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Allan Wolffe likes to quote from a review which claims "chromatin is the last refuge of 

scoundrels". From this workshop, it appears that the nurnber of scoundrels is increasing and that 

they are no longer seeking refuge! 

Although it has long been recognized that transcriptionally active domairui of chromatin 

are relatively highly acetylated, the identification ofmultiple histone acetyl transferases (HATs) 

and histone deacetylases (HDs) capable of modicying specific lysine residues in specific genes is 

very recent. Acetylation of lysine residues in the N-tails of core histones is now seen as loosening 

the chromatin structure thereby permitting access by transcription factors and potentiating a gene 

sequence for transcriptional activation. Conversely, methylation of both DNA and histones is 

now recognized to permit recruitment of proteins such as MeCP2 that condense chromatin, 

leading to transcriptionally inactive domains. The latter interactions are highly parallel to the 

inactivation oftransgenes, specially in plants, that falls under the general term "gene silencing." 

Fundamental insight to nucleosome packing and transcriptional activation has been gained 

through studies in animal models such as MMTV, and information concerning the relationship of 

chromatin modification and gene function is now growing for plants, especially through the study 

of trangenes. This workshop provided an unprecedented opportunity for the exchange of 

information between animal and plant scientists who are focusing on the relationship of 

chromatin to transcriptional activation and inactivation, and the outcome will be stimulating to 

research in both fields. 

The presentations, surnmarized in this booklet, first explored chemical modifications of 

chromatin such as acetylation, methylation and phosphorylation. From the work discussed, it 

became apparent that parallel situations exist for animal, lower eukaryote and plant systems, with 

regulatory systems balancing HAT and HD activities for specific genes during development. 

Methylation of chromatin general! y represses expression, and probably reflects genome defense 

systerns that may be ancient in origin and retained to suppress the activity of retroviral elements 

that are now known to be ubiquitous and abundant in eukaryotes from maize to man. In addition 

to their original functions, these active defense mechanisms appear to be effective in silencing 

transgene sequences that are recognized as intrusive to the genome. Methylation may be signaled 

by sequence duplication and can probably act through various pathways to achieve transcriptional 

inactivation. 
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Examples of two step processes in gene function - potentiation and transcriptional 

activation - were provided for both animal and plant systems that are known to have precisely 

positioned nucleosomes. While acetylation is clearly a powerful force in potentiating a chromatin 

domain for activation, altemative or interactive systems such as the A TP-dependent remodeling 

of nucleosomes by SWIISNF complexes is now well established and exciting information 

describing the interaction of such remodeling machines with nucleosome arrays was presented. It 

seerns that for severa! gene. systems we are drawing close to an understanding of the mechanisms 

that trigger the cascade of events involved in transcriptional activation. 

New work predicting a highly compacted, interdigitated helical model for chromatin and 

contemplation of the poten tia! role of DNA topology in setting chromatin structure suggested that 

much remains to be learned in the area of chrornatin. It was also evident that features of higher 

order chromatin structure, such as the rnatrix attachment regions (MARs) need further evaluation 

as to their potential role for diminishing the effect of chromosomal location on activity. 

Especially important work was described relating transgene position, located by fluorescent in 

situ hybridization, with function. At an even higher leve! of organization, the existence of ordered 

chromosomal arrays in cells and even of mobile RNA arrays (coiled bodies) within the nucleus 

rerninded us that many new treasures are likely to be found in the Pandora's Box that we know as 

the eukaryotic cell. 
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PHOSPHORYLATION, ACETYLATION AND TRANSCRIPTIONAL 
ACTIVITY 

Craig Mizzen, Min-Hao Kuo, Lucia Monaco+, 

Paolo Sassone-Corsi.¡., and C. David Allis 

Department of Biochernistry and Molecular Genetics 
University of Virgirúa, Health Sciences Center 
Charlottesville V A 22908 

+Institut de Génétique et de Biologie Moléculaire et Cellulaire 
CNRS, INSERM. ULP, B. P. 163, 67404 Dlkirch-Strasbourg, France 

Abundant biochemical and genetic data support long-standing correlations betweer: 
histone modifications, notably acetylation and phosphorylation, and gene 
regulation. We favor the view that covalent changes in histone termini influence 
their interactions with DNA and/or other proteins to enhance transcription and 
other DNA-templated processes. The recent identification of histone-modifying 
enzymes as components of the transcription apparatus has provided critica! 
evidence linking chromatin structure to transcriptional activity. Other studies hav• 
shown that histone phosphorylation also plays important roles in chromosome 
condensation during mitosis as well as an immediate-early response to mitogens. 
The kinases responsible for these phosphorylation events have remained elusive. 

Evidence will be presented that Rsk-2, a member of the p9orsk family of mitogen­
activated kinases implicated in cell proliferation, is the kinase responsible for 
mitogen-stimulated hi.stone H3 phosphorylation in human cells. Mutations in the 
RSK-2 gene are causally linked to the Coffin-Lo'Wry syndrome (CLS), an X-linked 
disorder, in human5. Cells derived from CLS-afflicted individuals (i. e. Rsk-2 
deficient) fail to exhibit H3 phosphorylation after mitogen stimulation even thougl 
mitosis-related H3 phosphorylation is normal. Our results provide the first 
evidence that a core hi.stone is a physíological substrate of a MAPK effector, and 
provide new insights irito a poorly appredated mechanism that links histone H3 
phosphorylation to activation by mitogens. We suspect that a chromatin 
remodeling step involving H3 phosphorylation. possibly in concert "'-'Íth histone 
a,cetylation of mitogen-stimulated genes, is a critica! part of a signaling pathway 
whose rnisregulation is intimately linked to a human disease. These data provide 
strong support for the concept that variegation of chromatin structure, through 
covalent modification of histones, plays an important role in gene regulation with 
significant implications for human biology and disease. 
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Histone acetylation: new facts - old questions 

Petar loidl 

Department of Microbiology, University of lnnsbruck, Medica! School, Fritz-Pregi-Str.3, 

A-6020 lnnsbruck. Austria. 

~:-amino groups of specific lysine residues within the N-terminal extensions of core 

histones are posttranslationally modified by acetylation. The recent discovery that 

numerous transcriptional regulators exert histone acetyltransferase (HAT) or histone 

deacetylase (HD) activity stimulated the attentíon on the role of chromatin structure in 

gene regulation (1) . lt has been demonstrated that HATs and HDs can interact with 

specific DNA-binding activator or repressor proteins, thereby modulating transcriptional 

actívity of specific promoters by locally changing chromatin structure. lt is still unclear 

whether a distinct acetylation pattern directly alters nucleosomal structure or acts as a 

signa!, much like protein phosphorylation, that triggers chromosomal events by 

changing protein-histone interactions; th is víew was conceptually supported by the 

recent findings that non-histone proteins, like p53 or general transcription factors are 

acetylated by HATs in vivoand in vitro (2. 3). 

In fungi and plants. multiple enzyme forms of HATs and HDs exist. In Physarum 

polycephalum we could characterize 6 nuclear A-type HAT s apart from the cytoplasmic 

B-enzyme (4) which is highly substrate and site specific, only acetylating H4 on lysines 

12 and S in a sequential mode (S). In contras! to mammalian cells, where so far only 

HDs of the RPD3-type have been identified (6). in plants. there are at leas! 3 distinct 

families of histone deacetylases; in maize embryos. 2 RP03-type HDs could be 

identified corresponding to the HD1-B enzyme activity. Besides, a nucleolar 

phosphoprotein (HD2) has been identified as a deacetylase (7) which shares sequence 

homology with a class of peptidyl-prolyl cis-trans isomerases (8 . 9) . and a third 

deacetytase, HD1-A, which is unrelated to RPD3 and nucleolar HD2. The members of 

these HD families differ considerably in substrate and lysine site specificity, interaction 

with other regulatory proteins. and the expression pattern during the cell cycle and 
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differentiation pathways. Moreover. phosphorylation changes enzymatic properties and 

substrate/sile specificities of HD1 -A and H02. 

The facts that histone acetyfation enzymes exert their functions as protein complexes of 

different composition. are associated with protein phosphorylation pathways, and have a 

very pronounced specificity for a distinct acetylation pattern suggest a highly comple.x 

role in the modulation of gene activity, rather than a unique structural effect on 

nucleosomes by simple changes of histone octamer charge. The multiplicity of HATs 

and HDs and the complex regulation suggest that histone acetyfation has additional. yet 

unidentified functions in nuclear processes, apart from its well-established role in 

transcriptional activation and repression . 

1. Struhl , K. Genes Dev. 12, 599-606 (1998). 

2. Gu, W. & Roeder. R. G. Ce// 90,595-606 (1997). 

3. lmhof. A., Yang, X-J ., Ogryzko, V. V .. Nakatani, Y. , Wolffe, A. P. & Ge, H. Curr. Biol. 7, 

689-692 (1997) . 

4. Lusser, A., Brosch. G .. López-Rodas, G. & Loidl. P. Eur. J Gel/ Biol 74, 102-110 

(1997) 

5. Kólle, D., Sarg, B., Undner, H. & Loidl , P. FEBS Lett. 421, 109-114 (1998) . 

6 . Taunton. J .. Hassig, C. A. & Schreiber. S. L. Science272, 408-411 (1996). 

7. Lusser, A., Brosch. G .. Loidl. A., Haas, H. & Loidl. P. Science 277 , 88-91 (1997). 

8. Aravind. L. & Koonin, E. V. Science 260, 1167 (1998). 

9. Dangl, M .. Lusser. A .. Brosch, G .. Loidl. A.. Haas. H. & Loidl, P. Science 280, 1167 

) -< (1998). 
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CYTOSINE METHYLA TION rN MAMMALIAN DEVELOPMENT AND GENO ME 
DEFENSE 

C. P. Walsh, T. H. Bestor 
Department of Genetics and Development, College of Physicians and 
Surgeons ofColumbia University, 701 West 168th St., New York NY 10032 

Retroviral DNA represents 1 to 2 percent of the mammalian genome (exons of cellular 
genes represent only -3 percent), but the constitutive promoters in most proviruses are 
paradoxically si1ent. The most abundant and active endogenous retrovirus in the mouse genome 
is the intracisternal A particle (IAP) element. We show here that cytosine methylation is rate-
1imiting for transcription ofiAP proviruses, and that IAP transcript levels increase 50-100 fold 
in mouse embryos deficient in Dnmtl (DNA methy1transferase-l). IAP proviral DNA is 
heavily methylated in all cell types except for the premeiotic oocyte and for a brief period in 
the development of the primordial germ cell, where retroviral DNA is not expressed at high 
1evels. Cytosine methylation therefore suppresses IAP transcription for the large majority of the 
life of germ cells. De novo methylation of IAP proviral DNA is not coupled to DNA 
replication but is triggered in nondividing germ cells during gametogenesis; this occurs prior to 
meiosis in mate germ cells but only after the pachytene stage of female meiosis l. The fact that 
restrictions on future transcriptional potential are simultaneously imposed on endoge-nous 
imprinted genes and on IAP retroviral DNA in nondividing germ cells suggests that similar 
mechanisms may regulate genomic imprinting and the silencing of parasitic sequences. The 
pre-mRNA for Dnmtl , the.predominant de novo and maintenance DNA methyltransferase of 
mammals, undergoes complex alternative splicing of S' exons which controls the production 
and localization of active .Dnmtl enzyme. There is also evidence of additional DNA 
methyltransferases of unusual character that may be involved in the de novo methylation of 
imprinted loci and parasitic sequences during gametogenesis and preimplantation development. 
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SUPPRESSION OF HOMOLOGOUS RECOMBINA TION BY DNA 
METHYLATION 

V. Colot, L. Maloisel and J.-L. Rossignol 
Institut Jacques Monod- Universités Paris 6 & 7- 2 Place Jussieu - 75251 París cedex 05 -
France 

Homologous recombination between dispersed DNA repeats creates chromosomal 
rearrangements that are deleterious to the genome. The methylation associated with DNA 
repeats in many eukaryotes might serve to inhibit homologous recombination and play a role 
in preserving genome integrity. This hypothesis has now been directly tested in the fungus 
Ascobolus immersus, by making use of the natural process of Methylation Induced 
Premeiotically (MIP) to methylate a discrete DNA region in vivo. It was shown that the 
frequency of crossing-over between flanking markers is reduced 300-fo1d when the region 
between the markers is methylated on both chromosomes and 50-fo1d when it is methylated 
on one ofthe two recombining chromosomes (1). The latter effect indicates that methylation 
does not act by simply blocking the initiation of recombination on the methylated homolog. 
Based on this and on the observation that transfer of methylation frequently occurs between 
alleles during recombination (l, 2), we have conducted experiments airned at defining the 
extent to which many step(s) of the recombination process are affected by methylation. 
Results indicate that the formation of heteroduplex DNA, a central intermediate of the 
recombination reaction, is Iittle affected by methylation when it contains mismatches that are 
poorly recognized by the mismatch repair machinery. These data strong1y argue in favor of 
an inhibitory effect of methylation on crossing-over taking place late, possibly during 
maturation of the recombination intermediates into crossover products. 

l. L. Ma1oise1, J. L. Rossigno1, Genes Dev 12, 1381-9 (1998) . 
2 .V. Co1ot, L. Ma1oisel, J. L.Rossignol, Cel/86, 855-64 (1996) . 
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TRANSCRIPTIONAL CONTROL AND ACETYLATION 
Alan Wolffe, Ph.D., NIH, Laboratory of Molecular Embryology; EM: awlme@helix.nih.gov 

Transcriptional control relies on the recruitment of macromolecular machines that modify both 
the transcriptional maclúnery itself and the chromatin environmenl in which it functions (1). 
Diverse sequence specific transcription facoors such as steroid and nuclear hormone n-.ceptors, 
AP-1, E2F, c-Myb/v-Myb. MyoD. and CREB utilize a limitcd number of coactivator complexes 
to actívate transcription_ These include p300/CBP, PCAF and SRC-1, all of which are 
acetyltransfexases (2). Conversely diverse transcriptional repressors including steroi.d and 
nuclear receptors, YYl, Mad/Max, Rb and McCP2 utilize corepressor complexes containing 
deacetylases (3). Acelyltransferases and deacetylases represent novel drug targcts for 
pharmacological intervention with the transcription process_ A broad range of deacetylase 
inhibitors are currently available that are k:nown to influence differentiation and development. 

