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Biological research very frequently involves reductionist experimental 
approaches on very specialized aspects of the cell structure, regulation or 
fate. However, it is becoming more evident every day that biological 
phenomena are profoundly and extensively interrelated and interdependent. 
For a virologist like me, an outsider in the Cell Biology field, it was 
quite a surprise when work of our group, as well as others, showed that the 
influenza virus NS1 protein, a small non-structural protein, was able to 
alter several aspects of the gene expression program of the cell, including 
pre-mRNA splicing, nucleocytoplasmic transport and mRNA translation. 
Therefore, it was not a fully altruistic idea to propase to the Centre of 
lnternational Meetings on Biology ("Instituto Juan March de Estudios e 
Investigaciones") a Workshop to integrate discussions on the 
post-transcriptional steps involved in gene expression. Looking at the 
state of the field, 1 felt that it was particularly appropriate to look at 
the recent advances with an integrative perspective and that the Spanish 
scientists, myself included, could learn very much from it. 

The organization of such a meeting would have been impossible without the 
active role of relevan! researchers in the field. 1 was very lucky to have 
lain Mattaj and Juan Valcarcel as co-organizers, who helped very much in 
the difficult task of selecting, among the many excellent scientists 
covering these tapies, those that would make an appropriate blend for a 
successful meeting. 

lt was the purpose of the meeting to find interconnections between the 
several steps that take place from the point a primary transcript is 
synthesized up to the moment its corresponding mRNA is actively translated 
and, eventually, degraded. After three days of intensive exchange of ideas, 
the outcome of the workshop exceeded our expectations. lndeed, both the 
oral and poster presentations, as well as the very active discussions, 
supported previously suspected connections and opened our minds to 
unexpected new ones. 

The meeting took place in the incomparable atmosphere of the Fundacion 
Juan March premises, surrounded by art exhibitions and concerts, and much 
of its success should be attributed to the expert and elegant dedication of 
Andres Gonzalez and his co-workers, who provided us with every facility one 
could think of to allow our work to proceed smoothly. On behalf of everyone 
in the meeting, 1 should like to transmit our gratitude to them. 
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EARLY STEPS OF THE SPLICEOSOME ASSEMBLY: IMPORTANCE 
OF BRANCHPOINT REGION RECOGNITION 

Pierre Le~ .and Jean-Christophe Rain 
taborato:iie u Métabolisme des AR..N", Dept of Biotechnology, Insti.tut Pasteur, 
Paris, France. 

5' splice si te and branchpoint intronic conserved regi.on5 are important for 
spliceosome assembly through base pairing with Ul and U2 snRNAs, 
respecti.vely. Commitment complexes formed in vitre involve the 5' splice site 
and the branchpoint region. They contain the Ul snRNP parti.cle and associated 
proteins but do not reqtrire U2 base pairing with pre-mRNA. Tiús result suggests 
that initial steps of spliceosome formation involves protein:RNA interactions 
that bring together intronic sequences involved in the first catalytic splicing 
step. In vivo, splicing defect analyses do not discriminate between spliceosome 
formation or splicing catalysis defects and the precise contribution of the 
conserved nucleoti.des for either process remains unclear. To identify sequence 
reqnirements for spliceosome formation in vivo, we analyzed many intronic 

point mutations with a previously described pre-mRNA export assay1 in which 
· a synthetic open reading frame intron is inserted in a hybrid CYCJ-LacZ gene 

under the control of a galactose inducible promotor. Measurement of B­
galactosidase activity, after galactose induction, is used as an indication of pre­
m.RNA expon. The nuclear escape of pre-mRNA is a mark of an intron 
recognition defect. 

Severa! point m.utations were made at specific positioD.s at the 5' splice 
site: intronic mutations exhibit a strong pre-mRNA expon phenotype whereas 
ex.onic mutations have no phenotype. This confirms that this assay points 
toward positions involved in intron recognition. Then we looked for the 
function of branchpoint region nucleotides by maki.ng a random mutant library 
of the 12-nucleotide sequence TCfATACTAACA. We screened 900 yeast 
transformants using a qualitative filter assay for B-galactosidase activity after 
galactose induction. All 85 positive candidates - at least a 2 fold increase of the 
wildtype activity - were further analyzed and sequenced. We identified 39 point 
mutants: all but one (see below) are located within the TACfAAC sequence at 
any of the seven positions and exhibit a more or less severe expon phenotype. 
Any double mutant involves at least one mutation in the TACfAAC sequence. 
This result shows that the recognition of the intron and/or the stability of 
spliceosome involve mainly the whole TACfAAC sequence. 

Analysis of pre-mRNA export and splicing deficiency was made for every 
single substitution in the TACfAAC sequence. Splicing efficiencies were 
analyzed by primer extension and by sub-doning mutant introns in a reponer 
gene whose .B-galactosidase activity reflects splicing. One of the striking results 
is that the amount of the exponed pre-mRNA does not correlate directly with 
the intensity of the splicing defect. For example, at sorne positions, the three 
substitutions have very di.fferent effects on splicing, while they exhibit similar 
pre-mRNA expon phenotypes. Whereas splicing phenotypes of various m.utants 
can be explained by different U2 base pairing efficiency, pre-mRNA export 
could not. This result suggests the presence of other factors interacting with the 
branchpoint regían. 

One export mutant was the A to C substitution at the position preceding 
the TACfAAC sequence. An analysis of the four substitutions at this position 
shows that a T nucleotide allows an almost undetectable amount of pre-mRNA 
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export, ":hcreas C has the strongest pre-mRNA export phenotype~ Contrary to 
mutants m the TACfAAC sequence, we fmd for these mutants a very good 
correlation between pr~mRNA export and splicing deficiency. This resuh 
suggests that the position preceding the TACTAAC seqnence núght be an 
important parametcr for intron recognition rather than for splicing catalysis. Tiris 
hierarchy between the four nucleotides at the position preceding the 
TACfAAC sequence was also found among natural introns whose sequences 
exhibit a strong bias toward a T and arare occw:rence of a C residue. 

Severo trans-acting factors, Pxp9p, llp, 21p and Mud2p, were analyzed 
for their involvement in the pre-mRNA export phenotype of branchpoint region 
mutants. Prp9p, llp and 2lp are implicated in the U2 snRNP binding to the pre­
mRNA anáMud2p is a Ul snJU..lJ>-associated protein known to be important for 
the formation of comnútment complexes in vitro. Overexpression of PRP9,11 or 
21 genes do not modify the pre-mRNA export phenotype of branchpoint region 
mutants. On the contrary, the expression of the MUD2 gene modulates the 
phenotype of mutants at the position preceding the TACTAAC: a strain 
disrupted for the MUD2 gene exhibits an increased pre-mRNA export compared 
to a wildtype strain and this effect is specific for this mutant position. 

In conclusion, the recogniñon of an intron involves the complete 
TACfAAC sequence and the _preceding posiñon. This study emphasizes the 
importance of this conserved mtronic sequence, brought to~ether with the 5' 
splice site, as an essential element of intron recognition. Binding of splicing 
factors occur at both sites but stable formation of commitment complexes 
requires joint recognition through protein factors, among them the Mud2p 
protein. 

1 Cell (1989), 57,573-583. 
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STRUCTURE ANO FUNCTION OF SMALL NUCLEAR 
RIBONUCLEOPROTEINS FROM SACCHAROMYCES 

CEREVISIAE 

B. Séraphin, E. Pascolo, M. Luukkonen, S. Kandels·Lewis and Z. 
Lygerou 

EMBL, Meyerhofstrasse 1, 0·69117 Heidelberg, Germany 

Small Nuclear RiboNucleoProteins (snRNPs) are particles found 
In the nucteus of eukaryotic cells that are composed of one RNA 
associated with one or more proteins. The spllceosomal U,, U2, U4 and 
U5 snRNAs are associated with Sm proteins as well as snRNP-specific 
proteln(s). The aight small Sm proteins form a heteromeric ANA binding 
comptex that plays a majar role in snRNP biogenesis. They are also a 
major target for autoantibodies in the human disease systemic lupus 
erythematosus. By sequence comparison we ha ve shown that all the 
known Sm proteins share a common sequence motif suggesting that 
they ha ve similar fold. This might explain their immunological cross­
reactivity. Database searches uncovered a large number of Sm-like 
proteins from plants, animals and fungi. Soma of the divergent yeast 
proteins were shown to be true Sm proteins as they associate with the 
yeast U1, U2, U4/U6 and U5 snRNAs. Surprisingly, one Sm·like protein 
was found to be a component of the U6 snRNP (,), These flndíngs have 
lmplice.tions for the structure of the Sm protein complex, spliceosomal 
snRNP evolution, snRNA transport, snRNA modification and the 
involvement of Sm proteins in systemic lupus erythematosus. Beside the 
Sm proteins, we ha ve al so characterlsed a protein of the RNase P and 
MRP snRNPs which are involved in tRNA and rRNA processing 
respectlvely (2). 

We are also analysing the function of these various snRNPs. We 
ha ve deve!oped an in vitro assay for RNase MRP which allowed the 
identification of the nucleolar RNA cleaved by this enzyme. We are al so 
interested in the role of snRNP in pre-mRNA spliclng. We have shown 
that repet~ive recognition of 5' splice site sequences through base­
pairing with the U1, U5 and U6 snRNAs is required for splicing accuracy 
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(3). Further work ls in progress to understand the role of snRNPs in 
spllce sita selectlon and catalysis during RNA prooessing. 

1 - Séraphin, B. EMBO J. in press. 
2 • Lygerou, Z., Mitchell, P., Petfalskl, E., Séraphin, B. and Tollervey, o. 
(1994) Genes & Dev. 8, 1423·1433. 
3 • Kandels·Lewis, S. and Seraphin, B. (1993) Science 262, 2035-2039. 
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NA TIVE-CAPTURE ELUTION OF SPLICEOSOMES 

Montserrat Bach-Elias, Caries Codony, Regina M. Barretto Cícarelli, 
Ruth Espuny, Amina Khaonja. Diana Bahi~ M. Angeles Che~ Sonia 

Trigueros. 

CID-CSIC Barcelona. e/ Jorge Girona Salgado 18-26 08034 Barcelona 

Spain 

A new approach is taken to purify native spliceosomes. It is based 

on the use of sorne BrU or BrdUTP residnes that bave been 

incorporated at the 3' end of tbe pre-mRNA or in sorne intemal U 
residues of the pre-m.RNA. Having in minó. that anti.bodies anti-cap 

have been shown to be an i.mportant too! to select spliceosomal 

ribonncleoproteins, in the same way antibodies anti.-BrU or anti­

BrdU could be also useful to capture spliceosomes. Experiments 

done with comercial and monoclonal anti-BrdU have shown that at 

Ieast 20% of total spliceosomes could be selected wíth pre-mRNA 

elongated with BrdUTP and that they can be elnted by competition 

with free BrdUfP. These results, anímate to prepare polyclonal 

rabbit/ascites annoodies in arder to selectively purify antibodies 

anti-BrU that compite with free BrU, that could be more free of 

RNAses. In parallel, to give validity to the described method, a 
complementation assay was developped. In this assay a HeLa 

splicing extract that perlorms the second splicing reaction in a very 
slow way was complemented with purified yeast UsnRNPs. These 

yeast UsnRNPs sti.mulate the second HeLa splicing reaction, that 

confinns once more the conservation of splicing factors from yeast 

to HeLa. Experiments are ongoing to combine the two proposed 

systems, in order to study whether the BrU-captured splíceosomes 

are native enough to be complemented with second reaction 

splicing factors. 
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A Novel Spliceosome Containing Ull, Ul2 and U5 snRNPs 
Excises a Minor Class (AT -AC) Intron in · vitro 
Woan-Yuh Tarn and Joan A,. Steitz '. 
Department of Molecular Biophysics and Biochemistry 
Howard Hughes Medica! Institute. Yale University School of Medicine 
295 Congress Avenue, New Raven, CT 06536, USA 

A minar class of introns with noncanonical splice (AT-AC) and branch 
site sequences exists in metazoan protein coding genes(!). We have 
established a HeLa cell in vitro system that accurately splices a pre­
mRNA substrate containing such an intron from the human P120 gene. 
Splicing occurs vía a Iariat intermediare whose branch site A residue is 
predicted to bulge from a duplex formed with the low abundance U12 
snRNP(2), whicb we confirm by psoralen crosslinking. Native gel 
electrophoresis reveals that Ull, U12 and U5 snRNPs assemble onto the 
Pl20 pre-mRNA to forro splicing complexes that resemble the A, B and C 
complexes characterized for the majar spliceosome. Inhibition of P120 
splicing by 2'-0-methyl oligonucleotides complementary to Ul2 or US 
demonstrates that U12 and U5 snR.NPs perform essential roles in the 
AT-AC spliceosome. Our results suggest the existence of lower 
abundance U4 and U6 snRNP analogs, and raise many questions 
concerning che A T -AC splíceosome. 

References 

Hall, S. L., and Padgett, R. A. (1994) Conserved sequences in a class of 
rare eukaryotic nuclear introns with non-consensus splice sites. J. Mol. 
Biol. 239, 357-365. 

Tarn, W.-Y., Yario, Y. A., and Steitz, J. A. (1995) U12 snRNA in 
vertebrates: evolutionary conservation of 5' sequences implicated in 
splicing of pre-mRNAs containing a minar class of introns. RNA 1, 644-
656. 
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ANALYSIS OF CONSTITUI'IVE AND ALTERNATIVE mRNA SPLICING FACTORS 

Adrian R ~avier Cáceres, David Horowitz, Akila Mayeda, and lkuko Watakabe 
Cold Spring Laboratory, Cold SpringHarbor, NY 11724, USA 

We use biochemical and molecular approaches to identify and characterize cellular 
components required for splicin~ and/or involved in regulating altemative splicing in human cells. 
We recently identified a 343-ammo acid human protein, hPRP18, which has 30% identity to the S. 
cerevisiae splicing factor PRP18. The homology is primarily in the C-terminal third of the protein, 
which is also conserved in rice and nematode ESTs. We expressed hPRP18 in E. coli and raised 
antibodies to it, which were used to deplete hPRP18 from HeLa cell nuclear extracts. 
Immunodepletion specifically and completely blocks the second step of splicing, leading to 
accum.ulation of splicing intermediates. Recombinant hPRP18 restores the second step of splicing, 
demonstrating that hPRP18 is essential for catalytic step II. Recombinant yeast PRP18 also 
restores activity to the depleted human extract, showing that the yeast and human proteins are 
functional homologs. However, hPRP18 cannot functionally replace yeast PRP18, either in vivo 
or in vitro. hPRP18 does not appear to be stably associated with snRNPs. Unexpectedly, anti­
hPRP18 antibodies crossreact wtth a protein that appears to be a novel component of U4/U6 and 
U41U6·U5 snRNP parti.cles. 

We are characterizing three families of RNA-binding proteins that act antagonistically to 
modulate alternative splice site selection in vitro or in vivo. The human SR protein family consists 
of eight known members, each of which can act independently as an essential splicing factor 
required for an early step in spliceosome assembly. In addition, each SR protein promotes the 
selection of specific altemative 5' and/or 3' splice sites in a concentration-dependent manner, and 
usually in a position-dependent manner. For example, the prototype SR protein, SF2/ASF, favors 
exon inclusion or the selection of proximal altemative 5' or 3' splice sites with a variety of pre­
mRNA substrates, both in vivo and in vitro. The hnRNP A!B proteins, exemplified by hnRNP Al, 
antagonize SR proteins to promote distal 5' splice site use and skipping of altemative exons. We 
have also purified SF7 A, one of severa! activities that antagonize SR proteins to promote distal 3' 
splice site selection in vitro. Pairwise antagonistic interactions between specific members of these 
three families of RNA-binding proteins may generate sufficient combinatoria! diversity to account 
for the developmental or tissue-specific regulation of many cellular genes by altemative splicing. 

