kinase of 

Rabbit ReticulocyteS: Homology to Y east GCN2 Protein Kinase and Human dsRNA

Dependent eIF-2a Kinase. Jane-Jane Chcn. * Mar!c S Throcw, * l&e Gehrke. *+ ~ 

Kll.Q•. J¡y¡ma K. PaH•, Michael Bro<M:;y* 1rul Jryjn¡ M 1 ondnn*++. *Harvard-MIT 

Division ofHealth Sciences and Technoiogy, Massachusens lnstitute ofTechnology, 

Cambridge, MA 02139; +0epartment of Anatomy and Cellular Biology, Harvard Medica! 

School, Boston, MA 02115; ++nepartment of Biology, Massachusetts Instirute of 

Technology, Cambridge, MA 02139 

Prorein synthcsis in intact reticulocytes and their lysates is dependcnt on the availability 

of heme. In heme-deficiency, protein synthesis is inhibited at the level of initiation dueto 

the activation of a heme-regulated inhibitor (HRI), a1so called heme-controlled repressor, 

HCR. HRl is a cAMP-independent protein kinase which specifically phosphmylates the a 

subunit of the eukaryotic initiation factor 2 (eIF-2a). Phosphorylation of eIF-2a in 

reticulocytc lysates results in the binding and sequestration of reversing factor (RF), also 

designated as guaninc nucleotide exchange factor (GEF) or elF-2B, in an RF-eIF-2(aP) 

complex. Since RF is required for the exchange of GTP for GDP in the recycling of eIF-2 

and in the formation of the eIF-2·Met tRNAt-OTP ternary complex. its unavailability re

sults in the cessation of the iniriation of protein synthesis. 

We have cloned the cDNA ofHRI ofrabbit reticulocytes. In tlt!:2 translation of 

mRNA transcribed from the HRI cDNA yields a 90 kDa polypeptid:: which exhibits eIF-2a 

kinase activity and is recognized by a monoclonal antibody directed against authentic HR1. 

The open reading frame sequence of the HR1 cDNA contains all eleven catalytic clomains of 

protein kinascs with consensus sequences of serine/threonine protein ki.nases in conserved 

catalytic domains VI and vm. The ffi\l cDNA also contains an insert of approximately 

140 amino acids between catalyúc domains V and VI. The HRI cDNA codi~g sequence 

has extensivc homology to GCN2 protein kinase of S.. cerevisjae and to human double 

stranded RNA-dependent eIF-2a ldnase. This observation raises the possibility that GCN2 

protein kinase may be an eIF-2a kinase in yeast. In addition, HRI has significant 

homology to three protein kinases (Nim A, Weel and CDC2) which are in volved in the 

regulation of the cell cycle. 
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Non-AUG Start Codons on the P/C mRNA of Paramyxoviruses 
Function in the Modulation of Downstream Expression. 

Ronald Boeck, Joseph curran and Daniel Kolakofsky. 
University of Geneva Medica! School 
Department of Microbiology 

The number of non-AUG start sites identif ied in 
eukaryotic systems has been steadily increasing. 
Initially they were observed in animal viruses, but 
recently a number of cellular examples have appeared in 
the literature. The apparent "leakiness" of these non-AUG 
starts opens a number of possibilities to the cell: 
l. the non-AUG start site, generally positioned upstream 
of the first AUG, can allow access to another reading 
frame whilst still permiting initiation at tpe downstearn 
si te. · · 
2. it can allow the synthesis of a N-terminally elongated 
form of the downsteam protein product which may have a 
different cellular function. 
3. modulation of the "leakiness" of the non-AUG start 
could also serve as a form of translational control. 

Severa! years ago we described the use of an ACG 
(position 81 on the mRNA) start site in the P/C mRNA of 
Sendai virus to initiate the C' protein. This protein is 
an N-terminally elongated form of the e protein initiated 
at the second AUG (position 114) and is positioned in the 
+1 reading frame relative to the first AUG (position 104) 
which is used to initiate the P protein. Recently, we 
have noticed non-AUG initiation sites in other rnernbers of 
this virus farnily. We have identified a GUG start site in 
hPIVl (ACAGUGG) which, like Sendai virus, is used to 
synthesis a C' protein. More interestingly, prelirninary 
data indicate that in hPIV3 there is also an upstrearn GUG 
start codon (AGAGUGG) but in the P ORF. This GUG is used 
to initiate a N-terminally elongated form of the P 
protein (P'). There appears to be no C' protein in hPIV3. 
Based on this, we propase that the upstream non-AUG start 
sites are probably involved in modulating expression at 
the downstream AUGs. Since the P protein is an essential 
component of the viral polymerase this, translational 
control may have important effects on viral replication. 

We are currently examing this control using rnutated 
constructs of the hPIVl, hPIV3 and Sendai P/C genes 
expressed in-vivo. 
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POSSIBLE ROLE OF THE 5'POLY(A) LEADER OF LA TE VACCINIA VIRUS MANAS 
IN TRANSLATION 

GARCES, J. & WITTEK, R. 

lnstitut de Biología anímale, Batiment de Biología, Université 
de Lausanne, CH-1015 Lausanne 

All late but only a few early and intermediate Vaccinia Virus 
mRNAs studied so far have a capped poly(A) stretch of 15 to 
35 nt as a 5' untranslated leader which is not encoded by the 
viral genoma. The poly(A) leader might play a role in regulation 
of gene expression on the translational level. Different 
possibilities can be envisaged: 

1) Due to extensiva symmetrical transcription, together with 
the absence of a precise transcription termination late in 
infection, late mRNAs may exist in a double stranded 
conformation with the exception of the poly(A) head. The 
poly(A) head may now be long enough to enable the assembly 
of the 488 initiation complex thereby rendering the mRNA 
translatable even in the presence of its antisense RNA. 

2) One aspect of the poly(A) head is that it represents a 5' non 
coding region without secondary structures. The assembly 
of · the 488 complex is strongly inh ibited by secondary 
structures . Weak hairpins however can be melted by a 
helicase activity associated to the factor elF-4F. This 
function might be inactivated in the course of infection 
thus rendering the translation more dependent on mRNAs 
without secondary structures at the 5' end. 

Experiments will be presentad addressing these possibilities. 
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INTERACTION OF HELA PROTEINS WITH SPECIFIC DOMAINS OF 
POLIOVIRUS RNA 5' NON-CLONING REGION 

John R. Gebhard. Dept. of Cellular, Viral and Molecular Biology 
University of Utah Medical Center. Salt Lake City, UT. 84132 
(USA). 