Acetylation ís íntimately connected to transcriptional regulation. Acecylation of the core histone 
amino (N-) terminal tails provides a means by which transcription factors can gain access to their 
recognition elements within nucleosomes and facilitate.~ transcription from nucleosomal arrays 
(4, 5). The histone acetyltransferase activity of coactivator complexes is requírcd for 
transcription aclivalion and hístone deacetylase activity is required for transcriptional rcpression 
(6, 7). Histone.c; are locally modified on target promoters and specific Iysines in particular 
histoncs are functional targets for acetyltransferases and deacecylases. Histone acetylation states 
are dynamic, with acetylated lysincs in hyperacetylated histones turníng over rapidly in 
transcriptionally active chmmatin, but much less rapidly in the hypoacetylated histones of 
transcriptionally silcnt rcgions; The dynamics of histone acetylation províde a mech<lnistic 
foundation for the reven.ible aclivation and repression of transcription (8. 9). 

The modification of histones in vitro and in vivo does not prove that these abundam structural 
proteins are the only targers for regulatory activily in vivo. Other components of the 
transcriptional machinery such _as p53, TFIIR and TFIIF can be acetylated in vitro (10, 11). 
Modification of these more limiting factors in thc cukaryotic nudeus might pot.entially have the 
dominant control function fot transcription. Likewise coactivators or coreprcssors can influence 
the recruitment or function of the basal transcriptional machinery by mechanisms independent 
of the acetylation status of either the histones or any othcr proteins. 

In order to understand the contribution that protein acetylation status makes to the transcription 
process it is impurtant 1) to defUle thc functional consequences of modifying particular proteins 
to known extents; 2) f.o identify the determinants of specificity in the modification process ami 
3) to understand the biological context in which particular acetyltransferases or deacetylases 
function_ 

1 discuss how chromatin strucrural transitions dependent on acetylation facilitate both access of 
the transcriptional machinery to DNA and thc processivity of DNA polymerase through a 
nucleosomal array. Although transcription factors can also be acetylated, the funcóonal 
consequences currently describcd are small compared to modification of the histones_ Histone 
deacetylases associate with a family of WD repeal proleins, RbAp48/p46 that have specificity 
for association with the histones. ln particular we can identify a segment of histone H4 that is 
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cxposed on the nucleosome surfacc as a target for Rbp48. RPD3, the catalytic subunit of histone 
deacctylase, associates with Rbp48 and we propose tltat RbAp48 targets the deacetylase activity 
to the histone tail domains. Overexpression of RPD3 can direct the dominant siiendng of 
transcription within a chromatin tcmplate. The deacetylase does not interfere with transcription 
when nucleosome assembly is incomplete (6). Taken together we condude that histone 
deacetylation mediated by the Rbp48/RPD3 compl~ can dominantly repress t.ranscription. We 
have characterizcd two novel deacetylase complcxcs from Xenopus oocytes and eggs. The 
methyl CpG-binding tr'.mscriptional repre..~c;or MeCP2 and the Mi-2 chromodomain are associated 
with distinct deacetylases. The presence of MeCP2 in a histone deacetylase complex link¡; DNA 
methylation to the directed modification of chromatin structure and function (12). The presence 
of the Mi-2 chromodQmain potentially links both long range chromosomal organization to histone 
modification (13). These biological connections should provide new insight into the molecular 
mechanisms by which histone acetylation contributcs to chromosomaJ function and into the 
compartmentalization of the genome into active and inactive domains that can be stably 
maintained throughout the development of an organism. 

l. Wolffe, A. (1998) Chromatin: structure and function . Academic Press, Loodon 
2. Wadc, P.A. and Wolffe, A.P. (1997) Curr. Biol. 7:82-84 
3. Taunton, J. ~-. (1996) Science 272:408-411 
4. Lee, D. Y. f'1 al., (1993) Cell 72:73-84 
5. Ura, K. ct al. , (1997) EMBO J. 16:2096-2107 
6. Wong, J. et al., (1998) EMBO J. 17:520-534 
7. Mizzen, C.A. and Allis, C.D. (1998) Cell Mol. Life Sci. 54:6-20 
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Characteristics of plant MARs that influence affinity for the nuclear matrix 
and enhancement of stable transgene expression. 

Steven Spiker, Susan Michalowski and Nandinj Mendu 
Department of Genetics 
North Carolina State University 
Raleigh, North Carolina 27695-7614 
USA 

Based on preliminary evidence, we have hypothesized that there is a direct 
correlation between the affinity of plant MARs for the nuclear matrix and the magnitude 
of their enhancement of stable transgene expression (Allen et al, 1996, PLANT CELL 
8, 899-913). In order to test this hypothesis, we have created a library of MARs from 
tobacco NT-1 cells. The library was created by cloning DNA fragments that are MARs 
by operational definition, that is, DNA fragments that remain bound to purified nuclear 
matricies. From this library we have selected MARs that bind strongly, moderately and 
weakly to the plant nuclear matrix. We have searched for sequence motifs in the various 
MARs that would allow us to predict if a DNA fragment will be a MAR and with what 
affinity it will bind to the nuclear matrix. Scatchard plots and cross competition 
experiments have allowed us to determine the approximate number of binding sites in 
the nuclear matrix for each of the categories of MARs and to determine if extent of 
binding is due to numbers of specific binding sites or to affinity for binding sites that 
are common to all MARs. We have further selected representative strong, medium and 
weak MARs to assess their ability to enhance expression of transgenes in plant cells in 
culture. We will present results of the gene expression studies, the biding studies and 
their possible correlations. 
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Thc organization of transcription and transcript proccssing 

Peter Shaw 

Jolm lnnes Centre, Colney, Norwich NR4 7UH, UK 

Transcription occurs ata discrete number of sites within the nucleus and nucleolus in eukaryotic 
cells. We ha ve u sed a combination of 3-D con focal microscopy following in situ hybridization, 
or incorporation of labelled precursors into nascent RNA, or both, to analyse the distribution of 
transcription sites within plant nuclei and nucleoli . 

The detailed location of RNA polymerase 1 transcription sites in the nucleolus has been 
examined by incorporation of BrUTP into nascent transcripts followed by fluorescent antibody 
detection, showing that the transcription sites are small foci distributed through the dense 
fibrillar componen! of the nucleoli . Direct comparison of the localization of the transcription 
sites with in situ probes to the coding regions and intergenic spacer regions respective! y of the 
rDNA suggests that most sites represen! a single gene copy. We have further mapped different 
stages of transcript processing, both by examining the location of different pre-rRNA spacer 
regions (ETS and ITS 1 ), and by the localization of severa( snoRNAs and proteins known to be 
involved in different stages of pre-rRNA processing (U3, UJ4, 7-V MRP, fibrillarin, SSB 1). 
This has led to a model with successive stages of processing occurring in a highly organized, 
vectorial way, the transcription sites being enveloped by severa( concentric layers representing 
subsequent processing steps. 

In order to examine nuclear (poi II and poi Ill) transcription sites m relation to 
chromosome domain structure, we made use of wheat addition and substitution lines. 
Chromosome domains were visualized by genomic in situ hybridization using total rye genomic 
probe in wheat Iines containing a translocation of a rye chromosome arm or the addition of a pair 
of rye chromosomes. The chromosomes appeared as elongated domains and showed a clear 
centromere-telomere polarization, with the two visualised chromosomes lying approximately 
parallel to one another across the nucleus. Labelling with probes to telomeres and centromeres 
confirmed a striking Rabi configuration in all cells, with a clear clustering of the centromeres, 
and cell files often maintained a common polarity through severa( division cycles. Transcription 
sites were detected by BrliTP incorporation in unfixed tissue sections and revealed a pattem of 
numerous foci uniformly distributed throughout the nucleoplasrn, as well as more intensely 
labelled foci in the nucleoli. The two techniques were combined to determine the relationship 
between the arrangement of chromosomes, centromeres and telomeres and the distribution of 
transcription sites. The gene rich regions in wheat chromosomes are clustered towards the 
telomeres. However, there was no indication of a difference in concentration of transcription 
sites between telomere and centromere potes of the nucleus. Neither could we detect any 
evidence that the transcription sites were preferentially localized with respect to the chromosome 
domain boundaries. 

lt has been suggested that transcriptionally active genes are located on loop domains 
which are anchored by specific nuclear matrix attachment regions (MARs). Thompson, Spiker 
and colleagues ha ve isolated a number of such sequences and used them to flank introduced 
transgenes. Flanking with MARs increased the leve( of transcription of the transgenes. We ha ve 
used fluorescence in situ hybridization to localize the transgenes in severa( of these transgenic 
tobacco lines, both in fixed nuclei and in nuclear haloes. We find significan! differences in the 
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location of MAR-flanked genes in nuclear halo preparations compared to lines containing the 
same transgenes unflanked by MARs. 

Processing of both pre-rRNA and pre-mRNA transcripts requires a number of small 
nuclear RNAs and small nucleolar RNAs (snRNAs and snoRNAs). Many of these small RNAs 
are concentrated in intranuclear structures called coiled bodies, along with various nuclear and 
nucleolar proteins. The function of coiled bodies is st ill poorly understood, but we ha ve recently 
shown that they are involved in processing or transport of snoRNA precursors in plants. We ha ve 
made stably transformed plant lines expressing a fusion of the spliceosomal protein U2B" with 
Green Fluorescent Protein (GFP). In these lines, prominent coiled bodies can be seen in living 
cells by fluorescence microscopy. Our initial analysis shows that the coiled bodies are dynamic, 
moving within the nucleoplasm, and sometimes moving from the nuclear periphery to the 
nucleolus, and even into the nucleolus. On occasions we ha ve observed the coiled bodies fusing 
together. These results again suggest a role for coiled bodies in nuclear transport. 

References : 
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ENGINEERING TRANSGENES TO MODIFY CHROJ\IATIN STRUCTURE 

William F. Thompson, Departments of Botany, Genetics, and Crop Science, North 
Carolina State University, Raleigh, NC 27695-7612, USA 

Recently we (AJlen et al. , Plant Cell 8, 899, 1996) and others (Miynárová et al., Plant 
Cell 8, 1589, 1996) have used DNA sequences containing matrix attachment regions 
(MARs; otherwise known as scaffold attachment regions, or SARs) to modify 
expression of transgenes in plants and plant cells. The theory behind both sets of 
experiments is that MARs should modify chromatin structure, for example by mediating 
attachment to the proteinaceous nuclear matrix or by facilitating 'chromatin opening' to 
increase access by polymerases and transcription factors . Mlynárová et al. report that 
their MAR constructs show only slightly elevated expression, but that variability among 
independent transformants is greatly reduced. In contrast, our experiments show greatly 
increased average expression with little or no effect on variability. These and other 
experiments will be discussed with reference toa model in which the primary effect of 
MARs is to reduce the probability oftransgene silencing. According to this model, the 
seemingly different MAR effects may reflect differences in the susceptibility to gene 
silencing of transgenes introduced by different transformation techniques as well as 
differences in the ability of MARs to cause chromatin opening in different types of 
ce lis. 

Work from my laboratory has been supported by research grants from USDA-CRGO as 
well as by training grants from the McKnight Foundation and from a NSF/USDNDOE 
consortium. 
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COMPACT INTERDIGITATED HELICAL MODEL FOR CHROMATIN 

Joan-Ramon Daban and Antonio Bennúdez 

Departament de Bioquímica i Biologia Molecular, Facultat de Ciemcies, 

Universitat Autónoma de Barcelona, 08193-Bellaterra, Barcelona, Spain 

Our previous electron microscopy and electrophoretic studies ( 1-3) of small chromatin 

fragments from chicken erythrocytes have shown that, in presence of 1. 7 mM Mg2
•, 

these fragments form helical fibers that are more compact than normal solenoids or 

other models proposed for chicken erythrocyte chromatin. These studies have also 

shown that fiber folding is initiated from a basic element with 5-7 nucleosomes. In this 

work, using computer-generated mo.dels, we have found that a structural solution that 

allows the formation of compact fibers consists in the interdigitation of the successive 

helical tums of simple helices with few nucleosomes per tum. With this folding pattern 

we have constructed a family of models containing 13-14 nucleosomes per 11 nm. We 

show that interdigitation of the primary helix or solenoid formed by consecutive 

nucleosomes gives rise to secondary helices, in which nucleosomes from successive 

turns of the primary helix interact through their faces. Stacking of nucleosomes in 

secondary helices is probably related with early findings of severallaboratories showing 

that the protein core of nuclebsoines has a high tendencyto associate forming helices. 

Tilt angles of nucleosomes with respect to the fiber axis of our family of models are 20, 

29, 40, and 52°, for structures with 2.8, 3.8, 4.7, and 5.8 nucleosomes per turn in the 

primary helix, and 3, 4, S, and 6 secondary helices, respectively; the diameter of all 

models is 36 nm. We have included linker DNA in the model containing 4.7 

nucleosomes per tum and we show that there is enough space in the central region for 

60 bp of linker DNA and a hole of 7 nm in diameter. The calculated cross-sectional 

radius of gyration of this model (12 nm) is in agreement with the values obtained for 

folded chicken erythrocyte chromatin in severallaboratories using neutron and X-ray 

scattering. Additional details of the model can be found in (4). 