To understand the structural basis for the observed substrate specificity of each SR protein in 
constitutive and alternative splicing, we are analyzing domain deletion and chimeric variants of 
SF2/ASF and other SR proteins. We found that the RS domain of SF2/ASF is not required for 
localization in the nucleoplasmic speckles, or for altemative splicing activity in vivo. Other SR 
proteins with a single RRM do require the RS domain for proper localization, whereas SF2/ ASF 
has redundant localization signals in both RRMs and in the RS domain. Either RRMl or RRM2 
can be deleted without loss of altemative splicing function in vivo, but RRM2 appears to confer 
splice-site specificity with certain substrates. We also found strong substrate-specific differences 
between SR proteins in constitutive splicing, and are mapping both the protein domains and 
substrate sequences responsible for these differences. 

Finally, we are continuing to study the structure and function of hnRNP NB proteins. In the 
case of hnRNP Al, we found that RRMl and RRM2, as well as the Gly-rich C-tenninal domain 
are required for altemative splicing function. The Gly-domain is required for RNA binding, and 
both RRMs are necessary for sequence-specific binding. Although two RRMs are required for 
function, RRM duplication and swap experiments (in collaboration with S. Munroe, Marquette 
University) suggest that RRM2 plays a more important role. hnRNP Al, A2, and Bl, all o~ which 
are active in altemative splicing, have related high-affuúty binding sites, whereas hnRNP Al 8 • 

which is much less active, binds non-specifically. The observed correlati.on between function and 
binding to Selex sites suggests that alternaóvc splicing acóvity involvcs scqucn cc - ~pccific binding 
by these hnRNP proteins. 
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MECHANISMS OF 3' SPLICE SITE DEFINITION AND REGULATION 
Juan Valcárcel*, Rajesh K. Gaur and Michael R. Green 

Program in Molecular Medicine. Universiry of Ma."achusells Medica! Center. 373 Plamation Sr. Worcesrer, MA 
01605, USA. 
• Present address: Gene Expre.,sion Prograrrune. European Molecular Biology Labornlory . Meyerhofsrmsse, l. D-69117 
Heidelberg. Genn:Uly. 

Removal of introns is an essential step in the expression of genes from primary transcripts to 
proteins, and is often subject to regulation during cell differentiation and development. Three 
sequence elements mediate recognition of the 3' end of introns in higher eukaryotes : ll a highly 
conserved terminal 3' AG dinucleotide, 21 a poorly conserved branchpoint sequence, usual! y located 
12-35 nucleotides upstream from the AG, and 3/ a polypyrimidine (Py) tract inmediately downstream 
from the branchpoint. Two of these sequences panicipate in the chemical steps of the splicing 
reaction: a nucleotide in the branchpoint region forms a 2'-5' bond with the 5' end of the intron 
during the first step, and cleavage of the intron after ,the AG dinucleotide occurs during the second 
step. 

The splicing factor U2Af6S binds to the Py-tract and facilitates recognition of the branchpoint 
by U2 snRNP. This protein has two modules: an RNA-hinding domain composed of three RNP-CS 
motif~. and an amino-teJminal arginine-serine-rich (RS) domain. We have found that when U2Af65 
binds to the Py-tract through its RNP-CS domain, the RS region contacts the branchpoint. 
Mutational analysis revealed that the RS region could be suhstituted by heterologous RS domains 
present in functionally unrelated splicing factnrs . ore ven hy a "synthetic" (RS)7 domain, and that the 
only requirement for RS domain function is the presence of positively charged aminoacids in this 
region of the protein . Because U2 snRNP hinding involves limited and imperfect base-pairing 
hetween U2 snRNA and the branchpoint, we investigated whether the role of the positively charged 
RS region in contact with the hranchpnint is tu facilitate this otherwise unstahle interaction. Our 
results indicate that the RS region is required ror U2 snRNA-branchpnint base-pairing in nuclear 
extracts. and fnr U2Af6S 10 promote this intcraction in a reconstituted system cnmaining only the 
protein, U2 snRNA and pre-mRNA. Funhermnre. we fnund a perfect correlation between the ability 
of the different RS mutants to support splicing, contact the hranchpoint, and mediate U2 
snRNA/hranchpnint annealing. This targetted annealing activity of U2Af65 can illusu·ate how 
formation of short RNA helices, which are esscntial fnr the assembly and catalytic activation of the 
spliceosome, can be assisted by protein splicing factors. 

The branchpoint is highly cnnserved in yeast and is very sensitive to mutation . We have 
observed that a Py-tract, which is usually absent from yeast pre-mRNAs. can suppress mutations in 
the hranchpoint. These results suggest the existenct! . also in lower eukaryotes, of a U2Af65.1ike 
activity able to assist U2 snRNA-branchpoint hase-pairing. 

Because nf its central role in 3' splice si te detinition. U2Af6S is a good target candidate for 
n.:gulatinn. Consisten! with this idea. wt! have fnund that the Drosophila splicing regulator Sex-lethal 
(Sxl) mediales alternative 3' splice site chnicl! in th t: pre-mRNA of tmnsformer by antagonizing 
U2AF"5 at a particular 3' splice site, which results repressed . While U2Af65 is a general splicing 
factor able to recognize multiple Py-traets. tht: high selectivity nf Sxl for the Py-tract of the repressed 
J' splice si te can explain the specificity of Sxl functinn . The ahsence from Sxl of an effector domain 
able to pro mote U2 snRNP recruitment explains why Sxl is a splicing repressor while U2AF65 is a 
splicing activator. Recent work using transgenic !líes (in cnllaboration with Lucas Sánchez's !ah, 
CIB-Madrid) indicates that antagonism with U2Af<•5 can explain how Sxl regulates transformer, but 
is nnt sufficient to explain how it regulates nther target gene . ~. suggesting additional mechanisms 
in volved in the regulatinn of thesc other genes by Sxl. 

lt has heen proposed that U2AF(•5 can alsn he thc: targ<.:t l'or positive T spli¡;e si te regulation 
mediated by purine-rich exnn enhancers. Tu explore this possibility, we tested whether the presence 
of an exon enhancer can facilitate splicing nf a pre-mRNA suhstrate under conditions of limited 
availahility of U2Af(•5 _ Our results suggest that th t: stimulation of J' splice síte usage by exon 
enhancers is me.diated hy a Py-tract-assnciated factor distinct frnm U2Af<•S 
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NUCLEAR ORGANIZATION OF SPLICING snRNPs. 

Anqus I. Lamond 

Department of Biochemistry; University of Dundee, 
Dundee DDl 4KN, Scotland, UK 

Tlie ·. sinall · nudea:r · ribonucleoprotei_ns · (snRNP~) :': involve'd . · in: 
· pr!'l~inRNA spllc~g : · show ·. ?- eompl&x locali~tion .::patter·n .Jri 
. mammalian .. ceils. Jñéy . i3:ré ·. ·.e6nceiitrated. in the·. nucleopiasiii 1. 

exclucied trom' .nucle·oil, ' ·arid associate · wíth S:everal .' diS:tinct 
subnuclear . súuctures. :' inclué:iíng perichrÓrriatin .· .fibrils, 
cluster$ . ,of. interchroniatin ·granules an,d i;oiled . boi:fies.' 
Ph)bably • mast;. lf not al!, ~plicing · of , pre-mRNA · tak~. pl~ce 

on. nascent trariscrlpts: The niatuling pre-mRNA ··¡$ ' id.entified 
iri- . Üie EM . as , ·chromatiri .assoclated · fíbte·.s -callad 
perichrorriatin jlbrlls. ·¡n the · Hgtit microscope ·: traiiscriptión 
sltes, · when label~d by ineorporation of Br~UTP, appear .as 
ma:ny hundre~ ot brigh~ foci widely dispersed throughoui the 
nUcleoplasm •. 'Neithef the coiled bodies; nor the· . clust~rS of 
interchro.matin 'granules, are .. rhajor sites of ·. transc'riptioii, .. 
atthough both ~ontain :splicing snRNPs. The functiohs of thesé 
structures are still unknown but could. include ·.roles in · snRNP 
assemb¡y~ . dis~ssembly; . ~atUration , . transport ; ari~/~r .stoi'age. 

We are . intei'ested · í_n· how subcompartrilents ' viittiln the. 
nuCieus are assemblE!d and how RNPs and other comparierits· 
are: specifically targeted to these structures ~ .. -A~ ~ : ·. rnodel 
system ·for underst~uiding RNP compartmerits .¡¡, ·the '·riüdeus 
wé ere . studying ·-the = stf'):lcture and assernbly of . c9iled b.odies 
with. a viéw: .to . under~tanding what mi e thisc consenied 

·organelle plays in nuclear function . Coiled bodies . w·e(e ti'rst 
described at th~ light microscopy leve! as long agó as . 1903 

. by the farnoüs Spanish . .cytOiogist Ramon-y,GajaL: He ' termed 
thern "hucleolar ' accessory bodies .. since thay: were '.often 
found in closé ':ássociatioo with the nucleolar peripheryi; / they 
were later radjsc~vere(! by electron microscopísts_. and :given 
the naf!Íe "coiled .body' · dué · to their . Úlúastruc_ttÚ:ai 
resembl~u1ce- . to a bundle of coiled threads, ~.JIO(Ej receqtly Tan 
ano <:QWorker$ ideni:ified . a human autoantigeri that . localizad 
to coiled bódiés, fermed pso cciilin, and this proteÚ1 lias '.now 
been · clone9 · an9 · sequenced by . ~e vera! gro'-'ps:.-.Coiled .bódres 
are found in both :·animal and plant . ce lis and ·. ccintain . a 
fraction of · the nucleoplasmic splicing snRNPs .· b~t riot rRNA: . 

·. They also conte,in ·. sm.all ·. amounts .. of . · sevéral , nu~leolár · 
;·antigens- ·· · · · · · · 
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. We h~ve ü~dertaken a motecl.ilar ~~ty · sis . qt . pSÓ . c.oilin a~d ­
- lia~e ·showri t!l.~t when _tne -tull tength · ~pÑ ' A: : . · fC?r :coúín : is 
· epitOpe t¡fgge-d : and . transientty e_?Cpre.Ss~d in o,: fiel;.a· ~ 'CeHs ;- the 
recombinimt_ .prQte.tn ·eorrectly _ localiza~ to . _coiied . b_odies . . 
Using · this -transief'lt ~xpces~ion · a~say ·we haye 5f4died ·-the 
·localization ·: of . rriutant · deiivatives. This !Úi.i ·shown- · _ cle:a:r 
:evídence tor· a · turietionat · interaction betWeen ·· ~oú~d . bodies 
and . nUcte~ti . Sp~ific . .mutatibns in p80 . coiÜn ' ~6t only . aff~ct . 
cOiled bOdies ·:but -alsó. cause diStuption of "riucleoli; .·. loss ,of 
RNA -poi· J· activity ,and segregation._ of many . :hucleola:r 
antigens. ' . . .· . . . . . . . . . . . . 

· . . . ·· 

1 witl ··present • h~re : data . shov,¡ng . the ph~notYpes .o( p80. ~o Hin 
mutatibns anc{ discuss the implic~tions . of these data 'for 
models .of nucleolé1-f functioh and . nuClear organisation. . .. 
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The down regulation of mRNA levels by premature stop codons 

C. Milstein, S. Aoufouchi and J. Yélamos. 

MRC Laboratory of Molecular Biology, Cambridge, UK 

Incomplete polypeptides resulting from nonsense mutations in one allele 

can seriously interfere with the function of a protein e.g. by competing 

with the normal gene product. This is avoided by decreasing the leve! of 

the corresponding mutant mRNA. In simple organisms (e.g. yeast) this is 

achieved by specific degradation of the cytoplasmic mRNA. However, in 

higher organisms, no alteration in the half life of the cytoplasmic mutant 

mRNA has been observed. Accelerated decay of the nuclear mRNA or pre-mRNA 

induced by the premature termination of protein synthesis has been the 

favoured hypothesis to explain the phenomenon (reviewed by Maquat, 1995). 

Antibody and T-cell receptor genes, constitute an extreme example where 

premature chain termination occur at high frequency. In both cases, the 

expressed genes involve inaccurate rearrangements of gene fragments, often 

resulting in out of frame rearrangements of one allele but not of the 

other. In addition in the case of accurately rearranged antibody genes, 

premature termination codons often arise by somatic hypermutation during 

the process of affinity maturation . As a consequence of these events the 

corresponding mRNA pool is depleted. However, no evidence of decay was 

observed with various nonsense mutants of IgK-light chains. Instead there 

seemed to be accumulation of the corresponding pre-mRNA suggesting that 

the nonsense mutations induced an inhibition of normal splicing (Lozano, 

1994) . 

The difficulty in the interpreta t ion of the results obtained so far to 

understand how premature stop codons control mRNA levels in vertebrates, 

is that they rely on experiment s using whole cells in tissue culture. 

Recently we have developed a cell free system in which inhibition of 

normal splicing ( Aoufouchi et al 1996) correlates with in vivo down 

regulation of the level of mRNA ha rbouring premature chain termination . 

It i s a common assumption that the rec ognition of stop codons is the 

result of the premature term ination o f pr otein synthe s i s . In apparent 

agreement with that assumpti o n, we will show that splicing by nuclear 

extracts is inhibited by in frame stop codons regardles s of the 

neighbouring nucleotide sequence , a nd the mutation of initiation Met->Thr 

restores splicing. However, polys omes are removed during the preparation 

of the nuclear extracts used in the analysis of splicing. Furthermore, 

protein synthesis inhibitors are unable to restore splicing . 

Another common assumption is t hat the decrease in mRNA pool i s due to 

increase rate of decay o f mRNA or pre -mRNA. We will show that both pre-
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rnRNA and rnRNA harbouring nonsense rnutations are quite stable under the 
conditions we analyse splicing by nuclear extracts. Furtherrnore, we find 
that the inhibition of splicing, exhibits tissue specificity since the 
abnorrnal splicing of irnrnunoglobulin-like genes is detected with B- but not 
with HeLa or T-cell nuclear extracts. 

These results suggests that differentiated cells contain a nuclear 
scanning device for the definition of the expected protein synthesis 
frarne, before splicing takes place . However, there rnust be additional 
tissue specific factors to stop the normal splicing process when premature 
termination codons are detected. 