UV crosslinking was used to detect HeLa cell proteins that 

interacted stably with the 5' noncoding region (NCR) of poliovirus 

RNA. At least four major protein-RNA complexes were identified, 

three of which were shown by RNA competition analysis to bind 

specifically to defined domains within the 5'NCR. Protein A (52 kDa) 

crosslinked to RNA sequences and/or structures located between 

nucleotides 457-626; proteins B (48kDa) and C (38kDa) to nucleotides 

286-456. In order to determine whether these protein binding 

domains are important for the virus-specific processes of internal 

ribosome binding and protein synthesis initiation, translation 

competition assays were performed in rabbit reticulocyte lysates 

supplemented with HeLa cell extract. The results revealed two 

functional domains in the poliovirus 5'NCR. One (nts 457-626) binds 

general translation factors that are present in reticulocyte lysates as 

well as in HeLa cell extracts. Another (nts 286-456) interacts with 

proteins that are specific for poliovirus translation, and which are 

present 'in HeLa cells but not in significant amounts in rabbit 

reticulocyte lysates. 
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REGULATION OF HEME-CONTROLLED eIF-20( KINASE OF RETICULO

CYTE LYSATES 

Raul Méndez, Aurora Moreno, Javier Santoyo and César de 

Haro 

Centro de Biología Molecular, Consejo Superior de Inves

tigaciones Científicas-Universidad Autónoma de Madrid, 

Canto Blanco, 28049 Madrid, Spain 

We have obtained highly purified preparations of the heme-contro

lled eukaryotic initiation factor 2cc. subunit (eIF-20I.) kinase (HCI) 

from rabbit reticulocyte lysates containing six different polypeptides. 

One of these is a 87-kDa (p87) phosphopeptide which appears to show an 

autokinase activity. The controlled digestion with trypsin of HCI pre

parations leads to the suggestion that phosphorylation of p87 is not 

needed for kinase activity and, furthermore, that another 92-kDa poly

peptide could be the kinase catalytic subunit. In agreement with this, 

monoclonal antibodies directed against p87, that also recognize a 

90-kDa polypeptide, do not interfere with eif-20(. kinase activity. Upon 

incubation of the HCI preparation with hemin (5-10 uM), the eIF-2oc. ki

nase is converted into an inactive form and appears to become associa

ted with related peptides forming high molecular weight complexes which 

can be reversibly activated by 2-mercaptoethanol. The maintenance of 

the integrity of the porphyrin ring is absolutely required for kinase 

inactivation and although the presence of metal ion is not essential, 

the iron and cobalt metalloporphyrins are more effective than protopor

phyrin IX. The formation of the inactive form of HCI by hemin is pre

vented by either N-ethylmaleimide, monoclonal antibodies directed 

against p87, or phosphorylation of p87. The data strongly suggest that 

hemin regulates eIF-2~ kinase activity by promoting formation of the 

inactive dimer HCiep87 via disulfide bonds and direct binding of hemin. 

A model for HCI regulation will be discussed. 
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Transactívation of transiarion by the TA V protein of cauliflower mosaic virus. Barbara Ink, 

Johannes Fütterer, and Thornas Hohn. Friedrich Miescher-Instirut Basel, Switzerland. 

The 35S RNA of cauliflower mosaic virus (CaMV), a plant pararetrovirus, serves as both a 

template for reverse transcription and as a polycistronic mRNA. The mRNA has the coding 

potential for ali the viral proteins and is the only mRNA for ORFs VII, I, II, Ill, and IV. 

CaMV was found to encode a transactivator (TA V) which enhances the e:i..-pression of the 

downstream ORF in a bicistronic mRNA in both host and non-host plant cells. Evidence 

indicates that TAV is functioning at the posrtranscriprional leve! by a novel mechanism of 

tranSaCtivation which is different from the transactivators encoded by human immunodeficiency 

virus type l. 
Transactivation by TA Y was examined by constructing a bicistronic mRNA that contained 

tite ~glucuronidase (GUS) géne as the upstream ORF and chloramphenicol acetyltransferase 

(CAT) gene as the downstream ORF. The downstream ORF was expressed only under 

specific condirions that suggested two pathways for ribosomes to reach this downstrea.'!l ORF. 

1). Reinitiation: The downstream CAT ORF is translated by ribosomes that also cranslated the 

upstream GUS ORF or at least migrated through the upstream coding region. 2). Ribosome 

shum: 1be downstream CAT ORF is tra.nslated by ribosomes that are transferred directly from 

a region close to the 5' end of the bicistronic mRNA to a region closely upstream of the CA T 

ORF. 

Animal viruses have provided model systems in which to examine the mechanisms of 

reinitiation of translation of ORFs in bicisrronic mR...NAs. However, a mechanism similar to 

transactivation of translation by CaMV has not been identified in the animal sysrem. The 

question arises as to whether transactivation of translation by TAV is ;-esuicred to plams or caP. 

occur in other systems. To exami.'.le th~ ability of TA V to function in a hecerologous sysrem. 

ttansactivarion is being smdied by expressing TA V in mammalian ce!is :md examining its 

function. 
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Search of poliovirus proteins responsible 
for membrane modifications. 

J. Lama. F. Martínez-Abarca and L. Carrasco. Centro de Biología 
Molecular (C.S.l.C.-U.A.M.). Cantoblanco 28049. Madrid, Spain 

Poliovirus infection leads to drastic changas on host-cell membranas. 
These alterations include changas in phospholipase C and A2 activities, 
increase in membrana permeability to cations and low M.W. metabolites, 
enhanced phospholipid synthesis and induction of proliferation of membrana 
vesicles. These changas in phospholipid turnover and membrana proliferation 
induced by virus infection are required for genoma replication of sorne animal 
viruses, including poliovirus. On the other hand, modification of membrana 
permeability may be responsible for various harmful effects on host cells 
induced by virus infection, such as the cytopathic effect and cell killing , 
modification of macromolecular synthesis, changas in the membrana potential, 
etc. In spite of the importance of these effects for the virus Hfe cycle , little is still 
known about the mechanisms , or the poliovirus components involved . 