(1) Bartolomé, S., Bermúdez, A. & Daban, J.-R. (1994). J Ce// Sci. 107, 2983-2992. 
(2) Bartolomé, S., Bermúdez, A & Daban, i-R. (1995). J Bio/. Chem. 270, 22514-22521. 
(3) Bermúdez, A., Bartolomé, S. & Daban, J.-R. (1998). J Ce// Sci. lll, 1707-1715. 
(4) Daban, J.-R. & Bermúdez, A (1998). Biochemistry 37,4299-4304. 
Supported in part by DGICYT grants PB92-0602 and PB95-0611 . 
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Remodeling chromatin architecture of the pitas promoter gives new room for expression. 
Timothy C. Hall, Guofu Li, Mahesh Chandrasekharan and Yanhong Zhang 
/nstitute of Developmental and Molecular Biology, Texas A&M University, College Station, 
TX 77843-3155, US.A. 

We have recently published collaborative in vivo and in vitro footprinting studies showing that a 
rotationally- and translationally-positioned nucleosome is present over the TATA region of the 
phaseolin (phas) promoter in vegetative tissues (Li et al., 1998). This, together with the presence 
of three phased TATA boxes, appears to participate in the very tight spatial regulation of this 
gene. Whereas very high Ievels of expression occur during embryogenesis, fusion constructs 
with diphtheria toxin A-chain have shown that the phas promoter is totally silent in vegetative 
tissues (van der Geest et al., 1995). Clearly, this provides a very discrete system for 
investigation oftranscriptional activation processes in plants. 

Although PvAlf, a VP1-like factor from bean (Phaseolus vulgaris) has been reported to 
participate in transient transcriptional activation from the phas promoter (Bobb et al., 1995), 
initial experiments in which 35S-PvAlf and phas-gus constructs were stably integrated into 
tobacco showed no expression qf the GUS reporter. However, treatment of young seedlings or 
mature Ieaves of plants transgenic for both constructs with ABA resulted in high leve1s of 
expression. This suggests that replication is not required for remodeling the phas promoter and 
that expression ofPvAlfmay initiate remodeling, permitting access by other transcription factors 
known from transient studies (Frisch et al., 1995) to be capable of supporting expression from 
the phas promoter in vegetative tissues. The possible involvement of histone acetylases in 
remodeling the phas promoter in association with activation in the presence of PvAlf is under 
investigation. 

Selected references 
Bobb, A. J., Eiben, H. G., and Bustos, M. M. (1995). PvAlf, an embryo-specific acidic 

transcriptional activator enhances gene expression from phaseolin and 
phytohernagglutinin promoters. The Plant Joumal8, 331-343. 

Frisch, D. A., van der Geest, A. H. M., Dias, K., and Hall, T. C. (1995). Chromosomal 
integration is required for spatial regulation of expression from the -ph a s eolin 
promoter. PlantJ. 7, 503-512. 

Li, G., Chandler, S. P., Wolffe, A. P., and Hall, T. C. (1998). Architectural specificity in 
chromatin structure at the TATA box in vivo: Nucleosome displacement upon -
phaseolin gene activation. Proc Natl Acad Sci U S A 95,4772-7. 

van der Geest, A. H. M., Frisch, D. A., Kemp, J. D., and Hall, T. C. (1995). Cell ablation reveals 
that expression from the phaseolin promoter is confined to embryogenesis and 
microsporogenesis. Plant J. 109, 1151-1158. 
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ROLE OF POSITIONED NUCLEOSOMES lN 

TRANSCRIPTIONAL CONTROL OF MMTV 

Miguel Beato, Luciano Di Croce, Ronald Koop and Felix Prado 
/.M. 1: E.-Mannkopjf-Str. 2, [)35037 Marbwg, Germa11y, 

Gene expression in eukaryotes is regulated by the combinatoria! interaction among 
sequence-specific and general transcription factors . The plan for these interactions is 
specified by the arra y of cis elements in the prometer and enhancer regions of genes, but 
its implementation involves the action of adaptors or co-activators and is modulated by 
the nucleosomal organiz.ation of O NA. We study these processes in the context of gene 
induction by steroid hormones . 

Steroid hormone receptors are ligand modulated transactivators which bind to 
their genomic recognition sites as homodimers and recruit co-activators, the general 
transcription machinery and, very likely, chromatin remodeling activities (Beato et al., 
1995) . To approach the molecular mechanisms involved we have studied the regulated 
transcription the Mouse Mammary Tumor Virus (MMTV), which is silent in the absence 
of hormones but highly active in response to glucocorticoids or progestins. Hormonal 
induction of the MMTV prometer is mediated by a complex honnone responsive unit 
(HR.U) composed of five hormone receptor binding si tes, upstream of a binding si te for 
the transcription factor NF 1, two octamer motifs, and the TATA box. Optimal induction 
requires the integrity of al! these cis-acting elements, but the corresponding factors 
cannot bind to free DNA s_imultaneously. NFI competes for binding of hormone 
receptors and OTFI to their respective sites on the naked prometer DNA. In cells 
carrying chromosomal MMTV sequences, the HR.U is located on a phased nucleosome 
in a way which allows binding of the horrnone receptors to two of their five cognate 
sites, while precluding access to the NFI site and to the octamer motifs (Truss et al., 
1995) . In reconstituted nucleosomes, receptor binding is determined by the rotati?l"l·al ,, 
orientation of the relevant major grooves, but the NFI site is unaccessible no matt~r : jts . 1 
helical orientation, as long as it is included within a positioned nucleosome (Eisfelp ~t ~I .J ,I ; 

1997) . '·~ . • .. '! 

Hormone treatment leads to a rapid alteration in chromatin structure and tq::> a, '! 
simultaneous occupancy of all five receptors binding si tes, the NF 1, and the. octa¡p<fL 
motifs, while a nucleosome-like particle remains in place, suggesting that it ma~ fa s ili S~\ ~ , 1 
fullloading ofthe prometer with transcription factors (Truss et al., 1995) . This no ~iRr .. is .n 
supported by studies on the influence of nucleosome depletion on basal amt , in~IJ ~~ , . 
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expression of MMTV promoter in yeast. The MMTV promoter exhibits a preferentially 

positioned nucleosome in S. cerevisiae, with similar location as in metazoan cells 

(Chávez et al., 1995) . Hormonal induction ofMMTV transcription in yeast depends on 

a functional synergism between HR and NFI. Following depletion of nucleosomes, 

independent transactivation by NF1 or by GR, as well as binding of the individual 

proteins to the promoter, are enhanced, whereas the NF 1-dependent hormone induction 

of the promoter and simultaneous binding of receptor and NF 1 are compromised 

(Chávez and Beato, 1997) . Thus, positioned nucleosomes do · not only account for 

constitutive repression but participate in induction by mediating cooperative binding and 

functional synergism between GR and NF l. 

How the nucleosomal organization is remodelled following hormone induction 

remains an open question. Experiments with the MMTV promoter in reconstituted 

nucleosomes containing either an octamer of all four core histones or a tetramer of 

histones H3 and H4, show that NF1 and OTF1 can gain access to their respective sites 

on the tetramer but not on the octamer (Spangenberg et al., 1998) . Therefore 

remodelling may involve a removal of histone H2NH2B dimers, which could be 

catalyzed by one of the recently discovered ATP-dependent chromatin remodeling 

activities, such as the SWUSNF complex. Incubation of octamer particles with partially 

purified SWUSNF complex induces ATP-dependent changes in their DNase 1 cleavage 

pattem, which becomes similar to that found with the tetramer particles (Spangenberg et 

al., 1997) . Su eh changes could be facilitated by posttranslational modifications of the N­

terminal histone tails, since moderate hyperacetylation enhances MMTV promoter 

activity, even in the absence of hormone (Bartsch et al., 1996) . Several steroid 

hormones co-activators, in~luding SRC-IffiF-2 and p300/CBP, exhibit histone 

acetyltransferase (HAT) activity, and/or interact with other HATs/GCNS. Collectively 

these findings suggest an importan! role of chromatin in transcriptional control by steroid 

hormones. 

We are approaching these issues genetically and biochemically. The possibility of 

reproducing sorne of the crucial events in yeast allows a genetic dissection of the factors 

inVblved in hormone induced nucleosome remodelling. The phenotype of mutations in 

the¡Wrehistones as well as in HATS, histone deacetylases, and the components of the 

remodeling machinery may provide mechanistic hints. Biochemically, we study this 

pr6cdsLusing Drosophila embryo extracts able to assemble minichromosomes. In this 

syste\W · á nucleosome is preferentially positioned over the MMTV promoter and 

pretlu : ~es · binding of NFI even in the presence of ATP (Venditti et al., 1998). These 

mirtiéfa>rómosomes can be transcriptionally activated by recombinant progesterone 

recéjltot' ~dded to the ccll-free system prio~ or after chromatin assembly. Moreover, on 
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thcsc minichromosomcs tcmplatcs wc can rcproduced in vitro thc functional syncrgism 

bctwccn hormonc rcccptors and NFI which is not observcd on nakcd DNA tcmplates 

(Di Croce et al, 1998). Surprisingly in thesc MMTV minichromoso mes the NFI DNA 

binding domain is sufficient to synergize with the hormone receptor and to facilitate 

binding of the receptor to the HREs, likely by stabil izing an "open" conformation of the 

nucleosome. The combination of this assay with genetically manipulated chromatin 

components is a powerful tool for defining the und erlying molecular mechanisms. 
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REGULATION OF TRANSCRIPTION BY CBROMATIN REMODELING 
MACBINES 
Craia L Pcrerson. Colín Logie, Jocdyn Krebs, Igor Gavin. and Kerri J. Pollarcl Program in 
Molecular Medicine and Departmrot of Biochemisn-y and Molecular Biology, UnivetSity of 
Massachusetts Medical Ca11er, Worresrer, MA 01605. 

We have recelltly de.scribed a novel nucleosome array assay that couples the activicy of 
a nudeosome remodeling activity to restridion endonuclcase activity (Logie and Pererson, 
1997). In our iniñal srudia this assay was used 10 detamine the kinetic parameleiS of ATP­
dependent nucleosome disrupúon by tbe yeast SWJ/SNF complex. In this assay SWJ/SNF 
and ATP leads to a 100-fold increase in nucloosomal DNA aa:essibilicy, and initial rate 
meas~ments indicare that tbe complex can remodel one nucleosome every 4.5 minutes on an 
11-mer nucleosome array. We bave now exrended these SOJ.dies to encompass a quantitative 
analysis of a 1ar:ge number of ATP-depc:ndent chromatin remodeling complexes, including the 
yeast RSC, Drosophila brm. CHRAC and ~RF. and human SWJISNF complexes. In tbe 
case of SWI/SNF and RSC. we bave quantitatcd thc:ir activities using nucleosomal arrays 
reconstilllted with bypoacetylated, hyperacetylated. or partially ttypsinized histones (Logie e1 
aL, submitted). We fmd that rares of ATP--dependent nucleosome remodeling are not affected 
by the absence or hypaacetylation of the core histone N-termini. However, SWJ/SNF and 
RSC are tmable to catalytically remodel multiple nuclcosomal arrays in the absenoe of the 
histone tennini, and this catalytic activity of SWJISNF was decreasod by hyperacetylation. 
Furthennore, GST-histone lllil fusions di.fferentially affoct tbe nucleosome remodeling and 
ATPase ac:tivities of SWI/SNF and RSC. 1bese results suggest that the histone t.ennini. 
influence a lliif: step of the remodeling reactioo, subsc:quent to remodeling, but prior to 
intermolecular transfec of tbe remodelers to nc:w arrays. 

In vivo the SWIISNF complex appears to function together with the GCN5 histone 
acetyltransfaase (Pollard and Peterson. 1997; Pollard and Peu:rson, 1998). To determine tbe 
functional relationship between ATP-depc:ndent nuclcosome remodeling and histone 
acecylation. we have investigated the targeting of SWIISNF and GCN5 to the yeast HO gene, 
using a cbromatin immunoprecipitation assay. HO is a cdl cycle regulated gene that is only 
expressed in haploid mother c:eU.s in a small window in laie G1. The regulation of HO requires 
about 1800 bp of cis--=ting upstream regul.at.ory sequenc:es, two diffen:ot sequence-specific 
DNA binding transaiptiooal activatoi'S (SWI5. SWI4/SWI6), the SWIISNF complex, and 
ADAIGCNS histone acetyl.transferase complexes. We have syncbrotmed cells with 
nocodazole and then used a cbromatin immun<>precipitation assay 10 monitor the targeting of 
GCN5 aoecyltransferase acti.vity 10 the HO promotec in early G L We fmd that GCN5 
aoecylatransferase activity is targdl=.d to tbe HO locus in mid-G1 prior to the onset of HO 
uanscriptiori, and that the d.omain of GCN5-dependeot histone H3 acetylation is restrictcd to 1 
kb of upstream regu)atory sequences. ldrotical oell cycle studies have been performed in a 
banery of swi strains to determine rhe trans-acting requirements for GCNS targeting. We fmd 
tbat GCNS-«pendent acetylalion of HO nuclcosomes requires lhe SWI5 activator and the 
SWI/SNF complex. In contras!:, the SWI4/SWI6 activator is not required to recruit GCN5 
activicy. 1ñese data suggest a model wbereby the SWUSNF complex fundions at an early step 
to facilitate the subsc:quent targeting of GCN5-containing lústone acecyltransferase complexes 
to the HO promoter. 
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CHANGES IN PEA CI-!ROMA TIN DURlNG TI-lE EMBR YOGENES!S-CERMINA TI ON 
EVENTS. 