REFERENCES 

Haquat, L . E . (1995). When cells stop making sense: Effect of nonsense codons on RNA 

metabolism in vertebrate cells. RNA, 1, 453-465 . 
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with inefficient splicing. EMBO J . , 13, 4617-22. 
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Nncleo-cytoplasmic trafficking of hnRNP proteins and mRNA 
e~ort . 
W. Matth.ew Michael, Sara Nakielny, Vicki Paliar~ Utz Fischer, 
Haruhiko Siomi, Mieyoung Choi. and Gideon Dxeyfuss. Howard 
Hugbes Medica! Institute, University of Pennsylvania School of 
Medicine, Philadelphia. Pennsylvania 19104-6148 

The hnRNP proteins are the majar pre-mRNA/mRNA 
binding proteins in enkaryotic cells and some of the most abundant 
proteins in the nucleus. Pre-m.RNAs associate with hnRNP 
proteins as nascent transcripts and these proteins play im.portant 
roles in the biogenesis and metabolism of mRNAs. The hnRNP 
proteins are localized primarily in the nucleoplasm, and severa! of 
them shuttle continuously between the nucleus and the cytoplasm.. 
Their intracellular transport properties are therefore of 
considerable interest as they appear to be important for formation 
of mRNA and for mRNA nuclear ex:port. We are engaged in the 
identification of the signals váthin the proteins as well as the 
machineries involved in these intracellular transport pathways. The 
hnRNP Al, a 34kD protein, is one of the most abundant bnR_NP 
proteins and it is a nucelo-cytoplasmic shuttler. We fonnd that a 37 
amino acid domain within Al, termed M9, which bea.rs no 
resemblance to classical nuclear localization signa! (NLS) 
sequences, localizes Al to the nucleus. M9 also contai.ns a nuclear 
export signal (NES); placing M9 on proteins that are otherwise 
restricted to the nucleus, such as nucleoplasmin core domain 
(N'Pc), efficiently exports them to the cytoplasm. In contrast, 
classical NLSs cannot promete the export of NPc. The M9-
mediated nuclear í:mport and export are temperature-sensitive 
processes. These findings demonstrate that there is a signal­
dependent, temperature-sensitive pathway for export of nuclear 
proteins. The M9-mediated transport pathway also operates 
efficiently in X. laevis oocytes. Furthermore, as M9 does not have 
RNA-binding activity, these results strengthen the suggestion that 
Al, and other shuttling hnRNP proteins, have the capacity to serve 
as carriers for RNA ex:port to the cytoplasm. Cand.idate M9-
binding proteins are being characterized. Related studies on 
trafficking of other RNA-bind.ing proteins and on mRNA export 
will also be described. 
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Interactions between the HIV-1 Rev protein and 
nucleoporins in yeast. 

M. Rosbash, F. Stntz and M Neville 

Brandeis University, Howard Hnghes Medical Insti.tute, Waltham, 
MA 02254. USA 

We ha ve previously shown that the HIV -1 Rev protein 
promotes pre-m.RNA expon in the yeast S. cerevisiae. Rev's 
function was e.xamined by using the CUPl reporter gene system, 
which allows to monitor Rev's activity with a growth assay. Using 
the yeast two-hybrid syste.m, we have identified a yeast gene the 
product of which interacts specifically with the wild-type Rev and 
Rex proteins but not with the Rev effector domain mutant MIO. 
The protein, RIP1/NUP42, is a novel small nucleoporin, and its 
closest .k:nown yeast relative is a nuclear pore component also 
implicated in mRNA transpon from nncleus to cytoplasm. Analysis 
of strains that overexpress RIPl or that are deleted for the RIPl 
gene ~how that it is imponant for Rev's effect on gene expression, 
indicating that the physical interaction is of functi.onal significance 
in vivo. The resnlts suggest that Rev directly promotes the 
cytoplasmic transport of suitable transcripts by targeting them to 
the nuclear pore. We have now extended these results in several 
ways. 1) We have searched for and identified several other 
nucleoporins. from mammals as well as yeast, that also interact 
with Rev in the two hybrid system; the analysis suggests that 
nucleoporin repeats are the Rev-interacting moieties. 2) We have 
analyzed the effects of 11 Rev effector domain mntants on these 
interacti.ons as well as on Rev biological activity in yeast. As the 
acti.vities of these mntants are well characterized in mammalian 
cells, their effects in yeast are instrnctive. 3) We are also 
characterizing the significance of sorne of these interactions, by 
analyzing the effect of other nucleoporin mutants on Rev function 
in yeast. More generally, the significance and biological role of the 
Rev-nucleoporin interactions wi1l be discussed. 
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IDV-1 REV AS A MODEL NUCLEAR RNA EXPORT FACTOR, 
BR Y AN R CULLEN, Howard Hughes Medical Institute and 
Department ofGenetics, Duke University Medical Center, Durham, 
NC 27710. 

The IDV -1 Rev protein is the best understood protein involved 
in the nuclear export of specific target RNA species. Rev function 
requires two domains. The first is a basic domain that media tes 1) 
nuclear import ofRev, i.) binding ofRev to its RNÁ target sequence, 
the RRE, and 3) multimerization ofRev on the target RNA. A second 
critical domain, termed the Rev activation domain, is an -1 O arnino 
acid leucine rich sequence that is critical for Rev function but 

dispensable for specific RNA binding. The activation domain has been 
shown to specifically bind a cellular, nucleoporin-like cofactor termed 
Rab or hRIP and also functions as an autonomous protein nuclear 
export signal (NES). Mutational analysis suggests that these three 
activities fully cosegregate, i.e. that the role of the Rev activation 
domain is to bind Rab which in turn induces the nuclear export ofRev 
and, hence, bound target RNA species. Functional domains 
equivalent to the Rev activation domain have recently been identified 
in TFIIIA, which is believed to function in the nuclear export of SS 
rRNA and in PK.I, which mediates the nuclear export of a cellular 
protein target. The PKI NES also binds Rab specifically and can, like 
the TFIIIA NES, fully substitute for the Rev activation domain in 
chimeric proteins. Therefore, it is clear that the Rev nuclear export 
pathway is used by multiple cellular factors and does not represent a 
dedicated RNA export pathway. 
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Interactlon with Influenza virus NSl protein ldentifies hSTL, a 
human sequence homolo¡ of D. melanogaster staufen protein 
P. Fortes. R.M Marión, A. Beloso and J. Ortfn 
Centro Nacional de Biotecnología (CSIC). Campus de Cantoblanco. 
28049 Madrid 

The influenza virus NSl protein is the only non-stroctaral protein 
induced after infection. It is localizcd mainly in the nucleus. both in 
infected cells and when expressed from cloned cDNA. although a small 
fraction is present in the cytoplasm in assoclation with polysomes [1]. Its 

expression leads to a series of effects on the viral and cellular 
transcripts: It mediates a generalized retention of polyadenylated RNA 

in the nucleus [2, 3] as well as a modolation in the splicing of pre­
mRNAs [2, 4, 5]. In addition. it enhances the rate of translation initia.tion 

of viral, but not cellular, mRNAs [1. 6]. On the other hand, genetic 
evidence has suggested that NSl protein is involved in the regulation of 

viral RNA transcription-replication (7]. Tbese plethora of effects has 
been associated to the NSl protein binding to U6 snRNA [5]. polyA [3], 

virion RNA [8] and the S' UTR. of the viral mRNAs. 
In an attempt to identify cellular factors that may play a role in 

the effects observed during NS1 protein expression, we have used the 
two-hybrid genetic trap to screen a human cDNA fusíon library nsing 
NS 1 protein as a bait. Partial sequencing of one of the interacting clones, 
isolated by its ability to induce the expression in yeast of tbe his and 

lacZ marker genes. showed a stricking homology to the D. melilnogaster 

staufen protein. When used as a probe for northem analysis, the 
interacting clone detected a mRNA of 3-4 Kb in human cells. Tbe ORF 

encoded in tbe interacting clone was expressed E. coli as a His-tagged 

protein and a specific antiserum was prepared. The expression of the 

interacting cl.bne in human cells using the CMV promoter showed a 
cytosolic partero of i.mmunofluorescence staining reminiseent of a 
citoskeleton teticulum Iocalization(as its Dro<iophila homologue). 
However, its co-expression witb NSl protein lead to a localization in 
nuclear foci tnat correlated strictly with the NSl protein localization. In 
agreement with these results, the protein encoded in the interacting 
clone could be immunoprecipitated with anti-NSl serom in extracts 
from cells co-expressing both proteins or in mixtures of ext:raets 

expressing eitber protein. 
The coding sequence of the interacting clone was used as probe to 

identify the full-length .cDNA from a A. phage libraiy. Severa! A. clones 

were isolated and their sequence was determined. The presumable full­
length clones encode a protein with 55% similarity to D. melanogaster 
staufen protein which we ba'Ve named hSTL (human .s.I.aufen-IJke). 
hS1L shows tbree of the domains respoll.Sl"ble for dsRNA binding 
described in staufen · and. within them, strictly couserve the residues 

described as essential for binding. 
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mRNA Export From the Yeast Nuc!eus, A.M.Tartakoff, 
Case Western Reserve University, Cleveland, Ohio 

Proteins which interact with specific RNA sequences or 
conformational determinants have been implicated in mRNA export. 
Since most mRNAs do not obviously share structural determinants, 
except for the 5' cap (which appears not to be essential for export), 
these specific models may not be directly relevant to the export of the 
majority of mRNAs. 

We postulate that there is a shared mechanism which causes 
export of most mRNAs and we therefore have sought to identify 
factors which are of broad importance for export. We also postulate 
that the mechanism of export can be divided into four steps: packaging 
into ribonucleoprotein particles, translocation within the nucleoplasm, 
specific recognition of nuclear pores, expulsion through nuclear pores. 
Components of the nuclear pore complex have previously been 
implicated in protein import and several mutations in pore proteins 
inhibit RNA export. lt is not known to what extent these latter effects 
are direct. 

To avoid certain of the complexities with are intrinsic to analysis 
of export, we have turned to model systems: the yeast Saccharomyces 
cerevtswe (in which the average polyadenylated RNA does not 
undergo splicing) and adenovirus (which causes its own mRNAs to be 
exported while inhibiting the export of host cell transcripts late during 
infection). 

Using a genetic enrichment and screening procedures applied to 
yeast, we have obtained a family of 20 conditional temperature­
sensitive m_RNA ttansport (mtr) mutants which, at the restrictive 
temperature, accumulate poly (A) + RNA in the nucleus (1) . All 
available mutants are recessive, severa! interrupt rRNA processing, 
but none show a ts splicing defect. Severa! of the corresponding genes 
have been cloned. 

Mtrl3p and Mtr4p may be important for the organization of the 
hypothetical mRNP. MTR13 (= NOP3, NPL3) encodes a RNA-binding 
protein which resembles hnRNP Al in that it shuttles in and out of the 
nucleus and includes both a pair of RNA recognition motifs and a 
carboxy-terminal glycine/arginine-rich domain. It shares a 
characteristic heptapeptide with the alternate splicing factors, ASF/SF2 
and pSRSS, and includes a putative nuclear export signal similar to 
that of hnRNP Al (2). MTR4 encodes a nuclear RNA-binding protein 
which includes a full set of "DEAD box" motifs as well as severa! 
leucine-rich putative nuclear export signals . This protein therefore 
may serve sorne normalizing function in the packaging or unpackaging 
of transcripts (3). 

Mtrlp and Mtr7p govern nuclear pore function. MTRI (= PRP20, 
S RM 1) encodes a homolog of a mammalian guaninine nucleotide 
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exchange factor, RCCl, a nuclear protein which regulates small 
GTPase(s) (Cnrl/2p = Gspl/2p, homologous to Ran) . This GTPase cycle 
is also regulated by the cytoplasmic protein, Rnalp. Ran itself 
interacts with nucleoporins in the context of protein import into the 
nucleus (4). MTR7 (= ACCJ) encodes a cytoplasmic enzyme, acetyl 
CoA carboxylase, which is essential for synthesis of very long chain 
fatty acids. Upon loss of Mtr7p function, there are major alterations m 
the relation of nuclear pores to the outer membrane of the nuclear 
envelope (5). 

Mtr2p and Mtr3p (as well as others) call into question the 
possible involvement of the nucleolus in mRNA export. MTR2 encodes 
a novel nuclear protein which shows weak homology to proteins 
implicated in transfer of single stranded DNA between conjugating 
bacteria. Loss of function of Mtr2p (Mtrlp, Rnalp and others) causes 
the nucleolus to fragment and the accumulated poly (A) + RNA 
associates with these fragments (6). This fragmentation is seen only 
when RNA polymerase II is active, suggesting that the accumulated 
RNA itself causes fragmentation. MTR3 encodes a novel nucleolar 
protein. Since mtr3, mtr4, mtr14 and mtr17 mutants cause poly (A) + 
RNA to accumulate in association with the nucleolus, we suggest that 
mRNPs have access to much of the nucleoplasm when their normal 
export is blocked and that the nucleolus finds such RNPs unexportable 
(7). 

In our studies of adenovirus, we have shown that one of the two 
viral proteins which is responsible for the differential export 
phenotype which characterizes the late phase of viral infection, the 
ElB 55kDa protein, can inhibit poly (A) + RNA export when expressed 
in yeast (8) . This observation suggests the existence of a 
corresponding evolutionarily shared target which is essential for 
export. It also argues that adenoviral transcripts are exported by 
sorne yet undefined path. 

Ongoing studies indicate that sorne MTR gene products are also 
critica! for protein export from the nucleus (9). We therefore suggest 
that these products define a general export path. Considering that 
sorne of these sarne genes are irnplicated in rnaturation of 20s-to-18s 
rRNA, they rnay be irnportant for export of other classes of RNA. 

(1) Kadowaki, T., Chen, S., Hitomi, M., Jacobs , E., Kumagai, C., Liang, S., Schneiter, 
R., Singleton, D., Wisniewska, J. and Tartakoff, A. M. J. Cell Biol. lli. 649 (1994); 
(2) Singleton, D., Chen, S., Hitomi, M., Kumagai, C., and Tartakoff, A.M. J. Cell Sci. 
lll.8_, 265 (1995); (3) Liang, S., Hitomi, M., Hu, Y-H., Liu, Y. and Tartakoff, A. 
(submitted); (4) Kadowaki, T., Zhao, Y. and Tartakoff, A. PNAS, .8..2.. 2312 (1992); 
Kadowaki, T., Goldfarb, D., Spitz, L.M., Tartakoff, A.M., and Ohno, M. EMBO J. 12.. 
2929 (1993); (S) Schneiter, R. , Hitomi, M., Ivessa, A.S., Kohlwein, S.D., and 
Tartakoff, A.M. (submitted); (6) Kadowaki , T., Hitomi, M., Chen, S. and Tartakoff, 
A.M. Mol. Biol. Cell. 5, 1253 (1994); (7) Kadowaki, T., Schneiter, R., Hitomi, M. and 
Tartakoff, A.M. Mol. Biol. Cell 2.. 1103 (1995); (8) Liang, S., Hitomi, M. and 
Tartakoff, A.M. PNAS, 22.. 7372 ·(1995); (9) Liu, Y. and Tartakoff, A. (submitted). 
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3'-end cleavage and polyadenylation of eukaryotic messenger 
RNA precursors 

Silvia Barabino, Kattin Beyer, Diana Blank, Andreas Jenny, 'Georges 
Martin, Lionel Minvielle-Sebastia. Martín Ohnacker, Pascal Preker, 
Ursula Cegsegger, Yvan Strahm, Thomas Wiederkehr and Walter Keller 

Departrnent of Cell Biology, Biozenr:rum. University of Basel, CH-4056 
Basel, Switzerland. 