As a first step towards the elucidation of the poliovirus proteins 
responsible for these membrana alterations we have cloned the non-structural 
proteins of poliovirus into an inducible prokaryotic system (Rosenberg et al , 
Gene 56: 125-135) which expresses heterologous genes from a T7 promoter. 
The T7 RNA polymerase is supplied from · the bacteria! chromosome in an 
IPTG -inducible manner. Constitutive expression of the T7 lysozyme reduces 
the basal leve! of active T7 RNA polymerase, allowing the cloning and 
expression of highly toxic genes. Recombinant bacteria that express individual 
non-structural poliovirus proteins or combinations of sorne of them have been 
isolated. Sorne bacteria! clones contain the cistrons encoding polypeptides 
28, 2C, 3A or 30, which have been mutagenized to include the start and stop 
codons for translation. Other clones contain 2C3A , 2C3AB ,or polyproteins 
including the 2A ,or 3C proteases and their flanking sequences. All the proteins 
are highly expressed upon induction with IPTG and rifampycin. Curiously 
enough, when sorne of these genes ( 3AB and the 28 ) are induced , the 
proteins made are highly toxic and lyse the bacteria within a few minutes. At 
least in the case of the 3AB protein, lysis is accompanied by drastic 
permeability changes of the inner bacteria! membrane. 

To get insight into the role played by poliovirus proteins in the 
modification of the host-cell membrana in mammalian cells the cistrons for the 
3A, 28 and 3AB proteins have been cloned in eukaryotic expression vectors. 
These poliovirus proteins will be expressed in both transient or inducible 
systems and the effects on the cell membrana in eukaryotic cells will be 
analyzed. 
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TRANSLATIONAL COMPETITION BETWEEN VIRAL ANO CELLULAR 
MRNAs GOVERNS THE PROGRESSION OF THE INFECTION IN A VIAN 
REOVIRUS S 1133-INFECTED MOUSE L CELLS 

Mallo, Moisés; Martfnez-Costas, José Manuel & Benavente, 
Javier 

We have previously found that the avian reovirus S1133 can 
replicate in mouse L cells at physiological or moderately acid pH. In order 
to get further insight into the molecular mechanisms that govern viral 
replication in this system, we have now studied the effects that the 
multiplicity of infection (m.o.i.) and the inhibition of cellular mRNA 
synthesis have on viral macromolecular synthesis and viral growth . We have 
found that viral yield and the number of actively infected cells were directly 
correlated with m.o.i . We also found that the addition of 0,5 µ.g/ml of 
actinomycin D (ActD) at the beginning of the infection resulted in an 
increase in viral protein synthesis, in the number of actively infected cells 
and in viral growth at late times of infection. The drug did not elicit this 
effects by facilitating reinfection by newly formed progeny virions but by 
triggering the replication of cytoplasmic viral particles in cells in which the 
virus would not replicate in the absence of ActD. 

Together, these results suggef.t a mode! for S 1133-L cell interaction 
in which translational competition between cellular and viral mRNAs 
determines the fate of the infection in each particular cell. According to this 
model the ratio between viral and cellular mRNAs must exceed a certain 
threshold for the infection to progress. Cells in which the ratio is smaller 
than the threshold will not be able to synthesize enough viral proteins for the 
infection to succeed, but in cells in which the viral mRNA levels are 
sufficient for the threshold ratio to be exceeded, viral progeny particles will 
form which will support the progression of the infection. Assuming that the 
number of active virions that penetrate host cells varies from cell to cell and 
that the amount of viral transcripts in each cell is proportional to the number 
of its active cytoplasmic particles, this model predicts that the higher the 
m.o.i. the more cells will have a viral to cellular mRNA ratio allowing 
active infection; this is indeed what is observed. This model can also explain 
the stimulatory effect of ActD found at late times of infection. At the ActD 
concentration used host mRNA synthesis is blocked without any effect on 
viral transcription; the amount of cellular transcripts in ActD-treated cells 
therefore progressively decreases, which results in more cells with an above
threshold viral to cellular mRNA ratio and hence, in an increase in the 
number of actively infected cells at late infection times. 
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CLONING OF POLIOVIRUS 2A PROTEASE IN 
EUKARYOTIC EXPRESSION VECTORS. 

F.Martínez-Abarca, M.A. Alonso and L. Carrasco. Centro de 
Biología Molecular (CSIC-UAM) . Cantoblanco 28049. 
Madrid, Spain. 

When Poliovirus infects Hela cells it causes a drastic 
inhibition of cellular pratein synthesis early during infection . The 
2A protein, ane of the two proteases encoded by poliovirus, is 
indirectly invalved in the cleveage of a p220 polypeptide that 
forms part af the Cap Binding Camplex. Therefore , it has been 
suspected that the . 2A protease might be responsible far the 
inhib ition of translation of cellular mRNAs induced by poliovirus 
infection. To test this possibility , we made constructions of the 
poliovirus genome containing a number of interna! deletions . In 
transient expression experiments we analyzed the effect of 
transfection of COS cells with these constructions on the shut-off 
of cellular protein synthesis. In addition, the effects of these 
deletion mutants on the expression of a reporter gene (luciferase) 
were examined. A mutant containing a deletion that spans from 866 
to 3083 inhibits luciferase expression , whereas a mutant with a 
deletion between 3235 to 3925 (2A-B proteins of poliovirus) does 
not inhibit the luciferase activity. This effect also correlates with 
a lack of RNA replication in the last mutant. Thus , it is not clear 
at present if the inhibition on luciferase activity is due to the lack 
of 2A or to the absence of RNA replication in that construct. 

To examine the relationship between 2A and the shut-off of 
translatian of capped mRNAs, we are carrying out studies using 
twa inducible expression systems for eucariotic cells . A construct 
was made containing the 2A protein of poliovirus located after the 
5· leader sequence of poliovirus under the promoter of T7 RNA 
polymerase. COS cells were transfected and clones were selected 
that expressed 2A transcripts upan infection with a recombinant 
vaccinnia virus that encades the T7 RNA polymerase. The other 
system used takes advantage of a rabbit cell line that 
constitutively expresses the Lac repressor and the T3 RNA 
polymerase. In that system the construction leader-2A is under the 
T3 promoter followed by the Lac operator. Synthesis of 2A in this 
construct can be induced by the addition of IPTG. The level of 
expression of 2A and the effects of 2A on translation in these two 
systems are being analyzed. 
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PCR AMPUFICATION OF FMDV RNA FRAGMENTS: APPLICATION TO 

THE STUDY OF GENE EXPRESSION IN EUKARYOTIC CELLS AND OF 

FMDV GENETIC V ARIABILITY. 

E. Martinez-Salas and E. Domingo. Centro de Biología Molecular. UAM. 

Cantoblanco. 28049 Madrid: Spain. 

Foot-and-mouth disease virus (F11DV) is charactcrized by two 

important features : 1) tts abtlity to infect persistently animals, and cells in 

culture: 2) the genetic heterogenetty, shared with other RNA vtruses 

whose genomes are described as quasispecies. 

Virus isolated from cell Unes perslstently infected differ from the 
parental Virus in point mutations distributed all along the genome. We have 

cloned defined fragments s1:1ch as the IRES region from both viruses to 

understand the role that different mutations played ln the phenotypic 

alterations observed 1n the perststent virus. 