J. Castillo, J.A. Márqucz, A. Zúñiga, M.!. Rodrigo and Luis Franco 

Chromatin is a highly dynamic enlity ancl. apart from thc rcmndelling requircd for the 
acccss ofthe traoscriptional machioery to seleeted genes and f<ir DNA replication, severa! 
physiological situ.ations probably in vol ve majar structurnl cbangcs. Among thcse situations 
the cycle embryogenesis-gcrmination presents characteristics that ar~ entircly its own, thus 
deserving a detailed anaJysis . We ha ve studied sc:vcral properties of the chromatin and of 
their associated enzymes in cither ungerminated seeds or seedliilgs from pea (Pisum 
salivum). Cbanges in the nucleosomal repeat length (Ull aod Franco, 1986), in thc histone 
deacetylase isozymcs (Sendra et al. 1988) and in the protein complement (Rodrigo and 
Franco, 1990; Ull et al. 1991) were found. To concentrate in the latter changes, a polypeptide 
of M, = 16000, furthcr referred to as P 16, is present in t.he chromatin of embryonic axes from 
ungenuinated pea seeds, but it mpidly disappears after t.he onset of gcrrnination to be not 
f urther found in adult plants. 

Pl6 was purified to homogcoeity, antibodies were raised and the latter were used for 
the screening of a A-ZAP cONA library representativc ofthc mRNA of embryonic axcs of 
pea sccds reared 30 days after flowering. Severa! positive clone$ were found, which 
contained an ORF coding for a polypeptide of 483 amino BCids and M,= 54500, designated 
as P54 . Genomic Southem analysis showed that P54 gene is prcsent as a single copy gene in 
pea genome. 

The analy.is of the P54 sequence revealed a 60% identity with the pr=ursor of a 524 
amino acids sucrose-binding soybean protein (SBP) (Grimes et al., 1992) and. toa Jesser 
-'Xtent (31-34%), with sorne vicilins from cotton, pea and bean. :The catire sequence ofP16 is 
contained in the C~terrninal third ofP54. The lattu mus! be, therefore, processed in a still 
unknown manner to yield Pl6. 

As Pl6 is found in dry pea seeds but not in adult plants, thc 1.4 kb P54 mRNA ought 
to be transcribed somet~e during seed formation. We next analysed, by Northem blotring, 
the appcarance ofP54 mRNA duringembryogenesis to find that 15 days afler flowering it is 
stiU absent, but its level is very high only 5 days later. Accumulation ofP54 mRNA and also 
of mature P 16 takes place during the seed desiccation. A similar analysis w¿s carried out 
along germination. Six hours aftcr seed imbibition, P54 mRNA is no longer detectable in 
embryonic axes. The level of mature Pl6 is maintained in embryooic axes sorne more time, 
but it sharply decreases between 12 and 24 11 after imbibition. The temporal correlation 
bctween the transcription of P54 gene and the desiocation/rehydration processes during 
embryogenesis and germ..ination suggests that P54 gene is ioduced undcr hydric stress and we 
cbecked that this actually occurs even in adult plant tissucs. 

Sc:vcral lines of evidencc suggest that P54 is nota storage protein nora LEA (late 
cmbryogenesis abundant) protein, although it shares sorne prop<!rties with thcm.. On the ot.her 
hancl rnature P 16 was first isolated from chromatin and t.he nex't expcri ments show that it 
actually is a chromatin componen! in dry seeds. Fi.rst, immunolocalization cxpcriments 
showed that, alt.hough P16 is also presea! in protein bodies, it definitcly is a nucles.r 
component Biocbcmical data indicate that DNase 1 treatment causes thc releasing of P 16 
from nuclei on!y aftcr an extensive digestion, suggesting that P 16, either directly or 
indir<!ctly, interacts with DNA. Gel shift assays have demonstrated the cxisk'"IICC of a non­
speeific interaction between DNA and PI6 in vilro. Moreover. P 16 co-migrates wit.h 
nucleosomes in a nativc gel assay, and thc possibility of an interaction between the protein 
and purified nuclcosomcs in vílro has also bccn a.sccrtaincd. On the other hand. 
nucleosomcs from pea cmbryonic axes wcre treatcd with formaldcbyde under conditions in 
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which only histoncs aad not wcakly bound protcins bccome cross-linked (Louters and 
ChaUcley, 1984). In thcse experimcnts Pl6 w:1s rccovcrcd cross-linked to hi stoncs, indicating 
that Pl6 may be in clase viciniry lo Ú>cm. 

To further examine thc in vivo relcvancc ofthis intcraction_ wc isolatcd total acid­
snluble proteins from puri.úed nuclci under a sct of conditions in which any in vivo-existing 
inter-protein disulphid~ bridge would be prcserved. In this manncr wc detectcd the prcscncc 
of H3 homodimcrs, bu! P16-H3 hetcrodimcrs were also clearly prescnt. Thcrcfore, Pl6 
actually is a chromatin componen(, which interacts in vivo with nuclcosomcs. 

Takiog into account the abovc mcntioncd properties ofPI6, it is tempting to 
speculatc that it may play a role in stabilizing chromatin strucrurc during the desiccation of 
seeds. 
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"In Vivo" Mapping of Replicating Chromatin Reveals Positioned 
Nucleosomes at the Replication Fork 

R.E. Wellinger, R. Lucchini and J.M. Sogo 
Institute of Cell Biology, ETH-Honggerberg, CH-8093 Zürich 
(Switzerland) 

By the use of psoralen-crosslinking and primer extension, a method has 
been developed which allows the analysis of chromatin structure "in vivo". The 
fidelity of the technique was initially tested by mapping nucleosome positions in 
the well known yeast minichromosome TRURAP and in the intergenic spacers of 
yeast rRNA genes. 

Previous work showed that the advance of the replication machinery 
transiently destabilises the nucleosomal organisation of the chromatin fiber. The 
first nucleosome on daughter strands is detected at a distance of about 3 00 
nucleotides from the elongation point. We now questioned how fast newly formed 
nucleosomes are positioned. Analysis of sites of psoralen intercalation (which 
coincide with linkers and non-nucleosomal DNA) in the "in vivo" crosslinked 
rRNA intergenic spacers excised from the replicated branches of replication 
intermediates purified from preparative two-dimensional gels, reveals that : 
nucleosomes between the 5S gene and the 5' end of the rDNA transcription unit 
are positioned immediately after passage of the replication machinery. Possible 
mechanisms that may effect the immediate positioning of nucleosomes in this 
regulatory region include the action of specific factors, the DNA sequence, 
boundary effects, chromatin folding and histone modifications. 

Our finding implicates a putative interaction between replication and gene 
expression. We speculate that in regulatory regions such as promoters fast 
repositioning of nucleosomes may transiently exclude the binding of factors 
involved in gene expression. 
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Telomeric silencing and heterochromatin structure in 
Saccltaromyces cerevisiae. 
Miguel A Vega-Palasl, Sabrina Venditti2, F. Javier Florenciol y Ernesto Di Mauro2 
(1) Instituto de Bioquímica Vegetal y Fotosíntesis (Universidad de Sevilla-CSIC), Centro de 
Investigaciones Isla de la Cartuja, el Américo Vespucio s/n, 41092 Sevilla. Espalia. (2) Dipartimento di 
Genetica e Biologia Molecolare, Universidad de Roma "La Sapienz.a", Roma, Italia . 

T el o meres play an essential role in cell biology stabilizing chromosomes and facilitating 

complete replication of chromosomal termini. In addition. telomeres are known to si lence the 
expression of subtelomeric reporter genes. Telomeric DNA usually contains tandem repetitions of 
a short motif flanked by subtelomeric, middle repetitive sequences (1) . In yeast, telorneric 
sequences are composed ofabout 350 bp containing the (CI-3A)11 repeats and are followed by 

two main subtelomeric sequences: the Y' and X elements (2) . Y's are highly conse~ed and are 
found in about 70% of the telomeres (2-5). X elements are present in all telomeres and can exist 
in two main forms : a complete form containing the X core and the STR-A.,B,C.D elements. or a 
short form containing essentially the X core or part of it (2. 4-6) . The complete X is found in 
about 80% of the telomeres while uncornplete forrns are found in the rernaining 20%. Previous 
reports have referred to the chrornatin structure of yeast telorneres as heterochrornatin . This 
denornination is based on stnictural and functional sirnilarities that yeast telorneres share v.~th 
Drosophila heterochrornatin (7-9) . 

We have recently shown that telorneric silencing occurs in a natural telorneric region of 
Saccharomyces cerevisiae (10). More specifically, we have obse~ed silencing of a 
retrotransposon (Ty5-I) that is localized in the left telorneric region of chrornosorne III (LIII) 
The chrornatin structure of LIII ha ve been analyzed in detail ( 1 1 ). In addition, rnutations in 
telorneric structural cornponents. that release the repressive heterochromatin structures at Llll and 
affect its prirnary sequence ha ve been identified . 
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Gene silencing mutants in Arabidopsis thaliana 

Ortrun Mittelsten Scheid, Karin Afsar, Paolo Amedeo, Yoshiki Habu, Andrea 

Steimer and Jerzy Paszkowski 

Friedrich Miescher lnstitute, P.O.Box 2543, CH 4002 Basel, Switzerland 

phone 41-61-697 5583, fax 41-61-697 3976, e-mail ortrun@fmi.ch 

Gene silencing in plants refers to the complete or partial inactivation of 

transgenes and homologous endogenous genes and is a frequently reported 

phenomenon in transgenic plants. Beside of the importance to gain control over 

this process during foreign gene transfer for agriculture, gene silencing appears 

to be essential for changes of gene expression patterns in the course of 

differentiation and evolution. This is especially relevan! in the case of 

transcriptional gene si lencing which is usually transmitted meiotically to 

subsequent generations. The stability of these epigenetic changes suggests the 

involvement of controlling trans-acting factors. In order to identify genetic 

components regulating transcriptional gene silencing in plants, we screened for 

mutants in the model plant Arabidopsis thaliana that are affected in the 

maintenance of gene silencing. A strain transgenic for a transcriptionally 

silenced hygromycin resistance marker gene was mutagenized by EMS or fast 

neutron radiation treatment. Putative mutants were screened for hygromycin 

resistance due to reactivation of the transgene and for transmission of the 

expressed state to their progeny. Eight mutants (som1-3 generated by EMS 

and som 4-8 obtained after irradiation) were shown to reactivate the silent hpt 

test locus in trans. The level of DNA methylation at the hpt locus and at 

centromeric repeats was found to be reduced in the som mutants. 

Complementation crosses indicated complex epigenetic interactions among the 

som mutan! alleles and with the previously described ddm1 allele which al so 

elicits DNA hypomethylation. Som mutants can be dassified into three groups: 

A) allelic or interacting with ddm1 and with each other (som 1, 4, 5 and 8), 8) 

non-allelic with ddm1 and som mutants of group A (som2), and C) mutants with 

slow re-silencing after outcrosses which hinders their dassification (som 3, 6 

and 7). To characterize the mutants further, we addressed the question, 

whether their action is limited to transgenes of specific sequences, structures or 

at specific genomic positions. We performed crosses between the soms and a 

Instituto Juan March (Madrid)



43 

transcriptionally silenced gus gene (provided by Hervé Vaucheret). All som 

alleles were able to reactivate this reporter gene, indicating that the release of 

silencing by the som mutations is not restricted to the hpt gene used for the 

screen. The latest progress in the mutant screen and in the analysis of the 

mutants will be discussed. 
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Homology-dependcnt tralls-silencing and methylation of unlinked transgenes 

M.A. Matzke, M.F. Mettc, J. Jakowitsch andA.J.M. Matz.ke 
Institut.e ofMolecular Biology, Austrian Acadcmy ofSciences, Billrothstrasse 11, 
A-5020 Salzburg, Austria 

Homology-dependent gene silencing in transgenic plants can occur when two 
homologous transgene loci, ora 1ransgene with homology to an endogenous gene, are 
present in the same genome (Matzke and Matzke, 1998). Homology-dependent gene 
silencing is thought to involve two distinct mechanisrns that operate at either the 
transcriptíonal or post-transcriptionallevel, respectively. Transcriptíonal gene 
silencing occurs when interacting genes share homology in promoter regions, whercas 
post-transcriptional gene silencing requires sequcnce homology in protein coding 
regions. Both types ofhomology-dependent gene silcncing have been assocíated with 
changcs in DNA methylation, which is generally concentrated in promoters in the case 
of transcriptional silencing and the 3' ends of genes in post-transcriptional gene 
silcncing. One variant oftránscriptional gene silencing is trans-silencing involves a 
silencing locus that is able to induce methylation and transcriptional inactivation of a 
target Iocus with which it shares DNA sequence identity in promoter regions. 
Silencing loci autonomously acquire stable methylation in prometer regions, which is 
somehow imposed on a sensitive target locus. Trans-silencing and methylation of a 
target locus in the presence .of a stably methylated silencing locus presumably rely on 
a prometer sequence-specific signal that originates at the silencing locus and directs 
do novo methylation ofhomologous promoters at the target locus. A sequence­
speciñc trans-act:ing mcthylation signa! could act tbrough DNA-DNA pairing oran 
RNA-DNA in.teraction. Current information suggests that different trans-silencing 
loci can oper:ate tbrough both types of mechanism. 

Matzke, M.A. and Matzke, A.J.M. (1998) Cell Mol. Life Sci. 54:94-103. 
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CHROMATIN MODIFICA TION AND GENE SILENCING IN PLANTS 

P Mcycr, A. Müllcr, B. Charricr, R. lngram· and Simon Ross 
Univcrsily of Lccds, School of Biology, Lccds LS2 9JT, UK 

Studying transgene silencing in petunia, we had obtained severa! indications for a role of 
chromatin modification in transcriptional silencing. Silenced states of a transgene were 
less accessible to endonucleases that active states (1), silenced alleles showed 
hypennethylation of cytosine residues at non-symmetrical positions (2), and a silenced 
allele could trans-inactivate an allelic homologue (3). Based on these observations we 
assumed that transcriptional silencing was based on local chromatin condensation and 
that trans-silencing was mediated by an exchange of repressive chromatin complexes 
among homologous copies. This assumption implies that plants have chromatin 
modifications systems that can affect the expression oftransgenes but that are most likely 
primarily in volved in the regulation of endogenous genes. 