The fonnation of the 3'-ends of nuclear pre-mRNAs leadi.ng to 
polyadenylated mRNAs proceeds in two main steps, endonucleolytic 
cleavage followed by polyadenylation. This simple reaction requires a 
snrprisingly complex processing machinery. Purification and in vitre 
reconstitution of the cleavage and the polyadenylation reaction, as well 
as cDNA cloning and mutant analysis has allowed it to characterize many 
of the participating components and to establish their subunit 
composition. Cooperative interactions between the factors are important 
for processing complex assembly, RNA recognition, catalysis of poly(A) 
synthesis and the control of poly(A) tail length. Moreover, sequence 
comparisons of the mammalian 3'-end processíng factors and their yeasr 
homologs reveals basic símilarities and imponant dífferences between 
lower eukaryotes and metazoans. A striking example of this are the 
poly(A) polymerases. These single-polypeptide enzymes have a modular 
sequence organization with different functional domains for primer 
binding, interaction wíth specificity factors, nuclear targeting and 
catalysis. Secondary structure prediction showed that their highly 
conserved catalytic core is similar to the palm domain of DNA 
polyrnerase b, the only protein of the family where the crystal structure 
ís knov.'D.. This hornology extends as far as terminal 
deoxynucleoridyltransferase, cea: tRNA nucleotidyltransferase and 
streptomycín adenylyltransferase, an antibioric resistance factor. 

For reviews, see: 
Keller, W.: No end yet to messenger RNA 3'processing! Cell 81, 822-832 
(1995). 
Wahle, E. 3'-end cleavage and polyadenylation of m.RNA precursors. 
Bíochim. Biophys. Acta 1261, 183-194 (1995). 
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mRNA TURNOVER IN YEAST 

Roy Parker*, Lianna Hatfield, Audrey Stevenst, Clare Beelmar, 
David Fortner*, Giordi Caponigro. 
*Howard Hughes Medical Institute & Dept. of Molecular and 
Cellular Biology, Univ. of Arizona. Tucson, AZ. 85721; 
tBio1ogy Division, Oak Ridge National Laboratory, Oak Ridge, TN. 
37831 

To understand how mRNA decay ratea are controlled, the 
mechanisms of mRNAs turnover and the gene products required for 
degradation need to be elucidated. Past experimenta have 
identified three pathways of mRNA turnover in yeast. One pathway 
of mRNA degradation is initiated by shortening of the poly(A) 
tail, which triggers a decapping reaction, exposing the mRNA to 
5->3' degradation. Both atable and unstable transcripts degrade 
through this deadenylation-decapping pathway suggesting that it 
is common to many yeast mRNAs. There are also mechanisms of mRNA 
turnover that are related to, but distinct from, the 
deadenylation-decapping pathway. For example, the presence of an 
early nonsense codon in the PGK1 mRNA resulta in deadenylation­
independent decapping. Similarly, blocking 5' to 3' degradation 
reveals a 3'->5' pathway of degradation. 

In order to understand how these pathways of mRNA 
degradation are controlled we have utilized several different 
genetic screens to identify gene products required for mRNA 
degradation. We have identified mutations in four genes, termed 
MRT1, MRT2, MRT3, and DCP1, that block or significantly slow the 
rate of mRNA decapping. By several different criteria the DCP1 
gen encodes the decapping enzyme. Cells deleted for the DCP1 gene 
are viable, but grow slowly and show a block to mRNA decapping. 
In contrast, mrt1 and mrt2 mutations exhibit a temperature­
sensitive 1etha1 phenotype, suggesting these gene products may 
be essential. Interestingly the mrt1 and mrt3 mutations do not 
appear to affect deadenylation independent decapping. This 
observation suggests that these gene products may be primarily 
involved in modulating the rate of decapping on normal 
transcripts, perhaps by influencing mRNP structure. Current work 
is directed at understanding how these gene products interact to 
modulate the ratea of mRNA degradation. 

Muhlrad, D., Decker, C., and R. Parker. 1994. Deadenylation of 
the unstable mRNA encoded by the yeast MFA2 gene leads to 
decapping followed by 5' to 3' degradation of the transcript. 
Genes and Development 8: pp855-866. 

Muhlrad, D. and R. Parker. 1994. Premature translational 
termination triggers mRNA decapping. Nature 340:578-581. 

Beelman, e .A. and R. Parker. 1995. Degradation of mRNA in 
Eukaryotes. Cell 81:179-183. 
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"GENETIC ANALYSIS OF RNA-BINDJNG PROTEINS 
Joel G. Belasco*, Chaitanya Ja.in. Ite A Laird-Offringa. and Martina Rimmele 
Department of Microbíology and Molecular Genetics, Harvard Medica! School 
Boston. Massachusetts 02115, USA 

RNA-binding proteins (RNA-BPs) play a crucial role in a variety of cellular 
regulatory processes. Despite the biological importance ofRNA-BPs and their key 
role in human health disorders, very little is yet understood about the structural 
features of these proteins that enable them to recognize their RNA targets wíth a 
high degree of discrimination. We have developed two genetic selection!screening 
procedures for rapidly identifying amino acid residues that are important for the 
binding affinity and specificity ofRNA-BPs. One of these technologies is based on 
phage display and in vítro genetic selection; the otb.er exploíts E. coli genetics. 

We have begun to use tilese methods to analyze RNA-BPs irri:portant for 
post-transcriptional regulatory processes in mammalian cells. Our initial smdies 
have focused on !he HIV-1 protein Rev and the mammalían spliceosomaJ protein 
Ul ~ each of which is a paradigm for a distinct family of structurally rela!ed RNA­
BPs. These experiments have identi:fied key roles for specific amino acid residues 
in target recognition_ Our genetic da.ta identifying li.kely con~ts of specific Rev 
resídues with particular RRE RNA nucleotides provide valuable clues as to how 
Rev docks in a sequence-specific manner with its RNA target. In the case ofUlA, 
we have identified several amino acid residues important for RNA-binding 
specificity, one of which appears to play a novel structural role in locking the 
prote~n onto Ul snRNA. The genetic selection methods that we have developed 
prorru.se to be useful both for structure-function studies of RNA-BPs and for the 
directed evoluti.on of proteins specific for new RNA rargets. 

Laírd-Offringa, LA., and Belasco, J. G. (1995). Proc. Natl. Acati Sci USA 92: 
11859-11863. 
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A nuclear .. cap-binding complex in 
pre-IIIRNA splicing and RHA nuclear export 

E. Izaurralde, Joe D. Lewis, Chiara Gamberi and Iain w. 
Mattaj 

· We ha ve . char~c:terl.zed a: conserved micleár·eaP::oúW~ · PIVtein c~glex-(cB:C);:C:sc ts. a 
· ne~od~~ : o · f twci. pict:clris, CBP80 imd CBP20: :Neither_j,rotcio alone·Ji.as:affihlcy tfu. ~&.p 
swc~ liii ~ - hetciodim~ ~ - ~y tócappoc;t RNAs.' we)lave p1'9du~ e~den~ 

~ ~~ - ~e is · m~ol~ . ~ ·t:.ro ~ cl'~cle3i~ · metibolism; p~mRNA ~plichlg . and : R.~A . 
'c.xpon frcini the nucleus·. · 

.. 1n tiie caseof spl.iciÍlg; in'vitro data'W?-S obtained uiliig extiacts fro~ · wbiéh - ~ChaCtl:icen . 
iritmunoaeple~d: iembv~ ofcik frÓril exu-~ severely t:e¿uceci th~ effi~ucy oáplicing or 
cap~ p~mal üitrons.' :. Ca¡nll~~ai ·~tro~ · ~re much less affected;. due ·. W ' : lh~ pr6~~Ce ó't thc: 
polypyriillldine rra.ct of the. uP~ ~ti-ori., whiclÍ apparently subS _ otuté~ 'for the functio~ ot . 
CBG. 

The _ ~tep ofspiictng !hat is. ilffedted byCBC depletion has tieen characterized u$mg substfutes 
with a single inl:ron;L11 the absence ofCBC, E (o;- co!!U!l.itment) co:nplex fo1mitid'¡¡ is much 

··.· reduced. A similár reductimin .uitersction b~tween Ul suRKA :od the .5' 5plice Siie cil.Il ~ . . se~u in cross~l.i.nking. Thus, CBC C.p¡Jears to function (O allo"'· efficieñt recogi4~on of the cap-
proxiro:al5' splice site . 

. "fne secon:d function of CBCis in R.~A export from th>! r.ücleus. Óf cappéd trariscppts, rhos ~ . encoding L'1e Ü ~~~ shó\~ · a Strong depeiidence Oil the cap srrucrimd~r . e.xport. . _Tli.at Úli;; . 
dependence refleCts a reqili~ement for CBé - ~as shovm directly by l}ili:rob,j~ction ~rimc~LS ~ 

. Andbodies. t.,~¡¡¡¡ preve~t CB.<:: bmáing to eap¡¡::c! &"<A.sr wtea oii~ro~j~teci .lnto 'the ~úch:us, 
' preseilt u snlÜ~ A. ewort. A.J.ili.ough ó¡lly ·iJi~ evÍdeuc; s · ~poícS úiei~a tliai CBC~áy ruso 
· have a role in r.iR.~A export,. electrón microséopic srud..ies of Bhlbiani Ring RI'\"P ~ ·m 
é~ironomus tenians (ui c~nabora'tiori ~th N. Visa and B. D"-!leholr, Ka!olmska _ lnsü~té) ~~,ow 
that CBC ass()ciates viith these pre~mRNAS eárlyin their sy;,thesis, consistent V:~th - ~ ' rok · or 
CBC in splicing, 2nd at~o durlng)Jas~age cif.the RNPs t!"cough nudear p~iecn:~pfexes w úie 

· cytoplasril, ccnsistent with é__role in Rl'(Á,. export. CBC stiinlng is ~en clase to tl{e nucie::.r - . . . . . - . - . . . . . . . . . . 
pares, butordy ~ery wciik stainjng isobserved elsewhe-re in the cy¡opla$Jil, indicaring .tlünCBC 
iS.rápidly .recycled to the nÚcl':Us a.c"1er its ex.por;.. Ttt: mechanism ofre;:ycllng is u c d ~ ! · 
im•eStigar:lon: aná ,~'i~ ?o diséu$sed. 
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Translational Control by Cytoplasmic Poly(A) Bongation 

. Joel D. Ridlter 
Worcester Foundation for Bíomedical Research 
Shrewsbury, MA 01545 USA 

Early development in probably all metazoans is programmed by matemany­

inherited mRNA. Generally, this material ís translationally donnant In oocytes, but is 

activated in a sequence-specific manner during meiotic maturation, at fertif!Zation, or 

during ear1y embryogenesis_ The translational recruitment of many of these mRNAs is 

regulated by cytoplasmíc poly(A) elongation. In Xenopus and mouse oocyte 

maturation, two cis-acfing sequenees in the 3' UTRs of responding mRNAs are 
necessary for polyadenylation, the near-ubiqult.ous hexanucleotide AAUAAA, and the 

consensus octanudeotide UUUUUAAU. This second element is desígnated the 

cytoplasmic ~yadenylatic;m element, or CPE. 

In Xenopus, the CPEs of all mRNAs tested that are polyadenylated during 

oocyte maturation are bound by a 62 kDa protein termed CPEB. These mRNAs 
indude 84, G10, cdkZ, e-mas, and cyclins A1, 81 , and 82... The immunodepletion of 

CPEB from polyadenylation-profic:ient egg extracts renders all of these mRNAs 

incapable of being polyadenylated. Because c-mos RNA translation is known to be 

necessary for oocyte maturation, the importance of CPEB in this process was tested. 

Affinity-purified CPEB antibody injected into Xenopus oocytes not only abrogates 

polyadenylation of e-mas (and otherj mRNA, but also prevents lt.s translation. lt is 

therefore not surpñsing that CPEB antibody also inhiblt.s oocyte maturation. Neither 

control antibody nor lgG ha ve any effect on these processes_ One majar conclusion 

from fuese studies is that CPEB is an essential component for development because it 
regulates the expression of c-mos mRNA 

Of the severa! mRNAs that undergo cytoplasmíc polyadenylation during mouse 

oocyte maturation, again a particulariy interesting one is that which encodes c-mos. In 

this case, hawever, e-mas mRNA polyadenylation and translatian are necessary for 

progression from meiosis 1 to meiosis 11. To explore the regulation of e-mas mRNA 

translation, a mouse CPEB cONA has been cloned and sequenced. At the amino acid 

leve!, it is 80% identical to the Xenopus protein. Northem blotting and in sítu 
hybridization show that m o use CPEB is_ prese.!!!_ o ni~ in oo_91_~ ªn_d.1_estis_tissue 
Experiments·areúnae!Waj"táassess-Whether this CPEB binds to the mouse c-rnos 

CPE. 

One extant question is how 3' poly(A) elongation prometes 5' translational 

initiation_ In maturing Xenopus oocytes, an injected model RNA that ís palyadenylated 

commensurately undergoes cap ribose methylation. This is a specffic cap 11 

methylation. When polyadenylation is prevented by mutating the important cis 

elements mentioned above, ar by bloc:king chain elongation with cordycepin, cap ñbose 

methylation does not occur. In addition, an in vitro 'preadenylated' RNA that cannot 

undergo further tail elongation because of a mutated cis element also is not cap ñbose 

methylated_ Therefore, the process of poly(A) elongatian, and not a poly(A) tail per se, 

may be necessary for cap ribose methylation.. 
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During Xenopus oocyte maturation and embryogenesis, soma mRNAs are 
translated only when fhey are actively undergoing poly(A) elongation. This correlates 
with-Ule data mentioned above (that cap nbose methylation occurs only when active 
polyadenylation 1akes place). When oocytes are incubated in the presence of SIBA, an 
analog. of fhe methyl donor SAM that is a feedback lnhlbitor of methyttranstferase 
reaclions, poly(A) elongation is unaffected but cap nbose methylation is destroyed.. 
Most lmportantly, there is no translational activation. 

One model to explain the above results is that poly(A) polymerase, which 
interads with the 3' end of a CPE-oontainíng RNA duñng maturation, is complexed to a 
ribose methyltransferase, which in tum binds the 5' cap and catalyzes methylation. 
Because the oocyte cytoplasm contains mRNA that far exceeds its translational 
capacity, it is those mRNAs that offer a competitive advantage that are recruited onto 
polysomes. lt may be that nbose methylated caps offer thls advantage 

relevant references 

Gebauer, F., Xu, W., Cooper, G.M., and Richter, J.D. (1994). EMBO J . 
13:5712-5720 

Hake, L, and Rlchter, J.D. (1994). Cell79:617-627 
Kuge, H., and Ridtter, J.D. (1995). EMBO J . 14:6301-6310 
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Translatl.onal regulation by mRNA binding proteins 

Matthias W. Hentze, Gene Expression Programm.e, European Molecular 

Biology Laboratozy, Meyerhofstrasse 1, D-69117 Heidelberg, Germany 

The binding of cytoplasmic proteins to specific sites in mRNAs media tes 

positive or negative translational control. During early animal development, 

particular! y around fertilisation, the binding of regulatozy proteins to the 3' 

UIR of severa! mRNAs induces lengthening of their poly-{A) tai1s and 

translational activation (1). Other RNA-binding proteins that respond prima rily 

to metabolic or differentiation signals repress the translation of the specific 

:mR..NA(s) that they bind to. Examples of the latter group will be discussed. 

Iron regulatozy protein 1 (IRP-1) and IRP-2 bind to moderately stable 

hairpin structures ("rron-responsive elements=IREs) in the 5' UTRs of ferritin, 

erythroid 5-aminolevulinate synthase, aconitase and succinate dehydrogenase 

mRNAs and repress their translation in iron-deficient cells {2). Repression 

appears to result from the steric inhíbition of the association of the 435 

translation preinitiation complex with the mRNA, and is negatively a.ffected by 

increasing the distance between the IRE and the cap structure beyond -60 

nucleotídes (3,4,5). Translational repression by this mechanism does not require 

a polyadenylated mRNA template in cell-free translation systems. However, 

m.RNAs subjected to translational repression by this mechanism have il 

shortened poly-(A) tail in cultured cells. Poly-(A) tail shortening is not caused 

by the protein binding per se, but appears to reflect a consequence of the 

translational repression induced by the protein. While in the cases of positive 

translational control information flows from the 3' to the 5' end, these find.ings 

appear to reveal anexample of information flow in the opposite direction (6). 