To facilitate the cloning of specific fragments of the viral genome we 

have applied the PCR methodology to the arupliflcation of defined regions 

of FMDV type C. The efficienty of amplification was at least 2.5 x 107 per 

initial molecule. We have been able to detect in ethid1um bromide stained 

agarose gels DNA amplified from 4 x 103 RNA molecules. 

PCR products have been cloned in pUC plasmid vectors. The insens of 

pUC plasmids \>.rere transferred to eukaryotic e:>..tiresslo:i vectors based on 

the Herpes simplex tic promoter and the firefiy lucifera3e as reporte::- gene. 
T7 and SP6 promoters from pGEM vectors are also present in the vector. 

Cotransfection of the plasmids coding for FMDV sequences \\.ith 

pSV2PAC. that confers puromycine resistance, resulted in constiluüve 

expression. determined at the level of transcriptlon, of the 3C protease 

gene, the 3D polymerase gene. and the 400 nucleotlde fragment 

corresponding to the 3 · end of the FMDV RNA. 

Direct PCR sequencing offers the possibillty of determining the 

genomic sequence of a \tiros wtthcut the neect to purify large amounts Gf 

RNA. Sequences obtalned by this rnethod have been 1dent1cal to those 

found by direct sequence of the viral RNA Extenslon of this methodology 

to several genomic regions and to different isolates wtll help us in 

determining the appearance of new variant genomes ami to betttr 

approach the lmport;:int prob!em of vin.1s var1ation ln nature. 
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THE SMALLEB OE THE TWO LEADEB PBOTEINS (Lbl OF EOOT-AND
MOUTH PISEASE VIRUS INDUCES INHIBITION OF CAP-PEPENDENT 
TBANSLATION IN VIVO. 

M. Medina 1,2 and G.J.Belsham 1. 

1 AFRC tnstitute for Animal Health, Pirbright Laboratory, Woking, UK. 
2 Centro ele Biologla Molecular, U.A.M., Cantobtanco, Madrid, Spatn. 

Foot-and-mouth disease virus (FMDV) form the genus aphthovirus in the family 
Picornavirldae which also includes the enteroviruses, rhinoviruses and cardioviruses. These 
viruses have genomes cf pos;tive scnse ssP.NA which, in the case of FMDV, is ap¡:irox. 8.5 kb in 
length. The genoma is expressed as a single polyprotein which is cleaved into mature proteins. 
The structural protein precursor region (P1) of the entero- and rhinoviruses starts at the N 
terminus of the polyprotein but in the cardio- and aphthoviruses P1 is preceded by a short 
leader protein (L). 

The aphthoviruses are further characterized by the presence of two independent 
translation initiation AUG codons in the same reading trame and located 84 nucleotides apart. 
The presence of these two functional initiation codons is a highly cxmserved feature in viruses 
of all seven serotypes of the aphthoviruses. Both of these codons initiate protein synthesis in 
vivo and in vitro to produce alternativa forms of the leader protein (Strebel and Beck, 1986, 
J.Virol. 58,893; Sangar et al., 1988, J.gen.Virol. 69, 2327). The largar of these (Lab) is 
initiated from the first functional AUG and contains all the sequence of the shorter leader (Lb) 
plus an N-terminal extension of 28 amino acids. 

Multiples activities have been assigned to the L protein. lt cleaves itself (in cis or 
trans) from the amino-terminus of the P1 protein. (Strebel and Beck, 1986, J. Virol. 58, 
893). lt is also responsible for initiating the cleavage of the cap-binding complex componen! 
p220 (directly or indirectly)(Devaney et al., 1988, J.Virol. 62,4407) and it is probable 
that a second effect on protein synthesis occurs since inhibition of cap-dependen! mRNA 
translation is almost complete (Belsham and Brangwyn, 1990, J.Virol. 64, 5389). 

We have constructed plasmids which encode Lb alone, Lab alone, or the two together and 
examinad the ability of the proteins produced to cleave in trans the UP1 junction, to inhibí! 
the translation of a reportar gene and to cleave p220 within cells. 

Expression of proteins from these plasmids was assayed using the transient expression 
assay developed by Fuerst et al. (1986, P .N.A.S. 83, 8122) as described previousiy (Belsham 
et al., 1990, Virology 176, 254). The cleavage of the UP1 junction in trans was assessed by 
the removal of the residual L protein sequences from the amino-terminus of 1 AB obtained by 
expression of the CA 103 cassette (Belsham et al., 1990, Virology 176, 254). The inhibition 
of cap-dependen! mRNA translation was monitored by cotransfection with a bicistronic plasmid 
encoding the GUS and CAT genes, the latter preceded by the IRES of FMDV. The cieavage of p220 
was studied by Western blot analysis using a monoclonal antibody which was a generous gift 
from Dr. D. Etchison. 

The activities of the plasmid encoding Lb are indistinguishable from that encoding both 
forms of the leader protein. We observe processing in trans of the UP1 junction, inhibition of 
GUS activity and cleavage of p220. Thus the smaller of the two proteins has ail the activities 
attributed to the L protein. The activities ol Lab are under investigation. 
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ADENOVIRUS VA RNA · MUTAGE.NlC Al"'D PHYLOGENETIC 
ANALYSIS OF STRUCTURE AND FUNCTION. 
T. Pe'e!:'t'., KH. Mellits, Y. Ma and M.B. Mathews. 
Cold Spring Harbor Laboratory, Cold Spring Harbor, NY 

VA RNA¡ is a key viral product which enables adenovirus 
to resist the interferon·induced cellular antiviral defense 
mechanism. VA RNA is a structured 160 nt polIII tran.script, 
produced abundantly in cells at late times of infection. It competes 
with dsRNA for binding to DAI, the dsRNA-activated inhibitor of 
protein synthesis. This kinase is activated by autophosphorylation 
and phosphorylates the initiation factor eIF-2 thus causing 
cessation of protein synthesis. Based on nuclease sensitivity 
analysis a secondary structure model was proposed for VA RNAr 
consisting of three main regions: a:i apical stem-loop, central 
domain (CD) and terminal stem. To study the features ofVA RNA¡ 
that are important for function we have made deletion and 
substitution mutants. The RNAs were tested for function in uiz:o 
and in uitro and their structure was analyzed in solution. We have 
concluded that an apical stem structure and the CD are required 
for function. The efficient binding ofVA RNA1 to DAI depends on a 
minimal stem structure containing at least 6 base pairs; the size 
and sequence of the loop and the sequence of the stem can vary. 
Large substitution~ that prevent the formation of the apical stem 
abolish VA function which can be restored by base compensating 
mutations that reform the stem. Small substitutions that allow the 
form.ation of a short stem-loop structure impair fuuction only 
slightly even though the base of the stem is pert.urbed. However, a 
"mini" VA R.'N'A1 mutant that retains only a short st.em <loes not 
function in. vitro, suggesting that the distance of the stem-loop from 
the CD is important for function. 