To examine the role of chromatin complexes in plant gene silencing, we characterised a 
genomic de novo methylation sequence that causes PEV like destabilisation of adjacent 
marker genes (4). In a South-Westem ~reen, we identified and cloned a plant protein 
(RPS-BPI) that binds to the de novo methylation sequence. RPS-BPl shows 
characteristic features that are found in proteins that form multiple-protein aggregates, 
and might actas an inducer of repressive chromatin complexes. 

To address the potential role of chromatin remodelling in regulating the expression of 
endogenous genes, we tested whether proteins that were involved in chromatin 
remodelling in other systerns, ·had a similar function in plants. We expressed the 
chromodomains of Drosophlla Polycomb (Pe) and Heterochromatin Protein 1 (HPl) in 
tobacco. The two domains localise to multip1e, but at least partly different regions in 
interphase nuclei . While expression of the HP1 chromodomain does not affect plant 
development, p1ants expressing the Pe chromodomain show pleiotropic mutant 
phenotypes and altered expression of at least one homeodomain gene. Our result support 
the assumption that the heterologous chromodomains exert related functions in 
Drosophila and in plants, and that chromatin modification mechanisms are invo1ved in 
the regulation of certain plant genes, similar to chromatin-mediated gene regu1ation in 
Drosophila. 

(1) Van Blokland, R., Ten Lohuis, M. and Meyer P. (1997) Condensation of chromatin in 
transcriptional regions of an inactivated plant transgene: an indication for an active role 
oftranscription in gene silencing. Mol. Gen. Genet., 257: 1-13 

(2) Meyer, P., Niedenhof, l. and ten Lohuis, M. (1994). Evidence for cytosine 
methylation of non symmetrical sequences in plants. The EMBO Jouroal 13: 2084-
2088 

(3) Meyer, P., Heidmann, l. and Niedenhof, l. (1993) Difference in DNA-methylation are 
associated with a paramutation phenomenon in transgenic petunia. Thc Plaot Journal 4: 
89-100 . 

(4) Ten Lohuis, M., Mueller, A., Heidmann, 1., Niedenhof, l. And Meyer, P. (1995) A 
repetitive DNA-fragment carrying a hot spot for de novo DNA methylation enhances 
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S1 SINE retroposons are methylated by a sequence specific 
process in Brassica napus: 

Philippe Arnaud, Christophe Tatout, Chantar Goubely and Jean-Marc 
Deragon UMR 6547 CNRS Biomove, Université Blaise Pascal Clermont-Ferrand 11, 63177 

Aubiére, Cedex. 

DNA methylation has been often proposed to operate as a genome defence 

system against parasitic mobile efements. To test this possibility, the 

methylation status of a class of plant mobile elements, the S1 SINEs, was 

analyzed in detail using the bisulfite modification method. We observed that S1 

· SINE retroposons are methylated at symmetrical and non-symmetrical 

positions . Methylated cytosines are not limited to transcriptionally importan! 

regions but are well distributed along the sequence. S1 SINE retroposons are 

two times more methylated then the average methylation leve! of the Brassica 

napus nuclear DNA. By in situ hybridization , we showed that this high leve! of 

methylation does not result from the association of S 1 elements to genomic 

regions known to be highly methylated. We also show by sequence anafysis 

that genomic region flanking S1 elements are not methyfated. These results 

suggest that S1 Bn elements were methylated by a sequence-specific process. A 

detailed analysis of the methylation context showed that S 1 cytosines in 

symmetrical CpG and CpNpG sites are methylated ata level of 87% and 44% 

respectively. We observed that 5.3% of S1 cytosines in non-symmetrical 

positions were also methylated. 57% of this non-symmetricaf methyfation 

occurred at a precise motif (Cp(A!T)pA) that only represented 12% of the non­

symmetrical sites in S1 sequences suggesting that it represents a preferred 

non-symmetrical methylation site. This motif is methylated in S 1 elements at 

only half the leve! observed for the Cp(Aff)pG sites. We show that non-S 1 

CpTpA sites can also be methylated in DNA from B. napus and from other plant 

species. Finally severa! evidence linking methylation to transcriptional inhibition 

will be presented . 
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CHROMATIN STRUCTURE ANO TRANSCRJPTION FACTOR VERACITY IN THE REGULATION 
AOH GENES IN ARABIDOPSIS ANO MAIZE 

Robert J. Ferl, Carla R. Lyerly, Maurccn Oolan-0-Kccfe, Arma-Lisa Paul, Oepartmcnt of Horticultura! 
Scienccs, University of Florida, Gainesville Florida, 32611 

TI1e overall goal of our rescarch with the Adh genes from maizc and arabidopsis is to gain furthcr 
insight into the relationships betwccn the regulation of gene transcription and chromatin structure in plants . 
We work on the premise that many of d1e neccssary components that characterize regulatcd gene activity 
are containcd in structural fcatures that may not be revcaled by siinple sequencc inspection and in vitro 
binding assays. TI!Us, we endcavor to include experiments d1at characterize gene structures in as close to 
the native, in vivo, state as possible in our investigations, and we scck to integrate data derived from severa! 
levels of chromatin structure into comprehensive models of regulated gene expression. 

Multiple approaches ha ve bccn applied our study of d1e Adh genes. In vivo OMS footprinting of 
d1e gene promoters as d1ey enter and maintain active transcription provided an initial window into living 
cclls, and indicate the binding sites of transcription related proteins (Ferl and Laughner, 1989: Ferl and 
Nick. 1987: Paul and Ferl , 1991) . These experiments, combined with studies on chromatin structurc 
(Ashraf et al.. 1987: Paul et al. , 1987: Vega-Palas and Ferl, 1995), and the molecular dissection of 
promoters (McKendrcc and Ferl, 1992: McKendrcc et al. , 1990) ha ve lead to a detailed description of the 
molecular state of Adh genes in a transcriptionally active mode. Sorne of the protein factors involved in 
regulating the expression of Adh genes ha ve bccn cloned, and an understanding of d1e possible associations 
d1at exist a.mong gene regulatory proteins and diverse cell signaling pathways is emerging (de Venen and 
Ferl. 1995: de Venen and Ferl, 1994: Lu et al., 1994: Lu et al., 1992; Lu et al., 1996). Reccntly. some of 
the in vitro data gathered from assays with cloned arabidopsis transcription factor has been integrated with 
data from an in an in vivo context developed wid1 chromatin experiments in permeabilized protoplasts . 
Experimcnts using arabidopsis nuclei showed that d1e 5 ' region of d1e Adh gene contains a region of in tense 
ONase 1 sensitivity from d1e TATA box out to approximately -450 (Vega-Palas and Ferl, 1995). New data 
from pem1eabilized arabidopsis protoplasts has expanded düs view to show d1at there are four distinct si tes 
ofhypersensitivity ccntered around positions -425, -325, -200 and -60 in the Adh prometer (Paul and Ferl. 
1998). TI1e hypersensitive site at -200 coincides with d1e in vitro hypersensitive site created by purified 
transcription factors bound to the G-box element. TI1e G-box is a functional cis elemcnt that plays a role in 
d1e signa! transduction ofhypoxia a~d od1er stresses in Adh (Lu et al., 1996), and the element is also found 
in a number of other inducible plant genes (e.g . Ni u et al., 1996). lt now secn1s possible d~at G-box related 
elements may also play a role in defining chromatin structure, and it is imperative d1at a clear 
understanding of in vivo G-box occupancy be developed by critica! evaluation of in vivo and in vitro 
footprinting signatures. 

Finally, a comprehensive understanding of the chromatin context of Adh expression is emerging 
from studies at severa! levels of chromatin organization. The distribution and position of nucleosomes and 
their relationship to ONase 1 hypersensitivity suggests a highly ordered chromatin context for Adh genes 
(Vega-Palas and Ferl, 1995, Torres et al., 1997). Nearby Matrix Attachn1ent Regions in d1ese genes may 
influencc d1e localized chromatin structures (Paul and Ferl, 1993). However, d1e MAR-Iike structures that 
serve to organizc d1e genomes of (at least) maize and arabidopsis into large structural loops do not sccm to 
play a role in gene regulation. Rad1er, these Loop-Basement Attaclunent Regions (LBARs) serve to 
package d1e genome into large loops of discrete and defined length, creating a non-random organization of 
the genome, even at the leve! of bulk packaging (Paul and Ferl , 1998). 
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Mark J. Guiltinan, Xiping Niu, Christopher C. Adams, and Jeny L. Workman, 
The Pennsylvania State University, University Park, Pennsylvania 16802 

Binding of the wheat G-box binding protein EmBP-1 to 
plant nuclosomes. 

The bZIP proteins are a majar group of eukaryotic transcription factors , 
many of which ha ve been isolated from plant species [2] . The majority of plant 
bZIP proteins have been shown to bind the sequence containing CACGTG (G­
box core) with high affmity (6]. Sequences with a G-box core have been shown 
to be fimctionally important in numerous promoters of plant genes including 
those regulated by light (the ribulose bisphosphate carboxylase small subunit 
gene rbcS-JA gene), abscisic acid (ABA ~ Em), UV light (the chalcone synthase 
gene), and an anaerobically regulated gene (alcohol dehydrogenase [ Adh]) 
(reviewed by (8), [l ]). The conunonalty of the G-box in promoters of su eh 
diverse regulatory properties has led to the hypothesis that multiple protein 
interactions lead to response specificity. lnteractions with nucleosomes must 
be taken into account in such a model to address the in vivo DNA-protein 
configuration. To understand how bZIP proteins function on nucleosome 
templates, we have examined nucleosome binding by the bZIP transcription 
factor EmBP-1 . 

EmBP-1 is a plant transcription factor implicated in ABA-induced gene 
expression in wheat (3 , ll , 12] . Its DNA binding specificity and DNA binding 
and dimerization domains have been characterized, indicating that EmBP-1 is a 
typical bZIP transcription factor that shares many conunon properties with the 

J.Well characterized yeast transcription factor GCN4 [4, 9) . EmBP-1 binds to the 
G-box with the lúghest known specificity of any plant bZIP protein (6) . EmBP­

"'l;·may also interact with VIVIP ARO US 1, a maize regulatory protein which is 
involved in the response toABA during maize embryo development (7, 13] . 

1 Yl"ll{P ARO US 1 interaction enhances EmBP-1 s ability to bind an ABA 
respohse element (ABRE), supporting a multiple protein interaction model [5]. 

¡;·, 5 :1 ,.r ' J ·-T<;> investigate interactions ofthe basic leucine zipper transcription factor 
EmBP-1 with its recognition sites in nucleosomal DNA, an abscisic acid-

' : ft~S.P,~ 1 !1~ Y: element and a high-affínity binding si te for EmBP- 1 were 
reconstituted into human and wheat micleosome cores in vitro [10] . DNA 
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binding studies demonstrated that nucleosomal elements can be bound by 
EmBP-1 at reduced affinities relative to naked DNA. EmBP-1 affinity was 
lowest when the recognition si tes were positioned near the center of the 
nucleosome. Binding was achieved with a truncated DNA binding domain~ 
however, binding of full-length EmBP-1 caused additional strong DNase I 
hypersensitivity flanking the binding sites. Similar results were observed with 
nucleosomes reconstituted with either human or wheat histones, demonstrating 
a conserved mechanism of transcription factor-nucleosome interactions. We 
conclude that nucleosome positioning may play an important role in regulating 
interactions of EmBP-1 with its target si tes in plant ce lis . 

l . de Vetten N, Ferl RJ : Transcriptional regulation of environmentally inducible genes 
in plants by an evolutionary conserved family ofG-box binding factors. Int. J. Biochem 26: 
1055-1068 (1994) . 
2. Foster R, lzawa T, Chua NH: Plant bZIP proteins gather at ACGT elements. F ASEB 
J. 8: 192-200 (1994) . 
3. Guiltinan MJ, Marcotte WRJ, Quatrano RS : A plant leucine zipper protein that 
recognizes an abscisic acid response element. Science 250: 267-271 ( 1990). 
4. Guiltinan MJ, Miller L: Molecular characterization ofthe DNA binding and 
dimerization domains ofthe bZIP transcription factor, EmBP-1 . Plant Mol. Biol. 26: 1041-
1053 (1994). 
5. Hill A, Nantel A, Rock CD, Quatrano RS : A conserved domain ofthe viviparous-1 
gene product enhances the DNA binding activity ofthe bZIP protein EmBP-1 and other 
transcription factors. J. Biol. Chem. 271: 3366-3374 (1996). 
6. Izawa T, Foster R, Chua N-H: Plant bZIP protein DNA binding specificity. J. Mol 
Biol. 230: 1131-1144 (1993). 
7. Kao CY, Cocciolone SM, VasillK, McCarty DR: Localization and interaction ofthe 
cis-acting elements for abscisic acid, VIVIPAROUS 1, and light activation ofthe Cl gene of 
maize. The Plant Cell8 : 1171-1179 (1996) . 
8. Menkens AE, Schindler U, Cashmore AR: The G-box: A ubiquitous regulatory DNA 
element in plants bound by the GBF family ofbZIP proteins. Trends Biochem Sci 20: 506-
510 (1995). 
9. Niu X, Guiltinan MJ: DNA binding specificity ofthe wheat bZIP protein EmBP-1 . .. · 
Nucleic Acid Res. 22: 4969-4978 (1994). ,_- · 1 

10. Niu XP, Adams CC, Workman JL, Guiltinan MJ: Binding ofthe wheat basic leucine : ,r, i.:; 
zipper protein EmBP-1 to nucleosomal binding sites is modulated by nucleosome 
positioning. Plant Cell8: 1569-1587 (1996). 
11. Quatrano RS, Bartels D, Ho Tf·ID, Pages M: New insights into ABA-mediated 
processes. Plant Cell9: 470-475 (1997). 
12. Quatrano RS, Guiltinan MJ, Marcotte WR: Regulation of gene expression by 
abscisic acid . : in Control ofPiant Gene Expression, pp . 69-90, CRC press, Boca Raton, FL 
(1992) . 
13 . Vasil V, Marcotte WR, Jr., Rosenkrans L, Cocciolone SM, Vasil IK, Quatrano RS, 
McCarty DR: Overlap ofViviparous1 (VPl) and abscisic acid response elements in the Em 
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The Role of DNA Topology in Chromatin Organization: Transcriptional S tate of a Mouse 
Mammat-y Tumor Virus Promoter-Driven Gene Can Affect Topological Domain Size in 
Vivo 
Phillip R. Kramer1

, Gilbert Fragoso2
, William Pennie2

, Han Htun2
, Gordon Hager2 and Richard 

R. Sinden 
1 ---

1lnstitute ofBiosciences and Technology, Department ofBiochemistry and Biophysics, Texas 
A&M University, Houston, Texas, USA; 2Laboratory ofReceptor Biology & Gene Expression, 
National Cancer lnstitute, Nationallnstitutes ofHealth, Bethesda, Maryland, USA 

Many individual genes in Drosophila, mouse, and human cells are organized with 
unrestrained negative DNA supercoiling, while, on average, the majority ofthe chromosome is 
torsionally relaxed, presumably dueto the restraint of supercoils through the organization of 
DNA into nucleosomes. In Drosophila, while the hsp70 genes are organized with torsional 
tension befare and after transcription, DNA immediately outside the functional hsp70 domain at 
Iocus 87 A Drosophila is completely relaxed . This organization is possible through the 
organization ofthe chromosome into independent topological domains. Neither the nature ofthe 
structures that define topological domains in cells, nor the biological roles oftopological 
domains have been unequivocally identified. Moreover, the relationships between transcription 
or transcriptional activation, and unrestrained supercoiling remain to be clearly established. 