The 15-lipoxygenase binding protein (LOX-BP) represents an example of a 

translati.onal repressor protein that is regulated during erythroid cell 

differentiation and exerts its effect through a 3' UTR binding site. In cell-free 

translation extracts from rabbit reticulocytes, purified LOX-BP represses the 

translation of a non-polyadenylated 15-LOX mRNA (7), but little is know about 

the actual mechanism of translational repression. LOX-BP, purified by affinity 

chromatography, was microsequenced and cDNAs cloned. Recombinant 

proteins are currently being expressed in E. coli and functionally tested. 

References 

l) Hentze, M-W. Translational Regulation: Versatile mechanisms for metabolic 

and developmental controL Curr. Opin. Cell BioL 7, 393-398, 1995 
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2) Gray, N .K., K. Pantopoulos, T. Dandekar, B.AC. Ackrell and M.W. Hentze. 

Translational regulati.on of m~alian and drosophila citric acid cycle enzymes 

via iron-responsive elements. Proc. Natl. Acad. Sci. USA 93, in press, 1996 

3) Goossen, B. and M.W. Hentze. Position is the critical determinant for function 

of iron-responsive elements as translati.onal regulators. Mol. Cell. Bio112, 1959-

1966,1992 

4) Slripecke, R., C.C. Oliveira, J.E..G. McCarthy and M. W. Hentze. Proteins 

binding toS' untranslated region sites: A general mechanism for translational 

regulation of mR.NAs inhuman and yeast cells. Mol. Cell. BioL 14,5898-5909, 

1994. 

5) Gray, N .K and M W. Hen.tze. Iron regulatory protein prevents binding of the 

435 translation pre-initiation complex to ferritin and eALAS mRNAs. EMBO J. 13, 

3882-3891, 1994. 

6) Muckenthaler, M., N. Gunkel, R Stripecke and M. W. Hentze. Head to tail 

communication in .mRNAs: regulated poi y( A) tail shortening mediated by cap­

proximal translational repressors. 1996. In preparation. 

7) Ostareck-Lederer, A., D.H. Ostareck, N. Standart and B.J. Thi.ele. Translation of 

15-lipoxygen.ase mRNA is inhibited by a protein that binds to a repeated 

sequence in the 3' untranslated region. R1BO J. 13, 1476-1481, 1994. 
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mANA 5' CAP FUNcriON ANO AEGULATION OF TAANSLATION. 
N. Sonenberg. Department of Biochemistry, McGill University, 
Montreal, Quebec, CANADA, H3G 1 Y6. 

An lmportant aspect of gene expression is the modulation of 
translation rates in response to growth factors. hormones and 
mltogens. Most of this control is at the level of translation initiation. 
All eukaryotic cellular mANAs contain a cap structure (m7GpppN) 
at their 5' terminus, which facilitates 40S ribosome binding to the 
mANA. cap function is mediated by the initiation factor ei4F, which 
consists of three subunits: a. eiF4E, the cap-binding polypeptide. b. 
eiF4A, an RNA helicase. c. eiF4G, formerly called p220, whose 
integrity ls required for cap-dependent translation. 

eiF4E plays a key role in regulating translation and in control 
of cell growth, and development. We have cloned cDNAs 
encoding two proteins, 4E-BP1 (el F4E binding protein 1) and 4E­
BP2, that bind specifically to eiF4E, and inhibit specifically cap­
dependent translation initiation. Aecently, we characterized two 
novel cDNAs that share homology with 4E-BPs. The interaction 
between 4E-BPs and e1F4E is dramatically diminished upon thei r 
phosphorylation in response to insulin and growth factors. 
concomitant with the relief of translational repression of capped 
mANAs. Phosphorylation of 4E-BPs is effected by a rapamycin ­
sensitive signa! transduction pathway, that is distinct from the MAP 
kinase pathway earlier implicated in the phosphorylation of 4E­
BPs. Pl3-kinase is an upstream component in this signa! 
transduction pathway. lnhibitors of Pl3-kinase. such as wortmannin . 
diminish the phosphorylation of 4E-BPs. 

4E-BP1 competes with e1F4G for binding to eiF4E, through a 
binding motif that shares a common sequence among 4E-BPs and 
eiF4G. Thus, 4E-BPs prevent the formation of a functional eiF4F 
complex. We also demonstrated that phosphorylation of eiF4E by 
PKC in vitro occurs only after its dissociation from 4E-BP1. lt is thus 
possible that phosphorylation of eiF4E in vivo is also dependent 
on its prior dissociation from 4E-BPs. 

Pause, A., Belsham, G. J., Gingras. A. C .. Donze, 0 ., Lin. T . A .. Lawrence. 
J .. Jr.. & Sonenberg , N. (1994a) lnsul in-dependent stimulation of protein 
synthesis by phosphorylation of a regulator of 5'-cap tunction. Nature. 

371 , 762-767. 

Mader, S .. Lee. H., Pause. A .. & Sonenberg, N. {1995) The 
translation initiation factor eiF-4E binds toa common motif shared 

by the translation factor eiF-4y and the translational repressors 4E­
binding proteins. Mol. Gel/. Biol .. 1 5, 4990-4997. 
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Haghighat, A., Mader, S., Pause, A., & Sonenberg, N. (1995) 
Represslon of cap dependent translation by 4E-BP1 : competition 
with p220 for blndlng to eiF-4E. EMBO J. 1 4, 5701-5709. 

Beretta, L, Gingras, A-G., Svitkin Y, V., Hall, M.N., and Sonenberg, 
N. (1996). Rapamycin blocks the phosphorylation of 4E-BP1 and 
lnhlbits cap-dependent initiation of translation. EMBO J. (in press). 
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IDENTIFICATION OF A REGION IN THE DOMAIN 3 OF THE 

APHTHOVIRUS IRES ESSENTIAL FOR INTERNAL INITIATION OF 

TRANSLATION. 

E. MARllNEZ-SALAS and S. LOPEZ DE QUINTO. Centro de Biología Molecular 

"Severo Ochoa•. CSIC. Universidad Autónoma de Madrid. Cantoblanco. 28049 

Madrid. Spain. 

Translation of aphthovirus ANA ls lnitiated at an interna! ribosome entry site 

(1 RES) element, preceding the first functional AUG initiation codon. A 

hypervirulent phenotype observad In a virus rescuad after one hundrad 

passages of persistant infection was associated to a 1.5 to 5-fold enhancement 

of the !RES activity relativa to the parental virus IRES (1). The effect of mutations 

at the base of domain 3 of tha aphthovirus IR ES on translatlon activity has been 

analyzed by sita directed mutagenesis, and expression of bicistronic RNAs in 

transfected calls. Tha results hava shown that the enhancad !RES activity 

associatad to a single pyrimidine transition fixed in tha persistent aphthovirus 

variant is base-speclñc. Single or multiple mutations thai did not affect predicted 

helical structures modified the relativa efficiency of translation by at most 1 D-fold 

suggesting that primary sequenca plays a role in !RES activity. However, 

mutations predicted to destabllize tha base of domaln 3 wara detrimental to 

lRES function, showing up to 1000-fold reduction in the relativa afficiency of 

interna! initiation of translaiion. Subsequant restoration of the RNA structura in 

the detective !RES mutants gave rise to fully competent IRES, in sorne cases 

representing 7 nucleotida substitutions relativa to the initial IRES element (2). A 

correlation batwaen tha energy of stabilization of the IRES structure and tha 

efficiency of translation has baan noted. None of the 15 mutations studied 

reached a leve! of initiation of translation comparable to that of the IR ES from the 

persistent variant Furthermore, mutations present in the perslstent variant in the 

region around the first functional AUG initiation codon did not have a significan! 

effect on the relativa efficiency of interna! initiation of translation. The results 

indicate a critica! participation of the base of domain 3 in the activity of the 

aphthovirus IRES with a strong effect of secondary or higher order structures, 

and minor effects of primary structure. 

(1) Martínez-Salas, E., Sáiz, J.C., Dávila, M., Belsham, G., and Domingo, E. (1993) 

J. Viro!. 67, 3748-3755. 

(2) Martínez-Salas, E., Regalado, M.P., and Domingo, E. (1996) . J. Viro!. vol. 70, 

n. 2, in press. 
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Picomavirus RNA translatioo: further eVideoce for trans- complemeotatioo of defectlve 
IRES elemeots. 
Graham J Belsham and Lisa Roberts, lostitute for Aoimal Health, Pirbright, Wokiog, 
Surrey. U.K .• 
Picornavirus RNA is translated by a cap-independent mecbaoism. Tbis process requires a 
region of about 450 nt from the 5' non-coding region which is predictcd to fold in1o complex 
secondary sttucture. This element directs internal initiation of protein synthesis and is termed 
the Internal Ribosome Entty Site (IRES). The !RES activity is readily demonstrated by 
monitoring the translation of the second open reading frame within a bicistronic mRNA in 
which the IRES is the spacer between the two coding sequences. The IRES is normally 
considered a cis-acting element. However we have shown previously that mutant (and 
detective) IRES elements, within a bicistronic mRNA, can be complemented in vivo by the 
co-expression of an intact IRES element as a separate molecule. This process is efficient and 
requires a high degree of sequence identity between the two IRES elements, and hence 
presumably requires RNA-RNA interactions. The complementation process can be achieved 
by an !RES unlinlced to any open reading frame but also when linked to a third reporter 
gene. Complementation has been demonstrated using IRES elements from three different 
genera of picornaviruses including the two majar types of picomavirus IRES element. We 
have now shown that defective encephalomyocarditis virus (EMCV) IRES elements, with 
either deletions or point mutations within the three principal domains of this element, can be 
complemented by co-expression of just parts of the EMCV !RES. Tb.us defective IRES 
elements can be complemented by another defective IRES element. The 'helper' molecule 
must include at least tbe domain in which the defect occurs . 
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Identification, purification and cloning of the 

Tat coactivator, TA150. 

_Mariano A. Garcia-Blancol, Caries Suñel, Yi Liul, and William Lane2 

Department of Molecular Cancer Biology 1 • Duke University Medica! 
Center 

Durham, NC , USA 
Harvard Microchemistry Facility2 

Divinity Avenue. Cambridge. MA, USA 

Expression of human immunodeficiency virus type 1 (HIV-1) genes 
is regulated by the trans activator Tat. Tat exerts its effects by increasing 
the rate of transcription, but the mechanism by which it does so is still 
unknown. To study the cellular factors required for Tat trans activation 
we have expressed functional Gst-Tat fusion protein and used it to 
construct affinity columns. Our findings a re: i) a Gst-Tat affinity m atrix 
depleted HeLa nuclear extracts of fac tor(s) required for Tat fu nction . A 
Tat mutant bearing missense muta tion (K41A) was incapab1e of lhis 
depletion; ii) Tat trans activation was recovered by a dding unfractionated 
nuclear extract. the 0.5 M KCl elution fraction from the Tal affinity 
column, or sedimentation gradient fractions of HeLa extract.s. The activity 
from the gradients sedimented with an apparent molecular m ass of 140 
to 200 kDa; iii) Tat trans activation could not b e r ecovered us ing 
recombinant human TBP or partia lly purified TFIID, and iv) tran s 
activation by Tat was blocked by heating the nuclear extract under 
conditions where basal transcription was not decreased . Our data 
demonstrate for the first time the existence of unique Tat co-activators 
distinct from factors required for general basal transcription. 

The Tat co-activator was purified to near homogeneity using 
sequential K41ATat and Tat affinity columns. The co-activator migrated 
in SDS-PAGE gels with apparent molecula r mass of 150 kDa and was 
s hown to be a phosphoprotein. The 150 kDa Tat co-activator (TA150) 
was digested and severa! interna! peptides sequenced. Using the peptide 
sequence information we have obtained cONA clones that encode TA150 . 
We have also obtained an anti-TA150 antiserum that detects the protein 
in Western assays and localizes the protein to the nucleoplasm of HeLa 
cells. We are using the cDNAs and the antiserum to confirm the role of 
TA150 as an essential Tat co-activator. 
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STUDIES ON THE POSTTRANSCRIPTIONAL REGULATION OF THE EXPRESSION OF 
THE MA 16 PRO TE IN FROM MAIZE 
Albli-MM, Vinti-G, Culiáñez-Macili-FA, Goday-A, Pagils-M 
Departament de Genética Mol.lecula'r. CID/CSIC. Barcelona 

The MA 16 protein from maize is an abundant 16 KD RNA-binding protein that contains an 
RNA-binding domain (RBD or RMMI and a Gly-Arg-rich domain1

• lts main localization is the 
nucleolus, with a predominance in the dense fibrillar component (DFC), as observed by 
immunoelectron microscopj. We have al so shown,by cell fractionation studies, that it is a non­
ribosomal protein2

• Potential candidatas to interact with this protein are the rRNA and snoRNAs. 
lmmunoprecipitation studies have revealed a riumber of small RNAs that are coprecipitated with an 
anti-MA 16 polyclonal serum. 

The expression of MA 16 in different maize tissues has been analyzed by in situ 
hybridization. These studies have shown that it is specially abundant in elongating and expanding 
structures, such as the root elongation zone and young leaves. These data, together with its 
nucleolar localization, seem to indicate that this protein is involved in general growth phenomena 
in the plant. 

We have also studied the expression of MA 16 under a number of environmental stresses, 
such as hydric stress or the adhition of exogenous abscisic acid (ABA). The increase of the mRNA 
observed under such conditions does not seem to be followed by an increase in the protein 
abundance. ABA is a growth inhibitory vegetal hormone, and it has been reported that its 
exogenous addition causes a general repression of protein synthesis. These observations have raised 
the possibility of a post-transcriptional repression of the expression of MA 16 in growth-arrested 
conditions. The analysis of the MA 16 mRNA leader has revealed a strong secondary structure, 
acording to primer extension data and computer prediction. By in vitre studies we have observed 
that the presence of the whole leader sequence causes an inhibition of the translation of the 
adjacent open reading trame, when compared with transcripts bearing only a small fragment of this 
leader together with polylinker sequences. Moreover, a stretch of pyrimidines (12-17 nucleotides 
long). that has been found in this leader, has also been observed in all the leader sequences of the 
mRNAs of the 1 O plant MA 16-homologue proteins cloned up to date. The conservation of this 
pyrimidine-stretch seems to indicate that it has a role in the regulation of the expression of these 
proteins. lnterestingly, a stretch of pyrimidines present in the 5'end of a number of mammalian 
ribosomal protein mRNAs has been involved in the repression of their translation under growth­

arrested conditions . 
To study whether the leader sequence of the MA 16 mRNA is responsible for a translational 

repression of this protein in growth-arrested conditions, we are going to fuse different fragments 
of the leader with a reporter gene (GUS proteinl. and transiently transform different ABA-treated 
and non-treated maize tissues. We would also like to compare the results we get with constructs 
made using the leader sequence of the rab28 protein from maize (selectively expressed with ABA). 
in an anempt to find out the reasons for their different translability in various growth states. 

l. A gene induced by the plant hor1one ahscisic acid in response to water stress encodes a glycine-rich protein. 1988. Gólez,J. 
et al. Rature 334: 262-264. 
2. 1be aaize RMA-bindínq protein, I!Al6, is a nucleolar protein located in the dense fibrillar COJpODent. 1994. Alba,KK. et al. 
Tbe Plant Journal 6: 825-834. 
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Nonsense mutations inhibit splicing of immunoglobulin k-light chain mRNAin a cell 
free system: Recognition of mutant codon is independent of protein synthesis and is 
tissue specific. 