Structure-function relationships within the CD were 
investigated by introducing foreign sequences into a 20 nucleotide 
region. Some sequences abolish or impair the function of the 
mutants in kinase inhibition assays while other sequences are 
neutral or even improve the inhibition fu.nctíon 1lS compared to 
wild·type. Nuclease sensitivity analysis showed that changes in 
the RNase protection pattern are confined to the CD and do not 
affect the structure of the apical stem·loop or the terminal stem. 
Correlation of the structural changes in the CD with the function of 
the respective mutant RNAs suggests that an alternatfre 
conformation may be important for function and implies the 
existence of tertiary interactions between the CD and a neighboring 
interior loop. Phylogenetic comparison with the VA R.i.'iAs of other 
a.denovixus i;.e1'úLy~~ :shows that the secondary structures are 
broadly similar but differ in detail, suggesting that a· common 
tertiary structure is the key to VA RNA function. 
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LACK OF CORRELATION BETWEEN CLEAVAGE OF p220 AND 
POLIOVIRUS-INDUCED SHUT-OFF OF CELLULAR PROTEIN 
SYNTHESIS 
Luis Perez and Luis Carrasco. Centro de Biología Molecular ( CSIC-UAM). Cantoblanco. 28049, 
Madrid. SPAIN. 

After poliovirus infection a few cellular proteins become 
degraded ( Urzainqui & Carrasco (1989): J. Viro! Q.3., 4724-4735). 
Amongts those proteoliticaly degraded proteins, a polypeptide 
known as p220 that forms part of the CBP-complex has been more 
intensively studied . It has been suggested that cleavage of p220 
leads to the selective inhibition of cellular translation of capped 
rnRNAs. In order to investigate the relationship between the shut-off 
of host protein synthesis and the cleavage of p220 we carried out 
detailed kinetlc studies of both events after poliovirus infection of 
HeLa cells. In agreement with previous findings ( Etchison et al 
(1982) : J. Biol. Chem. 257, 14806-14810; Bonneau & Sonenberg 
(1987): J . Viro l. fil, 986-991 ) we observed that at early times of 
poliovirus infection when the level of cellular protein synthesis has 
not yet been abated ( 800,t, of uninfected control cells ) intact p220 is 
not detected and p220 is in the form of degradation products. 
Aproximately one hour later host protein synthesis undergoes a 
drastic fall . These results suggest that the inhibitor responsible for 
the shut-off is generated after p220 cleavage. 

To check in more detail the possibility that poliovirus-infected 
cells are able to synthesize cellular proteins when p220 has been 
degraded we made use of inhibitors of poliovirus replication: i.e. 
guanidine and Ro 09-0179. When cells are infected ata multiplicity 
of 20 pfu/cell in the presence of these agents over 70% of host 
translation was observed at two hours post-infectan; at that time 
p220 was already cleaved. Moreover, two hours later ( 4 h.p.i. ) a 
significant amount of host translation was still taking place ( 55% ). 
even though p220 was degraded. These results agree well with 
previous findings using these agents and suggest that p220 becornes 
degraded even when very low amounts of poliovirus proteins ( 2A ) 
are made. In spite of this degradation substantial amount of cellular 
proteins are synthesized. 

To further examine the correlation between p220 cleavage and 
the blockade of host protein synthesis by poliovirus we searched for 
conditions able to prevent the shut-off of translation. We found that 
when HeLa cells were infected at 37ºC during half an hour and then 
shifted to 28ºC poliovirus replication is restricted and no inhibition 
of cellular protein synthesis is detected. Under these conditions 
p220 is cleaved at a lower rate . Interestingly enough, poliovirus
infected cells were still able to synthesize cellular proteins at the 
sarne level as mock-infected cells when the temperature was raised 
to 37ºC. Intact p220 was not detected under these conditions and 
was in the form of cleavage products by that time.Prelirninary data 
suggest that the restriction of low temperature is located on 
poliovirus RNA replication.Further experiments will be aimed to 
study the proteolysis of p220 under conditions in which poliovirus 
does not exert a profound inhibition of host protein synthesis. 
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IDENTIFICATION OF THE INITIATION CODON OF PLUM POX 

POTYVIRUS GENOMIC RNA 

José Luis Riechmann *, Sonia Laín and Juan Antonio García 

Centro de Biología Molecular (CSIC-UAM) Universidad Autónoma de Madrid. 

Cantoblanco, 28049 MADRID, SPAIN. Phone: (1)3974173, Fax: (1)3974799 

The expression of plum pox potyvirus (PPV) genomic RNA takes place through 

translation of its unique long and functional open reading frame (ORF) into a large 

polyprotein that undergoes extensive proteolytic processing. We show that the AUG 

recognized as the initiation codon of the PPV ORF by in vitro translation systems is the one 

found at nucleotide position 147, in spite of the presence at position 36 of an in-phase AUG 

that marks the start of the ORF. Deletion of a substantial part of the PPV 5' nontranslated 

region (5'-NTR), from nucleotide 19 to 108, does not impair the in vitro translation of PPV 

synthetic transcripts. By introduction of mutations that disrupt either of these two AUGs into 

a full-length PPV cDNA clone, it is shown that, while alteration of the first AUG does not 

have any effect on virus viability, growth, or symptom induction, destruction of the second 

renders the viral RNA noninfectious. This result indicates that the AUG employed in vivo is 

also the second. The hypothesis that this AUG could be recognized through a ribosomal 

interna! entry mechanism has been tested in vitro using bicistronic transcripts in which the 

PPV 5' -NTR was internally placed. The second cistron of these bicistronic RNAs was 

translated, although at low levels, and the significance of these results in regard to either a 

ribosomal internal entry ora conventional scanning mechanism for PPV RNA translation 

initiation will be discussed. 
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CHARACTERIZATION OF mRNA CAP-BINDING PROTEIN COMPLEX FROM 
NORMAL AND HEAT-SHOCKED Drosophila EMBRYOS 

Juán M. Zapata, Mi guel A. Martínez and José M. Sierra. 

Centro de Biología Molecular. Universidad Autónoma de Ma
drid and Consejo Superior de Investigaciones Científicas. 
Madrid. 