The number oftopological domains within a 1.8 mb chromosomal region consisting of 
about 200 tandem repeats containing the Ha-v-ras gene driven by the mouse mammary tumor 
virus (MMTV) prometer was assayed in vivo by analyzing the relaxation of negative supercoils 
after introduction of a defined number of nicks in the O NA. The DNA within these tandem 
repeats contained a moderately high leve! of supercoiling and the DNA was organized into 
approximately 55 independent topological domains. Following the addition ofthe glucocorticoid 
dexamethasone, about 25% ofthe MMTV promoters were activated and supercoiling throughout 
the region was comp1ete1y relaxed . However, following gene activation by dexamethasone, and 
after the addition ofX-amanitin to block RNA polymerase elongation, supercoiling was again 
present and approximately 11 O topological domains were detected. Furthermore, if transcription 
proceeded for an hour after dexamethasone treatment and then transcription elongation was 
blocked by X-amanitin approximately 215 topological domains were detected within the 
tandem arra y. These results demonstrate that an increase in the number of domain boundaries 
occurred upon gene activation and a further increase occurred u pon transcription e1ongation. 
These results are consistent with the hypothesis that sorne topological domain boundaries in a 
living mouse cell are functional in nature, being established by the formation of activated and 
elongating transcription complexes. 

J·' 
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Centromeric heterochromatin: a role for 

altered DNA structures? 

Alfred Cortés, Dori Huertas, Neus Ferrer and Fernando Azorín. 

Departament de Biología Molecular i Cel.lular 
Centre d'lnvestigació i Desenvolupament - CSIC 
Jordi Girona Salgado 18 - 26. 08034 Barcelona, Spain. 

The centromere is a specialised chromosomal structure which is essential 
for the accurate segregation of chromosomes during mitosis and meiosis (for a 
review see Choo, 1997). The centromere nucleates the formation of the 
kinetochore and is also involved in sister chromatid cohesion and separation. In all 
the species studied lo date, with the exception of the budding yeast 
Saccharomyces cerevisiae, centromeric DNAs are characteristically enriched in 
highly repetitive satellite DNA sequences. In S.cerevisiae, all the information 
required for proper chromosomal segregation is contained within a short 125 bp 
long A+ T -rich sequence. On the other hand, in the fission yeast 
Schizosaccharomyces pombe, the centromeres are much larger, from 40 to 11 O 

kb, and contain severa! types of complex centromere-specific repetitive elements 
flanking a central nonrepetitive A+ T -rich sequence. The very high content in 
satellite DNA constitutes· an importan! limitation for the molecular analysis of 
higher eukaryotic centromeres and, lo date, no single-copy complex DNA 
sequence has yet been identified at these chromosomal regions. Though the 
presence of nonrepetitive DNA sequences al the centromere of higher eukaryotes 
cannot be completely ruled out, recen! results strongly suggest that satellite DNAs 
are essential for proper centromere functioning both in humans and in Orosophila. 

In any case, the presence of satellite DNA al the centromere raises the question of 
its contribution to centromere organisation and function. 

A remarkable feature of centromeric satellite DNAs is their apparent lack of 
evolutionary conservation. In general, centromeric satellites show little similarity 
among related species and, even in the same species, different chromosomes 
contain different arrays of satellite DNA sequences at the centromere. For 
instance, !he Drosophila AAGAG satellite, which is an essential componen! of the 
centromere of the Op 1187 minichromosome, does not seem to be universal to. fl)L.:·, 

Drosophi/a centromeres. Furthermore, centromeric satellites can also be found ¡:¡t2 
other chromosomal locations showing no detectable centromere function_ ar¡9, ~ J 
viceversa, DNA sequences located outside of the centromere might acquir@1: , 

centromere activity acting as neo-centromeres. These observations suggest that 
the primary nucleotide sequence might not be the only determinan! of centro rl}e r ~ .: : 

formation and function . Unlike in S.cerevisiae, centromeres of higher eukaryo.tes,,í\ 
are embedded within large blocks of heterochromatin and the formation of a 
centromere-specific high order chromatin structure appears to be essential for 
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centromere function. Centromeric satellites are likely to play a crucial role in the 
formation of this high arder structure. At this respect, it is interesting to note that, 
although showing no significan! homology at the leve! of their nucleotide 
sequences, many centromeric DNAs share common structural properties. For 
instance, A+T-rich satellites are frequently found at the centromere of higher 
eukaryotes and similar A+T-rich sequences have also been found at the 
centromere of the yeasts S.cerevisiae and S.pombe. Severa! of these A+ T-rich 
centromeric satellites were shown to be intrinsically curved reflecting common 
bendability properties (Martínez-Balbás et al., 1990). "Telomere-like" satellites 
constitute a second class of repeated DNAs which are often found at the 
centromeres of many vertebrales, insects and plants. As found in most telomeric 
DNAs, these centromeric satellites show a marked pu/py strand-asymmetry 
resulting in one strand being G-rich in comparison with its complementary. 
Actually, many of them contain G-tracts similar to !hose found in telomeric DNA. 
Severa! of these "telomere-like" centromeric satellites were shown to be capable 
of forming altered DNA structures · in which the G-rich strand forms very stable 
intramolecular hairpins. These observations suggest that, perhaps, what 
centromeric satellites share in common are the structural properties associated 
with their otherwise divergent nucleotide sequences. 

The Drosophila dodeca-satellite (GTACGGGACCGA) is a member of this 
family of "telomere-like" centromeric satellites. The dodeca-satellite is found at the 
centromere of chromosome 3 in D.melagonaster and of severa! other 
chromosomes of different Drosophila species (Abad et al., 1992; Carmena et al., 
1993). lt was shown earlier that the dodeca-satellite G-strand forms very stable 
fold-back structures, stabilised by the formation of tandem G·A pairs, while the 
complementary C-strand remains basically unstructured (Ferrer et al., 1995; Ortiz­
Lombardía et al., 1998). In this paper, we describe the purification and 
characterisation of DDP 1, a single-stranded DNA binding protein of high molecular 
mass which binds the unstru9tured dodeca-satellite C-strand with high affinity and 
specificity. In polytene chromosomes, DDP1 localises to the chromocenter but its 
distribution is not constrained to the regions containing dodeca-satellite 
sequences. DDP1 is also found at the chromosome arms mostly co-localising with 
HP1 . During embryo development, DDP1 becomes nuclear only after 
cellularization, at the same time that HP1, and is also found associated with the 
condensed mitotic chromosomes. These results are discussed in the context of the 
possible contribution of the structural properties of centromeric satellites to 
centromere formation and function. 

Abad, J.P., Carmena, M., Baars, S., Saunders, R.D.C., Glover, D.M., Ludeña, P. 
Sentis, C., Tyler-Smith, C. and Villasante, A (1992) Dodeca-satellite: a conserved 
G+B-fich satellite from centromeric heterochromatin of Drosophila melanogaster. 
Pmi ' Natl. Acad. Sci. USA 89, 4663-4667. 

1:-.;r 1 

Catména, M., Abad, J.P., Villasante, A, and González, C. (1993) The Drosophila 
meléinogaster dodecasatellite sequenec is closely linked to the centromere and 
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can form connections between sister chromatids during mitosis. J. Gel/ Sci. 105, 
41-50. 

Choo, K.H. (1997) The Centromere. Oxford University Press. 

Ferrer, N., Azorín, F., Villasante, A., Gutiérrez, C. and Abad, J.P. (1995) 
Centromeric dodeca-satellite DNA sequences form fold-back structures. J. Mol. 
Biol. 245, 8-21 . 

Martinez-Balbás, A., Rodríguez-Campos, A. , Garcia-Remirez, M., Sainz, J., 
Carrera, P., Aymami, J., and Azorin, F. (1990) Satellite DNAs contain sequences 
that induce curvature. Biochemistry 29, 2342-2348. 
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Differential activation of small heat-shock gene promoters during 
plant embryogenesis: lnvolvement of heat-shock elements and 
chromatin structure? 

Juan Jordano · , Anabel Rojas. Raul Carranco, Pilar Prieto-Dapena 
and Concepción Almoguera. 

Instituto de Recursos Naturales y Agrobiología, (C.S.I.C.). Avda 
Reina Mercedes. 10. 41012 Sevilla Spain. (* Participating author, Email : 
fraga@cica.es). 

Results of nuclear run-on analyses in sunflower zygotic embryos 
showed that, despite the presence of functional Heat Shock cis Elements 
(HSEs) in the promoters of Ha hsp17.7 G4 and Ha hsp18.6 G2, only the 
former was transcriptionally activated during embryogenenesis; whereas 
both promoters responded to heat stress in vegetative tissue (Cananeo et 
al .. 1997). That would be similar to observations in Arabidopsis, where only 
a subset of the homologous class 1 small Heat Shock Proteins (sHSPs) are 
expressed in developing seeds, despite the efficient heat-induction of all 
proteins from this class (Wehmeyer et al., 1996). We showed recently that 
expression from the Ha hsp 17. 7 G4 promoter during late embryogenesis (in 
desiccating seeds) depends on its HSEs. However, differences between the 
developmental regulation and heat-shock response mediated by these 
HSEs allowed us to separate both by site-directed mutagenesis (Aimoguera 
et al., 1998). A crucial question remains unanswered: what prevents the 
activation of all sHSP gene promoters in desiccating seeds? To further 
investigate this point, we have set conditions for the analysis of the 
sunflower promoters, .in the homologous system, by transient expression. 
Preliminary results showed that, in bombarded sunflower embryos. the three 
class 1 sHSP promoters: Ha hsp17.6 G1, Ha hsp18.6 G2, and 
Ha hsp17. 7 G4, showed activities dependent on the integrity and 
complexity of their HSEs. Furthermore, these promoters could be activated 
in trans by different cloned HSFs from tomato. and this trans-activation 
depended also on the HSEs. These results differ from the in nucleo 
promoter activity, and suggest that factors not proper1y conserved during 
transient expression, such as the DNA methylation status or the chromatin 
structure, might control the differential activity of sHSP promoters in plant 
embryos. 

Ret erences: 

Almoguera et al. (1998) PlantJ. bt_ 437·446. 
Carranco etal. (1997) J. Biol. Chem 272 : 27470-27475. 
Wehmeyer et al. (1996) Plant Physiol. 112 · 747-757. 
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U4 acctylatlon, XIST RNA and r<>pllcatlou thulu¡: aro colucldt>nt and doOno X;auto,omc 
houndarlc~ In (wn humlln chromntnmet. 

Anu M . Keohanc, Audrcw L. llnrlow, JonalhiUl Watcrs•, David llourn• and 13rynn M .Turncr 

Chromalin and Gene Iixpronlon Group, Univor,ity ofDinniu¡;ham Modiool School, Edgba~(on, 
Rinnin¡:hftm Bl 5 2IT, UK 

•Regional Gonetics Sorvioos, Dirmiugbttm Women's Hospitol. Birminghom 1!15 2TG, IJK . 