Said Aoufouchi, José Yélamos and César Milstein. 

MRC Laboratory of Molecular Biology, Hills Road, Cambridge CB2 2QH England 

The expression of antibody genes involves DNA rearrangements often leading to 
frame shifts, the affinity maturation of the immune response depends on a processes of hyper 
mutation which can generate premature stop codons. Premature termination of protein 
synthesis leads to defective protein products whi.ch can cause disorders due to the loss of 
function or by a dominant negative mechanism. To overcome such possibility nonsense 
mutations in this and in other systems also result in the down regulation of the mRNA leve! 
(Maquat, 1995; Lozano et al. 1993). Lozano et al. (1994), using an in vivo approach have 
shown that the pool of mRNA is not depleted by an increase in cytoplasmic or nuclear 
mRNA decay. On the contrary, an apparent increase in unspliced forro suggests that an 
alteration of splicing is involved in the mRNA down regulation. 

We have now developed a cell free assay, using nuclear extracts, which shows that 
nonsense mutations in antibody light chains result in defective splicing and not RNA decay . 
This cell free system correlates with the in vivo down regulation of k-light chain mRNA 
harbouring nonsense mutations (Aoufouchi et al, 1996) and therefore appears to be a 
powerfu1 too! to analyse the molecular basis of such mechanism overcoming the limitation 
and comp1ications of in vivo experimental systems used so far. We have shown a1so that 
sp1icing deficiency does not depend on the sequence environment of the nonsense codon or 
with the codon itself, but can be partially corrected by mutating the methionine initiation 
codon. Despite the apparent link between translation and low mutant mRNA levels , 
inefficient splicing is not dependent on protein synthesis. The splicing deficiency is B-cell 
specific, since it is observed with both human and mouse B-cell extracts but not with HeLa or 
T-cell extract. 

REFERENCES: 

Lozano, F., Maertzdorf, B., Pannell, R., and Milstein, C. (1994). EMBO J., 13,4617-4622. 
S. Aoufouchi, J. Yélamos, and C. Milstein. (submitted). 
Lozano, F., Rada, C., Jarvis, J.M., and Milstein, C. (1993) . Nature, 363, 271- 273. 
Maquat, L. E. (1995). RNA, 1, 453-465. 
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Expression of the protein . kinase PKR is modulated by IRF-1 and 
ls reduced in 5q-associa~ed leukemias. 
Beretta L., Gabbay M., Berger R.\ Hanash SM.#, Sonenberg N. 
Department of Biochemistry and McGill Cancer Center, McGill University, 
Montréal, Canada, *Hopital Saínt-Louís, París, Franca and #University of 
Míchígan, Ann Arbor. 

The transcription factor 1 RF-1 whích has been shown to be deleted in a 
number of human leukemias exhibits tumor suppressor activity. lts 
overexpression results in inhibition of cell growth. The double-stranded 
RNA-dependent proteín kinase (PKR), contains a prometer element for the 
binding of IRF-1 and exhibits antiproliferative properties. We investigated 
the role of IRF-1 in PKR expression . In IRF-1-deficient embryonic 
fibroblasts, PKR expression was found to be reduced 4 fold relativa to 
wild-type cells. This finding suggested that diminished expression of PKR 
could result from deletion of ~he IRF-1 gene in human leukemias. We 
analysed the human leukemic U937 cell line which we demonstrated to 
contain a deletion of one IRF·1 gene . U937 cells were found to contain 
reduced levels of PKR relative to other leukemic cell lines with two 
copies of IRF-1 gene. Transfection of IRF-1 into U937 cells, strongly 
induced PKR expression. PKR levels were determinad in leukemic cells 
from patients with transformad myelodysplasias. PKR was markedly 
reduced in cells carrying a deletion of chromosome Sq, a locus to which 
IRF-1 was mapped. Therefore, PKR is a strong candidate for a mediator of 
the tumor suppressor activity of IRF-1 . 
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Rapamycin blocks the píhosphorylation of 4E-BP1 and inhibit 

cap-dependent initiation of translaticm. 

Beretta L., Gingras AC., Svitkin YV., Hall MN: and Sonenberg N. 
Department ot Biochemistry and McGill Cancer Center, McGill University , 

Montréal, Ganada, • Department of Biochemistry, U niversity of Base!, 
Base!, Switzerland. 

The immunosuppressant drug rapamycin blocks progression of the cell 
cycle at the G1 phase in maimmalian cells and yeast. We showed that 
rapamycin inhibits cap-dependent, but not cap-independent translation, in 
NIH 3T3 cells. Cap-dependen t translation is also specifically reduced in 
extracts from rapamycin -treated cells as determinad by in vitro 

translation experiments . This in hibi t ion is causally relatad to the 
dephosphorylation and consequ:ent activation of 4E-BP1 , a protein recently 
identified as a repressor of the cap-binding protein, eiF-4E, function . 
These effects of rapamyc in are specific, as FK506, a structural analogue 
of rapamycin, had no effect on either cap-dependen! translation or 4E-BP1 
phosphorylation . The rapamycin -FK506-binding protein complex is the 
effector of the inhibition of 4E-BP1 phosphorylation as excess of FK506 
over rapamycin reversed the rapamycin-mediated inhibition of 4E-BP1 
phosphorylation . Thus, inactivation of el F-4E is, at least partly , 
responsible for inhibition of cap-dependent translation in rapamycin­
treated cells. Furthermore , these results suggest that 4E-BP1 
phosphorylation is mediated by the FRAPITOR signalling pathway. 
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NUCLEOLIN IS A SEQUENCE-SPECIFIC RNA BINDING PROTEIN: 

CHARACTERIZATION OF TARGETS ON PRE-RIBOSOMAL RNA 

Philippe Bouvet, Laurence Ghisolfi-Nieto, Gérard Joseph, Francine Puvion-Dutilleul§, 
and Fran9ois Amalric. 

Laboratoire de Biologie Moléculaire Eucaryote, lB CG du CNRS, 118 route de Narbonne, 31062 Toulouse Cedex, 

FRANCE.§Génétique Moléculaire et Intégration des Fonctions Cellulaires,7 rue Guy Mocquet, B.P.8, 94801 

Villejuif Cedex, FRANCE. 

Nucleolin is an abundant nucleolar protein which plays an essential, but largely unknown role in 

ribosome biogenesis. Nucleolin contains four consensus RNA binding domains (CS-RBD), 

presence of which suggests that the molecular function of this protein is lilcely reflected by its 

RNA binding properties. Indeed, by immunocytological analysis performed on ribosomal 

transcription units and RNA-protein cross-linking assays, we have found several nucleolin 

molecules being associated with nascent pre-rRNA. The binding sites on the pre-rRNA have been 

predominantly localized to the 5' end of the 5' externa! transcribed spacer (5'ETS), to the coding 

regions of 18S and 28S rRNAs and to the 3' externa! transcribed spacer (3'ETS). In mouse, two 

high affinity binding sites with an apparent dissociation constant (Kd) of 50-100 nM have been 

mapped in the 5'ETS upstream to the early pre-rRNA processing site. Interestingly, nucleolin of 

mouse origin has recognized analogous sequences in the 5'ETS of rat and human pre-rRNA. In 

parallel , in vitro selection-amplification (SELEX) experiments have identified an 18 nucleotides­

long RNA sequence that binds nucleolin with high affinity (Kd 5-20 nM) and shares a common 

UCCCGA motif with the characterized pre-rRNA binding si tes. 

However not all U/GCCCGA-containing RNAs were recognized by nucleolin. By mutagenesis 

and a structural analysis, we have characterized the nucleolin cognate RNA binding site and 

found that it is constituted of a minimal 18-nucleotides long RNA hairpin structure. The sequence 

U/GCCCGA found within the hairpin loop is necessary for the specific interaction. Mutation of 

any of the C or G residues within this motif abolish nucleolin interaction. Furthermore, point 

mutation in the stem that disrupt complete! y the hairpin structure also prevent nucleolin binding. 

By determining the minimal5' and 3' end of the RNA that is bound to the protein we concluded 

that nucleolin binding site is constituted by a 18-nucleotide long RNA composed of a short 4-5 

base paired stem andan 8 nucleotides loop. To conclusively demonstrate that this small RNA was 

sufficient for nucleolin interaction, we used a chemically synthetized RNA corresponding to a 

stem-loop structure of a natural binding si te. Indeed, this small RNA interacted specifically with 

nucleolin . This structural motif is very sil"flllar lo hairpins recognized by two other CS-RBD 

containing proteins (U 1-snRNP A and U2-snRNP B ") and is likely to be shared by other CS­

RBD cognate RNA. 
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CHARACTERIZATION OF POLYADENYLATION­
CO:MPETENT NUCLEAR EXTRACTS FROM MOUSE B­
CELL LINES, G. Ed.walds-Gilbert and C. Milcarek, . 
Department of MoJecular Genetics and Biochemistry, 
University of Pittsburgh School of Medicine, Pittsburgh, PA 
15261 

During the development of mouse B cells there is a 
regulated shift from the production of membrane to secretory­
specific forms of immunoglobulin mRNA, which predominate in 
the late stage/plasma B cells. By DNA transfection experiments 
we have shown that in vivo there is an increase in the efficiency of 
the cleavage-polyadenylation reaction which accompanies the 
developmentally regulated shift to secretory-specific forms of 
immunoglobulin mRNA. When we look in vitro at 
polyadenylation competent nuclear extracts prepared from early 
versus late stage/plasma B cells, we see cell stage-specific changes 
in the binding activities of two general polyadenylation factors, the 
64 kDa subunit of CstF and the 100 kDa subunit of CPSF 
(Edwalds-Gilbertand Milcarek, Mol. Cell. Biol. 15 :6420-6429 and 
Nucl. Acids Symp. 33:229-233). The increased binding is seen on 
both immunoglobulin secretory and SY40 substrates , implying that 
increased use of the immunoglobulin secretory poly(A) site in 
plasma cells is due to a generalized change in polyadenylation in 
the plasma cells. We are attempting to identify factors from B cell 
and plasma cell extracts that confer differential binding and activity 
of the 64 kDa and 100 kDa proteins to poly(A) sites . 
Characteristics of the B cell and plasma cell nuclear extracts will 
be presented. 
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Stability and transcriptional termination of Kluyveromyces lactis KICYC1 

mRNAs 

Freire-Picos, M. A., Cerdán, M. E., Rodríguez-Torres, A. M. and Ramil, E. 

Departamento de Biología Celular y Molecular, Universidad de La Coruña, 15009-

La Coruña, Spain 

The yeast Kluyveromyces /actis KJCYC1 gene encodes for a protein that presents a high 

homology with iso-1-cytochrome e protein in S. cerevisiae. Despite to this fact, at the 

transcriptional leve!, there are two significant differences between CYC1 and KICYC1 genes: i) 

KICYC1 produces two transcripts that are bigger in size than the unique CYC1 mRNA and ii) 

KICYC1 transcripts are present at higher leve! than CYC1 mRNA. This last feature also correlates 

with the physiological diferences between this two species, since S. cerevisiae is a predominantly 

ferrnentative yeast, even in full aerobic conditions, and Kluyveromyces lactis uses respiration 

more eficiently under the same conditions (1,2) . 

There is sorne differential stability between these two messengers, in this sense the 1.2 

transcrípt seems to be more stable than the 1.6 one. Northem experíments using poly(A) RNA 

confirrned that both KJCYC1 transcrípts correspond to polyadenilated forrns. lnterestingly S1-

mapping analysis revealed the existence of only one principal transcription start site and two 

major end-points placed at positions 1370 and 1070 (respect to the Hind 111 site of the ORF) 

which explain the origin of the two transcripts (2) . This is also an important difference with CYC1 

since this gene contains a major terrnination signal. 

Several sequences have been identified in yeast that function to specify transcription 

terrnination but a general consensus which could be extended to all yeast genes has not been 

found yet. The tripartite sequence TAG ... TA(T)GT .. . TTT is essential for 3'end forrnation of CYC1 

mRNA and for another S. cerevisiae genes as ADH2, AR04, TPR1 and TRP4. An AT repeat is 

also implicated in the terrnination of the ScCYC1 transcription (3). 

Analysis of KICYC1 3'sequence showed the presence of multiple consensus with these 

terrnination signals. In heterologous expression experiments we have shown that when S. 

cerevisiae is transforrned with KICYC1 gene the presence and the size of the two transcrips is 

mantained in this yeast 

To ascertain the possible relevance of maintainig two transcripts with a big 3'end we are 

perforrning northem experiments comparing the differential stability under different stages of 

culture growth and under conditions blocking KICYC1 transcription. 

1-Freire et al., 1994, Gene 139: 35-41 . 

2-Freire-Picos et al., 1995, FEBS Lett 360: 39-42. 

4-Russo et al., 1993, Mol Cell Biol. 13: 7836-7849. 
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Translational control of mouse c-mos mRNA 
Fátima Gebauer and Joel D. Richter. Worcester Foundation for Biomedical Research. 222 

Maple Avenue, Shrewsbury, MA 01545, USA 

The c-mos proto-oncogene encodes a serine-threonine kinase that is expressed almost 
exclusively in vertebrare germ cells, where it participa tes in the regulation of meiosis. In 
oocytes, c-mos is transcribed as a maternal mRNA that is stored during oogenesis and is 
translated upon initiation of meiosis. We ha ve shown that this translation event is regulated 
by cytoplasmic polyadenylation in mammals ( 1 ). Cytoplasmic polyadenylation of mouse c­
mos mRNA requires three cis elements in the 3' UTR: the hexanucleotide AAUAAA and 
two U-rich cytoplasrnic polyadenylation elements (CPEs). In order to understand the 
mechanism of translational control by cytoplasmic polyadenylation, we ha ve anempted to 
isolate the factor(s) that bind to the CPEs of mouse c-mos mRNA. As a frrst approach, we 
have obtained the mouse homolog of CPEB, a protein that recognizes the CPEs of severa! 
mRNAs in Xenopus and is required for their polyadenylation. The mouse protein, 
mCPEB, is 80% identical to its Xenopus counterpart. The highest homology is found in 
the carboxy-terminal half, which contains the putative RNA binding domain. mCPEB 
mRNA is present primarily in ovary, testis and kidney. Within the ovary, the mRNA is 
exclusively located to the oocytes. Experiments addressing the binding of mCPEB to the 3' 
UTR of c-mos mRNA and its role in polyadenylation are in progress. 

(l) Gebauer, F., W. Xu, G. M. Cooper and J. D. Richter (1994). EMBO J. 23: 5712-
5720. 
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CHARLES C. GUBSER 
MRC Laboratory of Molecular Biology 
Hills Road, CAMBRIDGE CB2 2QH (U.K.) 

Structure of the Complex Between the Human UIA Protein and a 

Conserved RNA Element in the UIA Pre-mRNA 

The U lA protein binds to its own pre-mRNA in the 3' untranslated region (UTR), and 

prevents polyadenylation of the pre-mRNA by interacting with poly(A) polymerase. 