We are studying the mRNA cap-binding proteins (CBPs) from Drosophila 
melanogaster embryos and their possible role on the mechanism of the 
t ranslational regulation established under heat shock conditions. Previ
ously (MCB 9, 2181) we reported that Drosophila embFyos contain a 35-kDa 
polypeptide-which is functionally equivalent to mammalian eIF-4E. This 
polypeptide could be also isolated as part of a salt-stable protein com
plex (CBP complex) by fractionating the ribosomal high-salt wash accor
ding to a similar method used to purify the mammalian eIF-4F. In addit i 
on to eIF-4E this CBP complex contains a smear of polypeptides of 140-
180 kDa and several minor components. A new method, which involves a di
rect fractionation of whole embryo lysate through m7GTP-Sepharose, has 
been recently developed to obtain free eIF-4E and CBP complex. This new 
complex consists of two main polypeptides, eIF-4E and one of about 200 
kDa (sometimes resolved as a doublet in SDS-PAGE), anda minor component 
(s) of 160-170 kDa. Polycional antibodies against p200 reacted with this 
minor component and the high molecular we igth polypeptides of the CBP 
complex isolated from the ribosomal high-salt wash. The 35 and 200 kDa 
polypeptides of the CBP complex cosedimented through sucrose density gra
dients containing either 0.1 Mor 0.5 M KCl. As previously shown for eIF-
4E (MCB 9, 2181), the p200 component of the CBP complex was also required 
for mRNA-translation in cell-free systems from Drosophila embryos. None 
of the polypeptides of the CBP complex were able to cross-link (~-32p) 
dATP upon UV irradiation. Consistent with this, we did not find any RNA
dependent ATPase activity associated with the CBP complex. From these r e 
sults it is tempting to suggest that Drosophila CBP complex is the coun
terpart of mammalian eIF-4F but lacking the eIF-4A subuni t. When the pu
rification was carried out from heat-shocked embryos a great decrease in 
the amount of the CBP complex was obtained, suggesting that under heat 
shock conditions either the formation of the CBP complex or its interac
tion with m7GTP-Sepharose is impaired. This impairment may account, at 
least to sorne extent, for the mRNA di scrimination established in heat
shocked Drosophila embryos. This hypothesis is also supported by two ad
ditional results : i) When added to a lysate from heat-shoc ked embryos, 
the CBP complex was able to rescue partial but specifically the transla
tion of the bulk of endogenous normal mRNAs (or globin mRNA added exoge
nously) and hsp83 mRNA. ii) By using anti-eIF-4E or anti-p200 antibodies, 
we found that whereas translation of the bulk o f the endogenous normal 
mRNAs (or globin mRNA add ~ d exogenously) in the lysates was dependent o n 
both eIF-4E and p200, the heat shock mRNAs (particularly hsp70 mRNA and 
with the exception of hsp83 mRNA) were trans lated almost ind ~pe ndently of 
these polypeptides. 

Fundación Juan March (Madrid)



71 

INVESTIGATIONS ON HIV-1 RIBOSOMAL FRAMESHIFTING IN VIVO AND IN 

VITRO 

H. Steinhaus, H. Reil, and H. Hauser 
Gesellschaft für Biotechnologísche Forschung mbH, Braunschweig, FRG 

Ribosomal frameshifting is essential for the expression of the catalytic proteins (Pro, RT, Int) 

of HIV-1. A defined sequence of the gag-pol overlapping regíon has been shown to be 

necessary for this specific process. 

We have developed an expression system allowing a simple and rapid quantification of 

frameshifting events in vivo and in vitro. The method is based on the expression of an N

terminally extented firefly luciferase gene which depends on -1 frameshifting at the HIV-1 

derived sequence, in order to be translated as a functional enzyme. 

Our data show a reduced frameshift efficiency in mammalian cells in comparison to 

frameshifting in vitro. We found that the stem loop structure is dispensable for frameshifting, 

the short homopolymeric run 'UUUUUUA' within the HIV-1 sequence mediates 

frameshifting in vivo and in vitro. However, deletion of the stem loop leads to a reduced 

frameshift efficiency in vitro. 

No significant tissue or species specifity could be detected. Furthermore there is no influence 

on the frameshift efficiency by the status of differentiation of F9 cells. 

Several inhibitors of HIV-1 replication with unknown molecular mode were tested. None of 

them could affect frameshifting. 
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TRANSLATIONAL CONTROL BY ANIMAL VIRUSES: 

Nahum Sonenberg and Luis Carrasco. 

Animal viruses utilize an array of strategies to express their genomes and 

to regulate gene expression. The regulation of the translation of viral genomes 

plays an important part in the final outcome of the amount of each viral protein 

synthesized in the infected cells. In addition, translation of viral genomes 

usually tak.es place over a profound inhibition of cellular protein synthesis has 
been established. Therefore, animal viruses have devised strategies to interfere 

with the expression of cellular proteins at the translational level, without 

depressing the translation of their own mRNAs. The goal of the meeting held 

in Sigüenza (Spain) under the patronage of the Fundación Juan March was to 

revise and update the motifs in viral mRNAs that make them more efficient for 

translation in the infected cells. The different mechanisms used by animal 

viruses to shut-off host translation was also a major theme of interest of the 

meeting. 

To understand how viral mRNAs are preferentially initiated as compared 

to host messages, a detailed account of the number and functions of the 

different initiation factors is required. Moreover, we ought to understand how 

these initiation factors are able to interact with each other and with viral and 

host messages. This subject was reviewed by J. Hershey and W. Merrick, who 

discussed the enormous progress that has been made in the past years in 

cloning the genes for the numerous eukaryotic initiation factors, 

understanding their precise function in translation, and regulation of their 

activity by phosphorylation and other modifications. W. Merrick described the 

different mechanisms of translation initiation and particularly experiments 
done in his lab on interna! binding of ribosome in in vitro translation systems. 

Dr. Merrick's talk served asan introduction to severa! presentations by V. 

Agol, N. Sonenberg, R. Jackson, E. Wimmer, H. Voorma and E. Ehrenfeld, 

who described the extensive analysis of the 5' untranslated region in 

picomavirus RNAs' that serve as the interna! ribosome entry site (IRES) or 

ribosome landing pad (RLP). Severa! critica! nucleotides and secondary 
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structure motifs were identified and characterized. Furthermore, proteins that 

recognize the !RES were id~?tified and are currently purified and 

characterized in severa! laboratories. A major breaktrough was reported by E. 

Wimmer, who found that infectious poliovirus particles can be made in the test 
tube upon addition of the viral mRNA and the necessary components for 

translation and replication of the viral RNA. 