D<>~age comperu10tion in mRmmals requirc& tho dablo gonotic ~iloncing du.rin¡; oarly 

embryogene,ic, of one X chromocomo in oach fomalo col l. Thi~ rroco~c hac "" llbGolute 

rcquiremenl fnr the pr<:~cnce, in ci.r, of• rc¡¡ion dcfincd genetically u the X Útllctivalion centre 

(Xic) . Ectabliduncnt ofthe Ín<lctive X requircs the re)olively rapid (ie. 1-1 ecll gcncrbiÍonR) 

di~<c . minalion ofthc cilcndr\g slgn"l aerott !In cntire chromo•ome, a proce .. thal i• of'\c:n 

describe<! "" sprc11.ding a.nd sccn •• am1logout (o podtion ctfcct varicgalion (I'EV) in 

Drosophila. Tho i.naotive X (Xi) diífen from its active homologue (Xa) in C1 numhcr of waya, 

includins incrca~ed mctl•ylntion of CpG i&lund&, replication late in S-ph.aGe, undcracctylation of 

ui,ton~ H4 and B&&ocintion withX/STR.NA. \he l'l((cr beíns tite non·codlng tanscript uf 11 gouo 

within tbc Xic tbat is, uniqucly, cxprc33cd eJ<clusivcly front Xi. Glob<1l cltange3 in DNA 

mclloyluliun uccur rclutivcly Ja(c in dcvclopmcnt bm thc othcr propc.nic~ al! chAn¡;e durin¡; or 

&hortly afkr thc cstablislmlcnt ofXi and may play a role in thc lijlfeal1ing mc:clutui~IU . Wc 

de&cribc tloc \use of 11 cytogcnctic 11pproach (<>define thc di.tribution of XIST RNA , dcncctylntcd 

114 and the lAte rcplicating DNA across two hmnnu X:nu(osomc compoond cluowusu11t<-":<. ·nu: 

resulta ahow complete coincidcncc ofthC3c p.ornmctcrs with .att threc hcin¡; c><cl11dod fmm the 

llutosornal componen( e>f tliG dcc-ivc<l X clu-omosomc. '11th suggc•t• Úu•t l.hct·c is liulc <>1 11v 

sprc:adin¡; ofÚtc innctivc date on(o the auto•omnl C<>lllponcnt ofthc dcrivcd X chrom<>somc. 

DNI\ clemel\(~ which are nbscnt or &p¡ttt>C in thc autoscmuol scgmcnt~ we luovc st11dicd, ltlioy be 

rcqulrcd for su eh aprcadlng to occur. 
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COMPACT INTERDIGITATED HELICAL MODEL FOR CHROMATIN 

Joan-Ramon Daban and Antonio Bermúdez 

Departament de Bioquímica i Biología Molecular, Faculta! de Ciéncies, 

Universitat Autónoma de Barcelona, 08193-Bellaterra, Barcelona, Spain 

Our previous electron microscopy and electrophoretic studies (1-3) of small chromatin 

fragments from chicken erythrocytes ha ve shown that, in presence of 1. 7 mM Mg2•, 

these fragments form helical fibers that are more compact than normal solenoids or 

other models proposed for chicken erythrocyte chromatin. These studies have also 

shown that fiber folding is inítiated from a basic element with 5-7 nucleosomes. In this 

work, using computer-generated models, we have found that a structural solution that 

allows the formation of compact fibers consists in the interdigitation of the successive 

helical tums of simple helices with few nucleosomes per turn. With this folding pattern 

we have constructed a family of models containing 13-14 nucleosomes per 11 nm. We 

show that interdigitation of the primary helix or solenoid formed by consecutive 

nucleosomes gives rise to secondary helices, in which nucleosomes from successive 

turns of the primary helix interact through their faces. Stacking of nucleosomes in 

secondary helices is probably related with early findings of severa! laboratories showing 

that the protein core of nucleosomes has a high tendency to associate forming he! ices. 

Tilt angles of nucleosomes with respect to the fiber axis of our family of models are 20, 

29, 40, and 52°, for structures with 2.8, 3.8, 4.7, and 5.8 nucleosomes per turn in the 

primary helix, and 3, 4, 5, and 6 secondary helices, respectively; the diameter of all 

models is 36 nm. We have included linker DNA in the model containing 4.7 

nucleosomes per tum and we show that there is enough space in the central regían for 

60 bp of linker DNA and a hole of 7 nm in diameter. The calculated cross-sectional 

radius of gyration of this model (12 nm) is in agreement with the values obtained for 

folded chicken erythrocyte chromatin in severa! laboratories using neutron and .X.-ray 

scattering. Additional details of the model can be found in (4). 

(1} Bartolomé, S., Bermúdez, A. & Daban, J.-R. (1994) J. Ce/1 Sci. 107, 2983-29.92. r. 
(2) Bartolomé, S., Bermúdez, A. & Daban, J.-R. (1995). J. Biol. Chem. 270, 22514-22.521. 
(3) Bermúdez, A., Bartolomé, S. & Daban, J.-R. (1 998) . J. Ce/1 Sci. lll, 1707-1715 . . : 
(4) Daban, J.-R. & Bermúdez, A. (1998) . Biochemistry 37,4299-4304. 
Supported in part by DGlCYT granls PB92-0602 and PB95-06 1 l . 
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Chromatin Structure of Abscisic Acid Responsivc Elcmcnts in Maizc. 

Peter K. Busk1
, Judit Puja! and Montserrat Pages. 

Departamento de Genética, Centro de lnvestigacion y Desarrollo, C.S .I.C., Barcelona, Spain . 
1Present adress: Institut for Plantebiologi, Den Kgl. Veterin<er- og Landbohl'ljskole, 
Copenhagen, Denmark. 

The phytohonnone abscisic acid (ABA) regulates severa! events during seed 
development, and the response to environmental stresses such as desiccation, salt and 
col d. An important part of the physiological response toABA is induction of 
transcription of genes that are believed to increase the desiccation tolerance of the 
embryo. The ABA responsive element (ABRE) plays a crucial role for transcription of 
many ABA inducible genes. The ABRE is an octameric sequence belonging to the 
ACGT-elements and is identical to elements (e.g. the G-box) that are inducible by 
other stimuli (reviewed by Busk and Pages, 1998). 
A large fraction of the ACGT -element binding proteins are present in the cytosol of 
dark-grown cells and light-dependent phosphorylation induces transport to the nucleus 
(Harter et al., 1994; Terzaghi et al., 1997). Also defense related genes are regulated by 
phosphorylation-induced binding to the ACGT -element/G-box (Droge-Laser et al., 
1997; Lois et al., 1989; Lawton et al., 1990). 
We have previously shown that the seed-specific transcriptional activator VPl induces 
transcription through the ABREs of the ABA-inducible rab28 gene although protein 
binding on the element in vivo is independent of VP 1 (Bus k and Pages, 1997). This 
suggests that VP1 acts as a transcriptional coactivator that binds toa prefonned 
complex between the ABRE andan ABRE binding factor. 
In the present study, we ha ve perforrned in vivo footprinting of the rab28 prornoter at 
different developmental stages. Protein binding was observed on the ABREs in the 
rab28 prornoter in 16 dap embryos before developmental induction of the gene. The 
binding was unaltered by exogenous ABA indicating that the DNA binding activity of 
the ABF is regulated by other cues than ABA. This indicates that the ABRE rnediates 
transcription by a different rnechanism than other ACGT -elements in plants. 
Proteins frorn nuclear extracts forrned different cornplexes with the ABRE depending 
on the developmental stage. Exogenous ABA shifted the complex fonned in 16 dap 
ernbryos to the same mobility as the complex fonned in 24 dap ernbryos where rab28 
is expressed. These results suggest that ABA activates transcription via the ABRE by 
posttranslational modification of the ABF. 

, ,, Express ion studies in transgenic plants and in transient transforrnation suggested that 
'' -~' '" one function of the constitutive protein binding to the ABRE could be to rnaintain an 
10 1 : ~~ open chromatin structure on ABA-inducible promoters. In support of this, putative 

, . ABFs can invade chromatin in vitro (Ni u et al., 1996). 
\é 6 '1- : '·. -,-: . 
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MOLECULAR ANO GENETIC CHARACTERIZA TI ON OF A 

TRANSGENIC PO PULA TION OF CITRUS 

Magdalena Cerver1!, José A. Pina, José Juárez, Luis Navarro, Leandro Peña 

Dpto. Protección Vegetal y Biotecnología. Instituto Valenciano de Investigaciones 

Agrarias (IVIA). Apartado Oficial 461 I 3-Moncada. Valencia. Spain. 

In vegetatively propagated and long-Iived perennial fruit crops, an importan! 

requisite for evaluating the validity of genetic transformation techniques is the stability 

of transgene integration and expression over long periods of time. However, little is 

known about these features in woody fruit crops. Apomictic reproduction of citrus make 

them excellent woody plants for this type of studies, since it assures that transformation 

occurred on the same genotype. 

A collection of 100 transgenic citrange plants (Citrus sinensis L. Osbeck x Poncirus 

trifoliata L. Raf.) for uidA and nptll genes have been maintained under screenhouse 

conditions over a period of 1-4 years. Only four morphologically off-type transgenic 

plants were detected among the population. On a ploidy analysis, these plants were 

characterized as tetraploids. No other phenotypical alterations were observed. 

Histochemical GUS assays, quantitation of both uidA and nptll gene expression and 

Southem analyses were performed to . study integration and expression pattems. 

Transgene loci number varied from 1 to 6, and a significant negative correlation 

between insert number and GUS activities could be demonstrated. Methylation analyses 

are being currently performed for severa! transgenic plants with silenced ui~A 

expression. No significant variance in number of transgene inserts were found amqng 
. :'"'') 

plants obtained using different transformation conditions. Stability of the in ~{{gr ated 

transgenes during long time periods and under natural environmental condition ~ M'~S 

confirmed in all the transformants. l , ¡·.r 

1 ;: 
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EFFECTS OF CHROMODOMAIN-PROTEINS ON TOBACCO 
DEVELOPMENT 

B. Charrier, R. Ingram, C.Scollan and P. Meyer. 
Department ofBiology, Sehool ofBiology, University ofLeeds, LS2 9JT Leeds (U.K.). 
Tel: . 44 113 233 3146. Fax: 44 113 233 2835. E-mail: bgybc@leeds.ae.uk 

Our aim is to elueidate the role played by ehromodomain proteins in plants. For this 

purpose, we started to introduce the ehromodomains of two Drosophi/a proteins, 

Heteroehromatin-assoeiated protein 1 (HPI) and Polycomb (Pe) into tobacco nuclei, to 

test the nuclear localisation of the two domains and their effect on plant development. 

HPI, a nonhistone chromosomal protein preferentially assoeiated with b-heteroehromatin, 

and Pe, a repressor ofhomeotie genes in Drosophila, share a well~nserved, although not 

identical, ehromodomain, whieh might play a common role in chromatin repression. The 

analysis of transgenie plants expressing eaeh of the two ehromodomains, Iinked to the 

green fluorescent protein, suggest that both ehromodomains have specifie and distinet 

target regions in the plant genome. Only expression of the Pe ehromodomain interfered 

with plant development, showing homeotie mutations and a change in the number of organ 

in flowers and leaves. In order to see whether the expression of genes involved in 

development might be altered in phenotypie organs of Pc-chromodomain plants, we 

studied by RT-PCR the expression pattem ofMADS box genes, and homeobox genes. In 

phenotypie shoot buds, we showed that the transcript leve! of one particular gene is 

,. módified, displaying an increase in the Polycomb-chromodomain-transformed plant in 

'' cl:stn'parison to the SR 1 control plan t. 

0 ~' ' ' 'tHbse data resemble the effect of the HPI and Pe in Drosophila, where both 

<- iE:hfotnod'omains have been shown to have distinet ehromosome binding aetivity, and 

where Pe is involved in the regulation of development-specifie genes. 

In parallel, we try to identify endogenous tobacco genes containing a ehromodomain, 

using a PCR strategy. Preliminary results in this concem will be prescnted and discussed. 
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Molecular and genetic dissection of transgene-induced gene silendng in 
Neurospora cn~ssa. 
C. Cogoni, and G. Macino. 
UniversitA 'La Sapienza', Roma, Italy 

The introduction of a transgene can lead to gene silencíng or quelling of 
the homologous resident gene. Using the carotenoid biosynthetic gene 
albino-1 as a visual reporter for gene silencing, severa! general 
characteristics of quelling ha ve been defined such as: reduction of the 
steady state level of the duplicated gene mRNA is due toa post­
transcriptional effect on its accumulation; transgenes containing 
transcribed regíons are able to induce gene silencing, while the promoter 
regions are ineffective¡ quelling is dominant in heterokaryotic strains 
indicating the involvement of a diffusible trans-acting molecule. 
A saturating genetic dissection of quelling defective (qde) mutants has 
identified three complementatíon groups. This indica tes that the affected 
genes may enrode three separare components in volved in the mechanism 
of gene silencing in Neurospora. The identification of the qde mutants 
constitutes the first necessary step in the identification of factors required 
for quelling. 
Moreover, by analysing the qde mutants a complex scenario is emerging, in 
which several mechanisms of transgene--induced gene silenáng are 
present in Neurospora. 
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Peloria, a natural epigenetic rnutant of the Linaria cycloidea gene 
Cubas. P. •, Vincent, C.# and Coen, E.# 
*INIA, Departamento de Mejora Genetica y Biotecnología, Carretera de la Coruña, km 7 
28040, Madrid (Spain). 
#John Innes lnstitute, Colney Lane, Norwich, (United Kingdom) 

According to their symmetry flowers can be radially symmetrical or 
asymmetrical. In Antirrhinum (Scrophulariaceae) a species with asymmetrical flowers, 
the generation ofthis asymmetry is beginning to be understood.Two genes, cycloidea 
(cyc) and dichotoma (dich) known to play a key role in generating floral asymmetry 
have been cloned and analysed in our lab. Now we are investigating whether other 
cyc/dich-like genes are responsible for establishing dorsoventral asymmetry in other 
species with asymmetrical flowers : Linaria, Sainpaulia, Schyzanthus, petunia and 
Senecio. 

We ha ve found that in Linaria vulgaris the orthologue of cyc/oidea (Lcyc) is also 
involved in generating the floral asymmetry. This gene is expressed in the dorsal part 
of the floral meristem from very early stages of development. A mutation called Peloria, 
first described by Linnaeus in .the XVIII century, in which the flower is radially 
symmetrical has shown complete linkage to Lcyc. 