The binding sites for U lA in the 3' UTR of its own pre-mRNA are a pair of interna! 

loops in an extended helical structure. One protein molecule binds to each loop. We 

ha ve determined the structure of one of these binding si tes alone, the structure of the 

N -terminal RNP domain of U lA, and the complete RN A -protein complex between 

them. These three structures provide the basis for an unusually detailed 

understanding of the principies of RNA-protein recognition by RNP domains. 

Exarnining the RNA structures, seven RNA nucleotides which interact with the 

protein are in the same conformation in the free and bound RNA, and the other five 

are flexible until the complex is formed . The free and bound protein structures show 

that two variable loops are in the same conformation in the free and bound protein. 

The rest of the RNA-binding surface is covered by an a helix which must move out 

the the way for the RNA to bind. The parts of the RNA and the protein which do not 

change conformation during binding interact with one another in the complex. This 

implies that complex formation in vol ves two main steps: l) the rigid body interaction 

between the RNA and the protein involving the invariant elements of structure, and 2) 

the reorientation of the a helix and the folding of the flexible unpaired nucleotides 

onto the newly exposed RNA binding surface. We have used this structure to model 

the interaction between two UIA proteins and the fulllength 3' UTR. This model 

suggests that protein protein interactions involving the C-terminus of each monomer 

may occur in the tri molecular complex, and that two U lA proteins together form a 

binding site for poly(A) polymerase. 
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CHARACTERIZATION OF NOVEL INITIATION FACTOR (eiF)-

2a. KINASES FROM Drosophila EMBRYONIC AND MOUSE 

LIVERCELLS 

Raúl Méndez, Javier Santoyo, Saturnino Herrero, Cristina Domingo, 

Miguel A. García, José Alcalde and César de Haro 

Centro de Biología Molecular "Severo Ochoa", Consejo Superior de 

Investigaciones Científicas and Universidad Autónoma de Madrid, Canto 

Blanco, 28049 Madrid. 

Protein synthesis is regulated in response to environmental stimuli by covalent 

modification, primarily phosphorylation, of components of the translational machinery. 

Phosphorylation of the a subunit of eiF-2 is one of the best-characterized mechanisms 

for down-regulliting protein synthesis in mammalian cells in response to various stress 

conditions. In Drosophila such regulatory mechanism has not been elucidated. 

Three distinct protein kinases regulate protein synthesis in eukaryotic cells by 

phosphorylating the a subunit of eiF-2 at serine-51. They are human PKR, rabbit HCI 

and yeast GCN2. The regulatory mechanisms and the molecular sizes of these eiF-2a 

kinases are very different. 

PKR is induced by interferon and activated by low concentrations of dsRNA. HCI is 

activated under heme-deficient conditions and its kinase activity is inhibited by heme. 
Yeast GCN2 is activated by amino acid starvation. 

The phosphorylation of eiF-2a results in the shut-off of protein synthesis. Nevertheless, 

the eiF-2a kinases can regulate both global as well as specific mRNA translation. 

We have reported the identification and characterization of p69, a Drosophila eiF-2a 

kinase which phosphorylates the a subunit of rabbit reticulocyte eiF-2. This study 

constitutes the first identification of an eiF-2a kinase in a high eukaryote distinct from 

mammals. 

Anti-HCI-peptide antibodies recognizing HCI, but not PKR, immunoprecipitate an elF-

2a kinase activity and recognize a 69 kDa polypeptide in Western blots of Drosophila 

Schneider's cell line S3 extracts. Drosophila e1F-2a kinase interacts with hsp83, a 

Drosophila heat shock protein related to the mammalian hsp90 that interacts with HCI. 
Drosophila eiF-2a kinase changes its subcellular localization in response to heat-shock. 

In addition, Drosophila eiF-2a kinase is selectively expressed in a group of midline 

cells in the embryonic nervous system, suggesting a role for this kinase in 

differentiation. Because Drosophila eiF-2a kinase appears to be heme-insensitive, p69 
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could be a new eiF-2a kinase which become activated in response to heat shock and 

other stress conditions. 

We have developed an improved cell-free protein synthesis system derived from mouse 

liver which faithfully translates endogenous mRNA. The system is capable of re­

initiation as demonstrated by inhibition of translation with edeine. We have also 

reported the identification and characterization of a novel mouse liver eiF-2a kinase 

(MLK) related to the HCI farnily of mammalian eiF-2a kinases. Like HCI, mouse eiF-

2a kinase is heme-sensitive and interacts with mammalian hsp90. 

Interestingly, mouse liver post-mitochondrial supernatant contain an inhibitor of both 

HCI and mouse eiF-2a kinase (MKIF) that could be involved in translational control in 

mammalian liver. The main characteristics of this novel inhibitor are the following : a) 

Inhibits HRI, PKR and MLK activities ; b) Is sensitive to N-ethylmaleimide and to 

trypsin; e) Does not inhibit PKA, PKC or CKII activities ; and d) Does no contain an 

eiF-2aP phosphatase activity. 
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ASPETCS OP THE TRANSLATIONAL CONTROL OF 5' TERMINAL 

OLIGOPYRIMIDINE mRNAs. 

Eabrizio Loreni and Francesco Amaldi 

Department ofBiology, UniversitA "Tor Vergata", Via Ricerca Scientifica- 00133 Roma, Italy 

The group of S' terminal oligopyrimidint: (TOP-) mlu-/As includes messengers coding 

for vertebrate ribosomal proteins and other components of translation apparatus, like elongation 

factor (EF) lo: and EF2. The translation of TOP-mRNAs is regulated, in general, according to 

the growth status of the cell by rapidly changing the fraction of mRNA associated with 

polysomes. Localization changes of TOP-mRNA have been shown in many eukaryotic 

cultured cell systems following growth rate variations, as well as in amphibian and mammalian 

in vivo systems during development Sequence elements involved in translational control ha ve 

been identified in the 5' UTR of TOP-mRNAs. In particular the polypyrimidine stretch at the 5' 

end of the messengers is necessary although probably not sufficicnt 

During the analysis of TOP-mRNA translational control in Xenopus cultured cell, we 

observed that treatment of cell~ with transcription inhibitor actinomycin D interfered with the 

mRNA localization change. To further analyze the phenomenon we have used different drugs 

and dosages to inhlbit transcription both totally and partially in the following ways: a) total 

transcription inhibition with high doses (21-lg/ml) of actinomycin D or cordycepin; b) 

polymerase I transcription inhibition with low doses (50 ng/ml) of actinomycin D; e) 

polymerase II transcription inhibition with o:-amanitin or dichloro-beta-D­

ribofuranosylbenzimidazole (DRB). The results show that total transcription inhibition can 

relieve translational repression of TOP-mRNAs in cultured cells. In fact treatment of serum­

starved cells with high doses of actinomycin D or cordycepin induces a localization change of 

TOP-mRNAs írom mRNPs to polysomes. Since the effect is not observed in !he presence of 

poi I or poi II inhlbitors we conclude that the phenomenon is due to poi lli inhíbition. One 

possibility is that translation repression ofTOP-mRNA requi.res, directly or indirectly, a polill 

product and that transcription inhibition causes a decrease in the amount of such repressor. 

More recenrly it has been sbown that rpS6 phosphorylation by p70 S6 kinase in response 

to mitogenic stimulation parallels translational activation of 5' TOP-mRNA. To establish the 

possible causal relationship between these two phenomena, in collaboration with Geroge 

Thomas at the Friedrich Micscher lnstitute in Basel, I am using in vitro translation extracts 

prepared from HeLa cells. Extracts are prepared from both growing (5' TOP-mRNAs 

translationally active) and resting cells (S' TOP-mRNAs translationally repressed). The role of 

rpS6 will be investigated by altering its phosphorylation status in the extracts and monitoring 

the consequences on 5' TOP-mRNA u·anslation. In panicular a consútutively active form of 

p70S6k will be tested for its capacity to stimulate 5' TOP-mRNA translation in the exu·act from 

resting cells. 
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MOLECULAR ANALYSIS OF INFLUENZA VIRUS NS1 PROTEIN 
Marión R.M., Fortes P. and Ortín J. 
Centro Nacional de Biotecnología (CSIC). Campus de Cantoblanco. 
28049. Madrid. 

The genetic material of influenza virus cons!sts of eight 
negative-stranded RNA segments. RNA segment 8 encodes two 
proteins, NS1 and NS2, by differential splicing. The collinear 
transcript acts as a mRNA for NSl protein, while the spliced mRNA 
encodes NS2 protein. The non-structural protein NS1 accumulates 
mainly in the nucleus _during virus infection. lt is a RNA-binding 
protein that can bind both vRNA and poi y A +-RNA. lt has be en 
described that NS1 expression leads to an inhibition of mRNAs 
nuclecytoplasmic transport, and therefore an accumulation of 
mRNAs in the nucleus. Furthermore, inactivation of the NSl gene 
increases the sp!icing efficiency of its own pre-mRNA, suggesting 
that NS1 is a inhibitor factor of pre-mRNA splicing. This effect is 
not specific since NS1 protein also inhibits the splicing process of 
non-viral pre-mRNAs. 

To identify functional domains of this protein, we have 
constructed three types of mutants: amino-terminal deletion 
mutants, carboxy-terminal deletion mutants and amino acid 
insertion mutants. In vivo expression and labeling of the mutants 
showed that all of them are expressed in amounts similar to wt 
N S l. 

To assay the ability of the mutants to retain mRNAs in the 
nucleus, two different approaches have been carried out. First, 
cultures of COS-1 cells were transfected with vectors co­
expressing the mutated proteins and influenza virus NP protein. 
After fractionation into nuclear and cytoplasmíc fractions, polyA + 
RNAs were isolated and analyzed by dot-hybridization using a NP­
specific probe. Second, cultures of Hela cells were transfected 
with plasmids expressing the mutated proteins. After fixation and 
incubation with a fluorescent-labeled anti-polyA+ olígonucleotide, 
polyA+ mRNAs localizatíon was shown by fluorescence microscopy. 
Preliminar results of both assays suggest that aminoacids 1 to 11 3 
are sufficient to inhibit the mRNAs nucleocytoplasmic transport. 
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REGULATION OF uPA GENE EXPRBSSION DURING MYOGENESIS: EVIDBNCE FOR 
POST-TRANSCRIPTIONAL RBGULATORY MECHANISMS. 
F:ranc:eac: Mi:r:all•••· 1 Hontser:r:at Baiget', Jordi F6lez" 1 ra Muñoz-CI.noves'. 
'Oepartament de Receptor• Cel.lulars , Inetitut de Recerca Qnc:o c:a, Barcelona. 
•unitat de Genltica Molecula:r:, Hospital d• Sant Pau, Barcelona, Spa1n. 

The urokinase-type plasminogen activator (uPA) is a serine protease 
involved in several physiological and pathological events such as 
fibrinolysis, embryo rnorphogenesis, cell rnigration, invasiveness 
and tissue remodelling. The aim of our work has been to elucidate 
whether uPA is involved in the process of rnyogenesis . 
C2Cl2 cells are rnurine skeletal myoblasts which can be rnanipulated 
to fuse and differentiate by changing the culture conditions. There 
was a correlation between the levels of uPA activity and the extent 
of rnyotube forrnation, with uPA mRNA increasing dramatically prior 
to myoblast fusion. To as ses whether the uPA mRNA increase was due 
to transcriptional regulation of the gene, we perforrned run-on 
assa~s at the proliferating, confluent and differentiated states, 
as well as analysis of prometer deletion contructs linked to the 
luciferase reporter gene in stably transfected cells. The run-on 
transcriptional rates were similar throughout the whole myogenic 
proc~ss, therefore suggesting that post-transcriptional rnechanisrns 
mighL account for the uPA mRNA increase . Nevertheless, luciferase 
constructs (-8 1 2 Kb and -2 Kb) were only active in proliferating 
cellb, thus implying the relevance of other gene sequences in the 
transcription of uPA in differentiated cells. Stability of 
transcripts was studied by DRB chase experiments in proliferating 
and differentiated cells. The uPA mRNA half-life was found to be 
diff~rent at ooth states, being more stable in the proliferating 
cells. uPA mRNA 3'untranslated region contains an AU-rich region 
close to the polyadenylation signal. In other rnRNAs, AU-rich 
regiqns have been reported to bind to cytosolic proteins which take 
part in the rnodulation of mRNA turn-over . We tested the possibility 
that :one of such AU-rich binding proteins (AUBP) rnight be present 
and differently expressed in the proliferating and differentiated 
muscle cells, by RNA band-shift and uv cross-linking assays. A 
protein of 48 kd was shown to bind uPA mRNA AU-rich region . 
Howeyer, this protein was detected in both the proliferating and 
diff~rentiated rnuscle cells . We are currently investigating the 
role of this protein in post-transcripcional regulatory mecanisms 
other than mRNA stabilization, such as the control of transcripcion 
and ~ranslation.DGICYT PM92-178 
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The elongation factor Ts from 
T. Thennophilus 

Steffen Nock, Jutta Blank and Mathias Sprinzl 

Universitat Bayreuth 
Lehrstuhl für Biochemie, Universitatsstr. 30 

D-95440 BAYREUTH (Germany) 

The gene of elongation factor Ts from Thermus thermophilus was sequenced, cloned and the 

protein overproduced in E. coli. In comparison with EF-Ts from E. coli with 2S: amino acid 

residues, EF-Ts from T thermophi/us is considerably shorter, differing by 86 arnino 2.cids EF-

Ts from the thermophile is stable at high temperatures, which facilitates its sep2.ration from E. 

coli proteins. Purified T thermophilus EF-Ts forms a homodimer which contains a disulfidc 

bridge between the two cysteines at position 190. Modification of cys¡eine 190 by 

iodoacetamidc affccts neither dimerization nor the ability of EF-Ts to facilita¡ e the nucleotide 

exchange of EF-Tu . The disulfide bridge was dctect ed only in purified EF-Ts, but not in 

protein extracts immediately after ccll di sruption Thc physiological role of ¡f-.:s S-S bridge 

remains thercfore unclear. Sorne EF-Ts variant s wcrc obtaincd that are no more 2.ble to form 

dimers. These monomers seem to be inactive in acceleration of guaninc nucleotic e exchange in 

EF-Tu. Besides the tetrameric EF-Tu2·EF-Ts2 complcx, a trimeric EF-Tu·EF-Ts2 complcx 

can be detected by gel permeation chromatography and polyacrylamidc gel electrophoresis 

Trypsin cleavage after lysine 48 or modification of Cys78 yield inactive EF-T s that docs not 

bind to EF-Tu, but is still capable of forming homodimers 
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SEQUENCE AND STRUCTURAL ELEMENTS IN THE POLYADENYLATION 
SIGNAL OF YEAST FBP 1 GENE 
A. Aranda, M. del Olmo. and J.E. Pérez-Ortín. Departament de Bioquímica i Biología 
Molecular. Facultats de Ciencies. Universitat de Valencia. C/ Dr. Moliner, 50. E-46100. 
Burjassot. Spain. 346-3864385 

Inverted repeats potentially able to form cruciforms have been found in many 
different organisms, specially in promoters and regions of transcription termination in 
bacteria and viruses. Although the existence of cruciforms in superhelical DNA in vitro 
has been demonstrated in many cases, the presence of these structures in vivo in 
eukaryotes is less certain. We have showed that an imperfect (dA-dT)12 tract placed at the 
3' end of the FBP 1 gene exists as a cruciform in naked DNA depending on the 
supercoiling state (1 ). Using nested deletions, in vitro processing, and an in vivo 
functional assay (2) we have found that a short sequence including the (dA-dT) 12 tract acts 
as a very efficient polyadenylation signa! and strong terminator in both directions. Tlús 
sequence overlaps also with sequences proposed for mRNA 3' end formation in yeast (3, 
4) and for efficient transcription termination (5, 6). The complete deletion of the sequence 
capable of cruciform formation leads to the detection of very low levels of transcript 
although we still detect processing of this transcript with different assays (2, 7) 
Determination of the polyadenylation sites in tlús case by RACE indicates that the 
specificity has completely disappeared and many sites are used randomly. These results 
rise the possibility of a functional implication of the A+T rich sequence by itself or the 
non-B-DNA structure, or mRNA secondary structure derived from it in the 3' end 
formation in yeast. 