P. Sarrow reported that in te mal binding of ribosomes on eukaryotic 

mRNAs is not unique to viral mRNA, since severa! cellular mRNAs from 
mammals and Drosophila initiated translation by a similar mechanism. 

These findings have major implications for the understanding of the control of 

translation initiation during the cell cycle, in development and differentiation. 

Considerable interest has been generated by the presentations on the 

mechanisms of the shut-off of host protein synthesis during picomavirus 

infection. E. Ehrenfeld and D. Etchison described the importance of eIF-3 

associated with p220 for cap recognition and the proteolysis of p220 in poliovirus 

and FMDV infected cells. L. Carrasco described the importance of membrane 

damage and consequent changes in monovalent ion concentrations on the 
preferential translation of viral versus cellular mRNAs. The experimenta that 

are now in progress in Dr. Carrasco's lab are to express the different poliovirus 

genes in yiyo and to determine the proteins that are involved in membrane 

modifications. 

The meeting continued with the description of the mechanisms by which 

other viruses regulate the translation of their own mRNAs and those of the 

host. A. Shatkin described an interesting mechanism employed by reovirus to 
regulate the translational elongation of a bicistronic mRNAs. R. Garry 

summaryzed the evidence that the shut-off of hust translation by Togaviruses 
in correlated with the ionic changes in the infected cell. M. Mathews and R. 

Schneider described two different mechanisms by which adenovirus shuts off 

host protein synthesis and prevents the host defense mechanism involving 

interferon to interfere with viral replication. A similar mechanism for 

protection by the virus from the host defense machinery was detailed by M. 

Clemens for Epstein-Barr virus. Yet another mechanism described by R. 
Bablanian involving polyA transcripts was found to operate in the shut-off of 

host protein synthesis caused by vaccinia virus. 
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The meeting was concluded by two talks describing recent work on the 

cloning and mechanism of action of one of the best understood mediators of 

interferon action - the double-stranded RNA dependent kinase, that is a major 

component of the cell defense against virus infection. 

In summary, the la test advances in the understanding of host-virus 

interactions at the cellular level have been presented. It is clear that many 

challenges, including the development of effective anti-viral therapy, lie ahead. 

Nonetheless, the remarkable knowledge that has been assembled instills hope 

that viral disease will be conquered in the not too distant future. 

We consider that this worshop succeeded by all means to fulfil the 

expectations of the participants both from the scientific and the social view

points. We feel that we interpret the feeling of all the participats stating that all 

of us very much enjoyed the facilities and the excellent food of the Parador 

Nacional de Sigüenza. All this was accomplished by the great expertise and the 

efficacy of Andrés González and the excellent staff of the Fundación Juan 

March in organizing these International Workshops on Biology. 
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59 Alfonso Rodríguez, C. N. : 
Efectos magneto-ópticos de simetría 
par en metales ferromagnéticos. 

63 Vidal Costa, F.: 
A la escucha de los sonidos cerca de 
T)_ en el 4He líquido. 

65 Andréu Morales, J. M.: 
Una proteína asociada a membrana y 
sus subunidades. 

66 Blázquez Fernández, E. : 
Desarrollo ontogénico de los recepto
res de membrana para insulina y glu
cagón. 

69 Vallejo Vicente, M.: 
Razas vacunas autóctonas en vías de 
extinción. 

76 Martín Pérez, R. C.: 
Estudio de la susceptibilidad magne
toeléctrica en el Cr20 3 policristalino. 

80 Guerra Suárez, M.ª D.: 
Reacción de amidas con compuestos 
organoalumínicos. 

82 Lamas de León, L. : 
Mecanismo de las reacciones de ioda
ción y acoplamiento en el tiroides. 

84 Repollés Moliner, J. : 
Nitrosación de aminas secundarias 
como factor de carcinogénesis am
biental. 

86 11 Semana de Biología: 
Flora y fauna acuáticas. 

87 11 Semana de Biología: 
Botánica. 

88 11 Semana de Biología: 
Zoología. 

89 11 Semana de Biología: 
Zoología. 

91 Viétez Martín, J. M.: 
Ecología comparada de dos playas de 
las Rías de Pontevedra y Vigo. 

92 Cortijo Mérida, M. y García Blanco, F. : 
Estudios estructurales de la glucógeno 
fosforilasa b. 

93 Aguilar Benítez de Lugo, E.: 
Regulación de la secreción de LH y 
prolactina en cuadros anovulatorios 
experimentales. 

95 Bueno de las Heras, J. L.: 
Empleo de polielectrolitos para la flo
culación de suspensiones de partícu
las de carbón. 

96 Núñez Álvarez, C. y Ballester Pérez, A.: 
Lixiviación del cinabrio mediante el 
empleo de agentes complejantes. 

101 Fernández de Heredia, C.: 
Regulación de la expresión genética a 
nivel de transcripción durante la dife
renciación de artemia salina. 

103 Guix Pericas, M.: 
Estudio morfométrico, óptico y ul
traestructural de los inmunocitos en la 
enfermedad celíaca. 

105 Llobera i Sande, M.: 
Gluconeogénesis ccin vivo» en ratas so
metidas a distintos estados tiroideos. 

106 Usón Finkenzeller, J . M.: 
Estudio clásico de las correcciones ra
diactivas en el átomo de hidrógeno. 

107 Galián Jiménez, R. : 
Teoría de la dimensión. 

111 Obregón Perea, J. M.": 
Detección precoz del hiporitoidismo 
congénito. 

115 Cacicedo Egües, L.: 
Mecanismos moleculares de acción de 
hormonas tiroideas sobre la regula
ción de la hormona tirótropa. 

121 Rodríguez García, R. : 
Caracterización de lisozimas de dife
rentes especies. 

122 Carravedo Fantova, M.: 
Introducción a las orquídeas espa
ñolas. 
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125 Martínez-Almoyna Rullán, C.: 
Contribución al estudio de la Manome
tría ano-rectal en niños normales y con 
aletraciones de la continencia anal. 

127 Marro, J .: 
Dinámica de transiciones de fase: Teo
ría y simulación numérica de la evolu
ción temporal de aleaciones metálicas 
enfriadas rápidamente. 

129 Gracia García, M.: 
Estudio de cerámicas de interés ar
queológico por espectroscopia Moss
bauer. 

131 García Sevilla, J . A. : 
Receptores opiáceos, endorfinas y re
gulación de la síntesis de monoaminas 
en el sistema nervioso central. 

132 Rodríguez de Bodas, A. : 
Aplicación de la espectroscopia de 
RPE al estudio conformacional del ri
bosoma y el tRNA. 

136 Aragón Reyes, J. L.: 
Interacción del ciclo de los purín nu
cleóticos con el ciclo del ácido cítrico 
en músculo esquelético de rata duran
te el ejercicio. 