1.- Del Olmo, M. and Pérez-Ortín, J. E. ( 1993) Plasmid 29, 222-232 
2.- Irniger, S, Egli, C.M. and Braus, GH (1991) Mol Cell Biol ll, 3060-3069 
3- Zaret, K.S. and Sherman, F. (1982) Cell28, 563-573 
4.- Russo, P, Li, W.-Z., Hampsey, D M, Zaret, K.S , and Sherman, F. (1991) EMBO .1 
H. 1571 -1580 
5- Russo, P. , and Sherman, F. (1989) P NAS 86, 8348-8352 
6.- Russo, P. (1995) Yeast ll, 447-453 
7- Hyman, LE, Seiler, S.H, Whoriskey, J. and Moore, C. L. (1991) Mol Cell Biol ll. 
2004-2012 
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Alternatiye spljcjng of exon 14 determines nuclear or cytoplasmic localisation 

of FMR1 protein isoforms 

Annie Sittler, Didier Devys, Chantal Weber and Jean-Louis Mande! 

lmpaired expression of the FMR1 gene is responsible for the fragile X mental 

retardation syndrome. The FMR1 gene encodes a cytoplasmic protein with 

RNA-binding properties . lts complex alternative splicíng leads to severa! 

isoforms, whose abundance and specific functions in the cell are not known . 

We have cloned in expression vectors, cDNAs corresponding to severa! 

isoforms. Western blot comparison of the pattern of endogenous FMR 1 

proteins with these transfected isoforms allowed the tentative identification of 

the major endogenous isoform as ISO 7 and of a minar band as an isoform 

lacking exon 14 sequences (ISO 6 or ISO 1 2), while sorne other isoforms (ISO 

4, ISO 5) were not expressed at detectable levels. Surprisingly, in 

immunofluorescence studies, the transfected splice variants that exclude exon 

14 sequences (and have alternate e-terminal regions) were shown to be 

nuclear. Such differential localisation was however not seen in subcellular 

fractionation studies. Analysis of various deletion mutants suggests the 

presence of a cytoplasmic retention domain encoded in exon 14, and of a 

nuclear association domain encoded within the first 8 exons that appear 

however to lack a typical nuclear localisation signa!. 
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THE AR04 /H/57 INTERGENIC REGION: HOW DOES THE YEAST 
CELL AVOID TRANSCRIPTIONAL INTERFERENCE. 

CHRISTOPH SPRINGER, AxEL STRITTMATTER ANO GERHARO H. BRAUS; 

INSTITUTE OF MICR0610LOGY, BIOCHEMISTRY ANO GENETICS, FRIEDRICH­
ALEXANDER-UNIVERSITY, STAUOT-STRASSE 5, D-91 058 ERLANGEN, GERMANY 
TEL. (+49) 9131 85 82 59 FAX (+49) 9131 85 82 54 

The AR04 gene of Saccharomyces cerevisiae codes for the tyrosine 
inhibited 3-deoxy-D-arabino-heptulosonate-7-phosphate (DAHP) synthase 
catalyzing the first step in the shikimate pathway (Künzler et al. 1995). The 
HIS7 gene is located just downstream of the AR04 gene on the yeast 
chromosome 11. lt codes for the bifunctional glutamine amidotransfer­
ase:cyclase catalyzing the fifth and sixth step in the de novo histidine 
biosynthesis (Künzler et al. 1993). The two genes are transcribed in the 
same orientation. The intergenic region between the UAG stop codon of the 
AR04 gene and the AUG start codon of the HIS7 gene consists only of 418 
bp. Within this short interval the yeast cell has to termínate AR04 
transcription and to initiate transcription of the HIS7 gene. 

We have analyzed this intergenic region in detail. The AR04 3'end formation 
signa! belongs to the class of weak bidirektional terminators (lmiger et al. 

1991). lt is at least 70 pb in length and contains a Zaret/Sherman sequence 
element. We are currently characterizing this poly(A) addition site in more 
detail using our 3'end forrnation test system containing an ACT prometer and 
an ADH1 terminator with a multiple cloning site inbetween (lmiger et al. 

1991). This test system allows us to address the question how transcriptional 
interference between the two genes is avoided. There are now sorne 
evidences that a 16 bp element directs 3'end formation on the AR04 
transcript in both orientations. lt is located just 1 O bp upstream of the most 
proximal poly(A) site and does not contain the Zaret/Sherrnan sequence. In 
addition, deletion of the Zaret/Sherman element has no effect on AR04 
3'end formation in both orientations. Downstream of the 16 bp sequence we 
found sorne cis-acting elements which do not affect AR04 3'end formation 
but regulate HIS7 transcription. However Deletion of the 16 bp sequence 
has no effect on HIS7 transcription. This result suggests that the cell 
efficiently prevents transcriptional interference between the AR04 and the 
HIS7 gene even in the case of a non functional AR04 polyadenylation site . 
We are now addressing the question how the cell avoids transcriptional 
interference. 

Stephan lmiger, Christoph M. Egli, and Gerhard H. Braus (1991) Difieren! classes of 
polyadenylation sites in the yeast Saccharomyces cerevisiae. Mol. Cell. Biol. 12, 3060-
3069. 

Markus Künzler, Tiziano Balmelli, Christoph M. Egli, Gerhard Paravicini, and Gerhard H. Braus 
(1993) Cloning, primary structure, and regulation of the HIS7 gene encoding a 
bifunctional glutamine amidotrasferase:cyclase from Saccharomyces cerevisiae. J. 
Bacteriol. 175. 5548-5558. 

Markus Künzler, Christoph Spribger. and Gerhard H. Braus (1995) Activation and repression 
of the yeast AR03 gene by global transcription factors. Mol. Microbiol. 15, 167-178. 



Instituto Juan March (Madrid)

75 

SEQUENCB-SPECIFlC CONTROL OF PRE-mRNA METABOLISM Thl YEAST BY THE 
PRODUCTS OFTHENRDJ ANDNRD2 GENES 
Eric . Steinmet7. and David A. Brow, Dept. of Biomolecular Chemistry, University of 
Wisconsm, a tson, WI 53706-1532 

We have identified a cis-acting element and two h'OIIs-acting factors that modulate gene 
expression in the yeast S. cerevisiae by altering pre-mRNA accumulation. The cis-acting elemcnt 
is an artificial construct about 140 nucleotides long and consists in part of anti-sense U6 RNA. 
lntroduction of the sequence e1ement into the intron of a reporter gene results in a 20-fold decrease 
in the steady-state amount of reporter pre-mRNA. The decreased abundance of full-length pre­
mRNA is accompanied by the appearance of 3'-truncated pre-mRNA fragments whose 3' ends lie 
downstream of the element insert10n si te. Point mutations in a 14-nucleotide region of the anti­
sense U6 RNA greatly diminish the element's effect, and may define a recognition site for a 
binding factor. Deletion studies indicate that features flanking this sequence-specific region are 
also required for the down-regulation of pre-mRNA abundance. The generation of truncated pre­
mRNA fragments is consisten! with either premature transcriptional arrest, or RNA degradation via 
endo- andlor exonucleolytic digestion. 

Extragenic mutations that suppress the effect of cis element insertion arise spontaneously in 
two genes, which we ha ve designated NRD 1 and NRD2 (for Nuclear prc-mRNA Uown­
regulation). We have cloned the NRDI gene and found it to encocle a novel yeast hnRNP-Iike 
protein with severa! interesting features . These include n putative RNA binding domain of the 
RNP consensus type, a reg.ion rich in RE and RS dipeptides similnr to those found in a number of 
proteins involvcd in constitutive and regulated splicing in metazoans, and a C-tenninal proline + 
glutamine rich (P+Q) domain similar to that of the yeast hnRNP protein, Nab3 (1). We 
hypothesize that the Nrdl protein binds directly to the ciJ element in pre-mRNA (perhaps to the 14-

nucleotide region encompassing the supprcssor point mutations) and that this binding is a 
prerequisite for the generation of truncated pre-mRNA fragrnents. The RE/R.S domain of Nrd 1 
suggests tll!lt this pre-mRNA control mechanism may be coupled to the splicing pathway. 

We have al so cloned the NRD2 gene, which appears to be identical toSEN J. Sen 1 is an 
essential nuclear protein that has a domain sharing homology with the helicase motif of the yeast 
Upfl prolein, which is involved in cytoplasmic nonsense-mediated mRNA decay (2·4). Mutations 
affectmg SENJ have pleiotropic effects on n variety of nuclear functions, including tRNA splicing, 
rRNA processing, localization of nucleolar proteins, chromosome maintenunce, and nuclear fusion 
(2,4,5). Our results represen! the first evidence for a role for Sen 1 in pre-mRNA metabolism The 
spectrum of Senl mutant phenotypes is similar to those associated with severa! factors involved in 
nucleo-cytoplasrnic transpon of mRNA (6), suggesting tl1at Sen! m ay function in nuclear 
trafficking ofpre·mRNA. Thus, our studies may help to identify factors and mechanisms 
controlling the nuclear fate of pre-mRNA and mRNA from transcription through transport. 

B.EFERENCES: 
l. Wilson, S.M. et al., 1994. J. Cell Biol. 127, 1173-1184 
2. DeMarini D.J. et al., 1992. Mol. Cell. Biol. 12,2154-2164 
3. Leeds P. et al., 1992. Mol. Cell. Biol. 12,2165-2177 
4. Ursic, D., DeMarini, D.J. and Culbertson, M.R. 1995. Mol. Gen. Genet. 249, in press 
5. Page, B.D. and Snyder, M. 1992. Genes & Dev. 6, 1414-1429 
6. Schneiter, R., Kadowaki, T. and Tartakoff, A.M. 1995. Mol. Biol. Cell6, 357-370 
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RNA PSEUDOKNOT FROM BEET WESTERN 
YELLOW VIRUS AT 1.9 Á RESOLUTION, 

Li Su and Alexander Rich, Department of Biology, Massachusetts 
Institute ofTechnology, Cambridge MA 02139 
The RNA pseudoknot is a very important tertiary motif widely found in 
virtually every class of RNA. In this motif, nucleotides from the loop 
region of a hairpin pair with a single stranded region outside the hairpin 
to form a quasi-continuous helix with loops crossing the major and minor 
groove. This unique structural motif is recognized by certain proteins and 
translational components to regulate translation on frameshifting and 
suppression. Furthermore and in particular, recent evidence shows that 
pseudoknots are potent inhibitors of the re verse transcriptase of HIV, the 
virus that causes AIDS. To date, no detailed information of the geometry 
of this motif at atomic resolution is available. 
We were able to produce highly ordered single crystals of an RNA 
pseudoknot from Beet Western Y ellow virus. This pseudoknot fragment 
is 28 nucleotides in length and involved in the translational frameshifting 
of open reading frames 2-3 to produce a fusion protein. The large amount 
of RNA used for crystallization was produced by the 17 RNA 
polymerase in vitro transcription system. Crystals of two different forms 
were obtained. One crystallattice is trigonal, space group P3(1)21, unit 
cell a=30.84, b=30.84, c=l44.55 , a=90.0, ~=90.0, y=l20.0, with 1 
molecule in the assymetric unit. The diffraction limit is 1.9 A, which is 
well beyond the resolution of crystals of comparable RNA molecules 
such as tRNA (2.8 Á) and ribozymes (2.6 Á.). The other crystal form is 
cubic, !23, a=b=c=108.9, diffraction limit 2.8 A. Structure analysis will 
proceed with Multiple Isomorphous Replacement and Molecular 
Replacement methods. Concurrently, we are performing Rnase mapping 
and chemical modification studies to probe the tertiary interactions in 
solution. The comparison of the · pseudoknot structure in the two crystal 
forms along with the biochemical studies will allow us to gain sufficient 
knowledge of this motif. 
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*247 Workshop on Pathogenesis-related 
Proteins in Plants. 
Organizers: V. Conejero and L. C. Van 
Loon. 

*248 Course on DNA - Protein lnteraction. 
M. Beato. 

*249 Workshop on Molecular Diagnosis of 
Cancer. 
Organizers: M. Perucho and P. García 
Barreno. 

*251 Lecture Course on Approaches to 
Plant Development. 
Organizers: P. Puigdoménech and T. 
N el son. 

*252 Curso Experimental de Electroforesis 
Bidimensional de Alta Resolución. 
Organizer: Juan F. Santarén. 

253 Workshop on Genome Expression 
and Pathogenesis of Plant RNA 
Viruses. 
Organizers: F. García-Arenal and P. 
Palukaitis. 

254 Advanced Course on Biochemistry 
and Genetics of Yeast. 
Organizers: C. Gancedo, J. M. Gancedo, 
M. A. Delgado and l. L. Calderón. 

*255 Workshop on the Reference Points in 
Evolution. 
Organizers: P. Alberch and G. A. Dover. 

*256 Workshop on Chromatin Structure 
and Gene Expression. 
Organizers: F. Azorín , M. Beato and A. 
A. Travers. 

257 Lecture Course on Polyamines as 
Modulators of Plant Development. 
Organizers : A. W. Galston and A. F. 
Tiburcio. 

*258 Workshop on Flower Development. 
Organizers: H. Saedler, J. P. Beltrán and 
J. Paz-Ares. 

*259 Workshop on Transcription and 
Replication of Negative Strand RNA 
Viruses. 
Organizers: D. Kolakofsky and J. Ortín. 

*260 Lecture Course on Molecular Biology 
of the Rhizobium-Legume Symbiosis. 
Organizer: T. Ruiz-Argüeso. 

261 Workshop on Regulation of 
Translation in Animal Virus-lnfected 
Ce lis. 
Organizers : N. Sonenberg and L. 
Carrasco. 

*263 Lecture Course on the Polymerase 
Chain Reaction. 
Organizers : M. Perucho and E. 
Martínez-Salas. 

*264 Workshop on Yeast Transport and 
Energetics. 
Organizers: A. Rodríguez-Navarro and 
R. Lagunas. 

265 Workshop on Adhesion Receptors in 
the lmmune System. 
Organizers : T. A. Springer and F. 
Sánchez-Madrid. 
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Organizers: M. McCieiland and X. Estivill. 
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and Gene Expression. 
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Wolffe. 
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42 Workshop on Structure, Function and 
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The Centre for Intemational Meetings on Biology 
was created within the 

Instituto Juan March de Estudios e Investigaciones, 
a prívate foundation specialized in scientific activities 

which complements the cultural work 
of the Fundación Juan March. 

The Centre endeavours to actively and 
sistematically promote cooperation among Spanish 

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

and Experimental Courses, Seminars, 
Symposia and the Juan March Lectures on Biology. 

From 1988 through 1995 , a 
total of 83 meetings and 7 

Juan March Lecture Cycles, all 
dealing with a wide range of 
subjects of biological interest, 

were organized within the 
scope of the Centre. 
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