139 Genís Gálvez, J. M.: 
Estudio citológico de la retina del ca
maleón. 

140 Segura Cámara, P. M.: 
Las sales de tiazolio ancladas a sopor
te polimérico insoluble como cataliza
dores en química orgánica. 

141 Vicent López, J. L.: 
Efectos anómalos de transporte eléc
trico en conductores a baja tempera
tura. 

143 Nieto Vesperinas, M.: 
Técnicas de prolongación analítica en 
el problema de reconstrucción del ob
jeto en óptica. 

145 Arias Pérez, J .: 
Encefalopatía portosistémica experi
mental. 

147 Palanca Soler, A. : 
Aspectos faunísticos y ecológicos de 
carábidos altoaragoneses. 

150 Vioque Cubero, B.: 
Estudio de procesos bioquímicos im-· 
plicados en la abscisión de la aceituna. 

151 González López, J .: 
La verdadera morfología y fisiología de 
Azoyobacter: células germinales. 

152 Calle García, C.: 
Papel modulador de los glucocorticoi
des en la población de receptores para 
insulina y glucagón. 

154 Alberdi Alonso, M." T.: 
Paleoecología del yacimiento del Neó
geno continental de Los Valles de 
Fuentidueña (Segovia). 

156 Gella Tomás, F. J. : 
Estudio de la fosforillasa kinasa de hí
gado y leucocitos: purificación, carac
terísticas y regulación de su actividad. 

157 Margalef Mir, R.: 
Distribución de los macrofitos de las 
aguas dulces y salobres del E. y NE. 
de España y dependencia de la com
posición química del medio. 

158 Alvarez Fernández-Represa, J.: 
Reimplantación experimental de la ex
tremidad posterior en perros. 

161 Tomás Ferré, J. M.ª: 
Secreción y reutilización de trifosfato 
de adenosina (ATP} por sinaptosomas 
colinérgicos. 

163 Ferrándiz Leal, J. M.: 
Estudio analítico del movimiento de 
rotación lunar. 

164 Rubió Lois, M. ; Uriz Lespe, M.ª J. y Bibi
loni Rotger, M.ª A. : 
Contribución a la fauna de esponjas 
del litoral catalán. Esponjas córneas. 

165 Velasco Rodríguez, V. R.: 
Propiedades dinámicas y termodiná
micas de superficies de sólidos. 

166 Moreno Castillo, l.: 
Ciclo anual de zooplancton costero de 
Gijón. 

168 Durán García, S.: 
Receptores insulínicos en hipotálamo 
de rata: localización subcelular y me
canismo(s) de regulación. 

169 Martínez Pardo, R.: 
Estudio del mecanismo secretor de 
hormona juvenil en oncopeltus fascia
tus. 
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171 García Jiménez, J.: 
Fusariosis del gladiolo: un estudio pre
liminar. 

173 Fernández Aláez, C.: 
Análisis estructural en sabinares de la 
provincia de León. 

174 Furia Egea, J. : 
Citokinas en agrios. Actividades endó
genas, efectos fisiológicos y aplicacio
nes. 

180 Moreno Rodríguez, J. M.: 
Estudios ecológicos en jarales (cistion 
laurofilii): Variación anual de algunos 
factores del entorno y manifestaciones 
fenológicas. 

182 Pons Vallés, M. : 
Estudios espectroscópicos de fosfolí
pidos polimerizables. 

183 Herrero Ruiz de Loizaga, V. J. : 
Estudio de reacciones químicas por 
haces moleculares. Aplicación a la 
reacción C2H58r + K Brk + C2H5• 

193 Martín García, V. S.: 
Utilización sintética en química orgáni
ca de metales pesados como cataliza
dores. Oxidación asimétrica. 

195 Badía Sancho, A. : 
Receptores presinápticos en el con
ducto deferente de rata. 

196 Estévez Toranzo, A. : 
Supervivencia de patógenos bacteria
nos y virales de peces en sistemas de 
cultivo. 

197 Lizarbe lracheta, M.ª A.: 
Caracterización molecular de las es
tructuras de colágeno. 

203 López Calderón, l.: 
Clonación de genes de «Saccharomy
ces cerevisiae» implicados en la repa
ración y la recombinación. 

211 Ayala Serrano, J. A.: 
Mecanismo de expresión de la PBP-3 
de «E. coli»: Obtención de una cepa hi
perproductora de la proteína. 

240 Genetic Strategies in Development. 
Symposium in honour of Antonio García 
Bellido. Lectures by S. Ochoa, S. Bren
ner, G. S. Stent, E. B. Lewis, D. S. Hog
ness, E. H. Davidson, J. B. Gurdon and 
F. Jacob. 

244 Course on Genome Evolution. 
Organized by E. Viñuelas. Lectures by R. 
F. Doolittle, A. M. Weiner/N. Maizels, G. 
A. Dover, J. A. Lake, J. E. Walker, J. J. 
Beintema, A. J. Gibbs, W. M. Fitch, P. Pa
lese, G. Bernardi and J. M. Lowenstein. 

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 
Loan. Lectures by L. C. Van Loan, 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-Olmedo. 

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. Pages. 

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

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. García-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. Azorín, 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. Horz, T. Koller, U. K. 
Laemmli, E. Di Mauro, D. Rhodes, T. J. 
Richmond, A. Ruiz-Carrillo, R. T. Simpson, 
A. E. Sippel , J. M. Sogo, F. Thoma, A. A. 
Travers, J . Workman, O. Wrange and 
C. Wu. 

257 Lecture Course on Polyamines as mo
dulators of Plant Development. 
Organized by A. W. Galston and A. F. Ti
burcio. Lectu;es by N. Bagni, J. A. Creus, 
E. B. Dumbroff. H F. F!ores, A. W. Galstun, 
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. Ortín. 
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. 
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Established in 1955, 
the Juan March Foundation is a non-profit organization 

dedicated to cultural, 
scientific and charitable objectives . 

It is one of the most important in Europe, 
considering its endowment and activities. 

The Juan March Foundation has collaborated 
significantly in the area of science and research by 

funding awards, grants and scholarships 
for scientific training, 

supporting research studies 
and publishing research results . 

Since 1970, the Foundation 
has dedicated special attention to the field of Biology 

by means of various programmes , 
such as the Plan on Molecular Biology 

and its Applications (1981-88) 
and at present the Programme of 
International Meetings on Biology, 

designer to actively promote the relationship 
between Spanish biologists and their international colleagues . 
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