Although when we looked for lesions in Lcyc ofPeloria we found none, we ha ve 
discovered that the Lcyc locus of the mutant is heavily methylated and silenced, 
modification not found for other genes ofthe mutant. Moreover, in unstable mutants in 
which the wild-type flower phenotype is partially or completely recovered there is a 
parallel demethylation of Lcyc; accompanied by an increased in the transcription ofthe 
gene. Peloria is therefore and epigenetic mutant as well as one ofthe first described 
plant natural variants for which the molecular basis are starting to be understood. 
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Evidence for gene silencing in the fungal plant pathogen Fusarium 
oxysporum by repeat-induced point mutation in the absence of a sexual 
e y ele 

García Maceira F, Huertas González MD, Ruiz Roldán MC, Di Pietro A, Roncero MIG. 
Departamento de Genética, Facultad de Ciencias, Universidad de Córdoba, E-14071 
Cordoba, SPAIN 

Gene silencing in fi1amentous fungi has generally been associated with two 
phenomena at different stages of their life cycles: post-tra.nscriptional inactivation of gene 
expression, termed quelling, occurs duóng the vegetative phase whereas repeat-induced 
point mutation (RIP) takes place premeiotically and thus requires passage of the organism 
through a sexual phase. The fungal plant pathogen Fusariwn oxysporum belongs to the 
Deuteromycetes whose members do not possess a known sexual cycle. 

F. oxysporum f.sp. lycopersici was tra.nsformed with three different plasmid 
constructs containing genes encoding a pectate lyase, a xylanase ora po1ygalacturonase 

. whose coding regions were interrupted or partially rep1aced by a hygromycin resistance 
cassette. Ectopic integration of the three vectors was detected in all the tra.nsformants 
analyzed. Southern analysis of the transformants with the isoschizomers MspiJHpaii and 
NdeWSau3A gave banding patterns consistent with the generation of new restriction sites 
within the duplicated regions, possibly through point mutations, that were not preserlt in 
the untransformed strains. Northern analysis showed that accumu1ation of transcripts from 
the duplicated genes was strongly reduced in the tra.nsformants whereas genes encoding 
other extracellular enzymes were expressed at normal levels. Moreover, extracellular 
pectate lyase activity was 1 O to 20fold reduced in the tra.nsformants harbouóng duplicated 
sequences of the corresponding gene. The results indicate that RIP occurs in F. oxysporum 
in the absence of a sexual cycle. lsolation and sequence analysis of the affected genomic 
regions is currently underway in order to determine the nature and the extent of the induced 
mutations. 
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Genetic interactions between Chromatin and 
DNA-Recombination genes. 

Francisco Malagón and Andrés Aguilera. 
Departamento de Genetica. Facultad de Biología . Universidad de 
Sevilla. Sevilla. Spain. 

We try to understand the DNA-structural 
requeriments for homologous recombination. 

The S. cerevisiae SPT6p and SPT4p, along with SPTSp, 
form a protein complex (1). SPT6p interacts directly with the 
histone H3 globular-domain and spt6 mutants show a 
general effect on chromatin structure that resembles the 
HTAJ-HTBJ deletion(2). Previous results from our lab have 
shown a hyper-recombination phenotype for spt6 and spt4 
mutants (3) . 

Rad5lp is a eukaryotic RecA homologous . The 
involvement of Rad5lp in homologous recombination has 
been shown to be dependent on chromatin structure in the 
silenced loci HMR and HML(4). 

In this report we present data that suggest a genetic 
interaction between Spt6p and Rad51 p. We ha ve extended 
this study to other mutants in other genes related to either 
chromatin structure, as the HMG homolog spt2/sin 1, or 
homologous recombination, as rad54. 

Our results will be discused on the basis of the 
functional relationship betwen homologous recombination 
and chromatin structure. 

(l)Swanson MS and Winston F.1992. SPT4,SPT5 and SPT6 interactions: effects 
on transcription and viabiltity in Saccharomyces cerevisiae. Genetics 
132:325-336. 

(2)Bortvin A and Winston F.1996. Evidence that Spt6p controls chromatin 
structure by a direct interaction with histones. Science 272(5267):1473-
1476. 

(3)Malagón F. and Aguilera A. 1996. Differential intrachromosomal hype r­
recomtination phenothype of spt4 and spt6 mutants of S. cerevisinc. 
Current Genetics,30, 101-106. 

(4)Sugawara N, lvanov EL, Fishman-Lobell J, Ray BL, Wu X, Haber JE (1995) 
DNA structure dependent reguirements for yeast RAO genes in gene 
conversion. Letters to Nature 373:84-86. 
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The histone acetyltransferase activity of CBP stimulates transcription 

Marian Martínez-Balbás, Andrew J Bannister, Klaus Martin and Tony 

Kouzarides.Wellcome/CRC Institute and Department of Pathology 

Tennis Court Road 

Cambridge 

The CBP co-activator protein possesses intrinsic histone acetyltransferase (HAT) 

activity, and in addition, associates with two other histone acetyltransferases, P/CAF and 

SRCI. We set out to establish if the intrinsic HAT activity of CBP contributes to 

transcriptional activation. We show that a region of CBP which encompasses the HAT 

domain can stimulate transcription when tethered to the promoter. The stimulatory effect 

of this activation domain shows sorne promoter preference and is dependent on HAT 

activity. Analysis of fourteen point mutations reveals a direct correlation between HAT 

activity and transcriptional activation. We also find that the HAT domains of CBP and 

P/CAF share sequence similarity. Four conserved motifs are identified three of which are 

analogous to motifs A, B and D, found in other N-acetyltransferases. The fourth motif, 

termed E, is unique to CBP and P/CAF. Mutagenesis shows that all four motifs 

contribute to CBPHAT activity and transactivation. These results demonstrate that the 

HAT activity of CBP is directly in volved in stimulating transcription. 

1 1( ~ • 
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GENE EXPRESSION STUDIES ANO SEQUENCE VARIABILITY ANAL YSIS OF 
GRANDE1 RETROTRANSPOSON IN MAIZE ANO RELATED SPECIES 
Eva Gómez-Orte, José García-Martínez, Carlos M. Vicien! y José Antonio Martínez­
lzquierdo (Departamento de Genética Molecular, CID-CSIC. Jordi Girona, 18, 08034 
Barcelona. Tel93-4006127. Fax 93-2045904. E-mail: jamgmj@cid.csic.es) 

Grande1 elements constitute a new family of Ty3/gypsy type of retrotransposons 
present in the Zea genus in more than one thousand copies in Zea diploperennis 
and maize. This retrotransposon is remarkable for their high size of around 14-kb, 
that is consequence of a very large 3' region of more than 7 KB. Atypical entities of 
this region are two arrays of tandem-unrelated repeats with potential stable stem­
loop structures. A big portion of that region is occupied by ORFs. However, only 
ORF23 is transcribed (in antisense orientation to the reverse transcriptase ORF), 
giving rise to a transcript of 900 b which is found in all the maize tissues explored. 
In the same way, gene 23 putative promoter from Grandet-7 is able to drive GUS 
activity in transient expression experiment in all the tissues examined. This is 
despite the high level of methylation of the DNA of Grande t. which genomic RNA is 
not detected in any tissue or situation, probably reflecting a non-functional 
retrotransposon. The P23 protein is being produced in E. coli for antibody 
production and fundion determination. The putative role of p23 protein, which is rich 
in glycine and acid amino acids, will be discussed. 

We have analyzed the variation of the sequence of a 450-bp segment of 
LTRs (U3 and R regions) from Grande1 retrotransposon in the Zea genus. 
Sequences were aligned and the phylogenetic relationships established. No 
identical sequences were found even from DNA samples from a particular line, 
subspecies or species, indicating a high sequence heterogeneity in the L TR 
amplified fragments. This high sequence variability is in agreement with non­
functional Grande1 elements nowadays, whidl could accumulate mutations since the 
time of inactivation. The finding of sorne relatively well conserved motifs, as the 
TATA box and others, between lines and species is contradictory with the last 
argument and will be discussed. The global phylogenetic tree shows a certain 
grouping of Grande1 LTR sequences, but not by lines or species. Phylogenetic trees 
for eadlline reproduce well the global tree topology. This suggests that a subset of 
Grande1 retrotransposable elements followed in each linea similar evolutionary 
history until the current situation. Similar analysis performed with reverse 
transcriptase (RT) sequences agrees with the traditional phylogeny, but only at the 
genus level. The analyses of LTR and RT sequences for Zea species is 
contradictory with the phylogeny of the Zea genus, indicating that the 
retrotransposon sequences are not good phylogenetic markers for reconstructing the 
phylogeny of Zea species. traditional phylogeny, but only at the genus level. The 
analysis of RT sequences for Zea species is contradictory with the phylogeny of the 
Zea genus, indicating that the retrotransposon sequences are not good phylogenetic 
markers for reconstructing the phylogeny of Zea species. 
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Large Scale Chromatin Domain Organization of Plant Genes. 
Anna-Lisa Paul and Robert J. Fcrl, Progrnm in Plan! molecular and Cellular Biology, Departmcnl 
of Horticullural Sciences, University of Florida, Gainesville Florida, 32611 

Experiments designed to directly investigate the large scale organization of the 
genomes of maize and Arabidopsis suggest that these genomes are organized into large 
structural loops, the median sizes of which vary between the two plant species . Further, 
hybridization analyses with specific gene probes reveal that individual genes occupy 
discrete domains within the distribution of organizationalloops. 

Limited digestion of nuclei with DNase 1 results in the conversion of the greater 
than 800 kb genomic DNA toan accumulation of fragments representing a collection of 
individual looped domains . l11e median size of the domain loops is about 45 kb in maize 
and about 25 kb in Arabidopsis. Hybridization analyses with specific gene probes reveal 
that individual genes occupy a discrete loop within the distribution created by DNase l. 
l11e maize Adh 1 gene occupies a 90 kb loop and the maize GRF 1 gene occupies a loop of 
100 kb in length. Arabidopsis Adh is found within two distinct loops at 8.3 kb and 6. 1 
kb, whereas an Arabidopsis GRF gene occupies a single loop of27 kb. The loops created 
by topoisomerase 11 mediated cleavage are identical in size to those created by DNase 1 in 
Arabidopsis. These results imply that chromatin packaging is not a random process of 
condensation, but rather that there are discrete structures in the higher order packaging of 
the genome that maintain gene organization. 

The organization ofthe genome by these large-scale structures does not preclude 
further organization on a smaller scale. We (and many others in a variety of systems) 
have shown that smaller "units" of organization occur within the larger domain loops . 
For example, in maize Adhl, a 5' nuclear matrix attaclunent region (MAR) is retained on 
the matrix in nuclear preparations, and Os04 footprinting indicates the MAR sequence is 
under torsional stress both in vivo and in vitro. However, this MAR does not participate 
in the generation of the large domain loop containing Adh l . The maize Adh 1 promoter 
MAR defines the 5' edge of a region of DNase 1 hypersensitivity that is influenced by the 
transcriptional state of the gene, thus this MAR may play a role in creating structures 
necessary for transcriptional activation. Further, the 5' MAR contains three sets of a 
sequence very similar to recognition motif for the nuclear matrix binding protein SATB l . 
Con focal microscopy of maize cells incubated with SATB 1 antibodies (kindly provided 
by T. Kohwi-Shigematsu) suggests that a SATB 1 homolog is present in maize, and band­
shift ar1alyses with maize extracts and the SATB 1 consensus sequence indica te that a 
complex is formed with a maize DNA binding protein and thc SATB 1 antibody in nuclei 
where Adh 1 is transcriptionally active. ~ : ¡ ·¡ :~ 

Thus, it appears that there are at least two levels of higher order chromatin that 
organize the genome into manageable units: the large scale structural loops that fu~lc~iO J ·¡ag 
in thc overall condensation, and sub-sets of these large loops that probably organize the 
gcnomc into functional units that contribute to gene regulation . lt has long been known 
that thc smaller, "functional" units of organization are maintaincd as discrete structures 
through specific attachments to the nuclear matrix . However, the implication that the 
global packaging of the eukaryotic genome is not through random condcnsation and that 
genes occupy a loop of discretc and defincd lcngth within the gcnomc. is limited to these 
plant systcms. 
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Phenotypic switching and gene silencing in the yeast 
Gandida albicans. 

José Pérez-Martín1.2, and Alexander D. Johnson2 
1 Department of Microbial Biotechnology. Centro Nacional de Biotecnología 

CSIC. Campus de Cantoblanco. 28049 Madrid.SPAIN. 

2oepartment of Microbiology and lmmunology.University of California, San 

Francisco, CA 94143-0414, USA 

Most strains of the pathogenic yeast Gandida albicans are capable 

of spontaneous switching between severa! heritable phenotypes 

distinguishable by colony morphology. This switching occurs at low 

frequency (around 1 Q-4). The mechanism regulating this switch is 

unknown, and it has been proposed to involve either a reversible 

DNA reorganization event or heritable changes in chromatin 

structure affecting gene expression. We have cloned a C. albicans 

gene that encodes a protein with sequence similarity to 

Saccharomyces cerevisiae Sir2, a protein involved in transcriptional 

silencing at severa! places in the S. cerevisiae geno me. C. albicans 

strains without a functional SIR2 gene show a high frequency of 

switching that can be suppressed by expression of this gene under 

the control of a heterologous promoter. These results indicate that 

switching in C. albicans involves factors similar to those controling 
IJ. 

gene silencing in S. cerevisiae. 
- ;l J 
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STRUCTURAL ANO FUNCTIONAL HETEROGENEITY OF R.aplp COMPLEXES 
WITH TELOMERIC ANO UASrpg-LIKE ONA SEQUENCES 

Fatima-Zahra IDRISSI and Benjamín PIÑA. 
Centre d'Investigació i Oesenvolupament. Consejo Superior de Investigaciones 
Científicas. Jordi Giro na 18, 08034 Barcelona, SP AIN 
Tel. 343 4006157 
FAX: 343 2045904 
Email: bpcbmc@cid.csic.es 

Raplp binds toa variety of related ONA sequences. We studied complexes of 
R.aplp and of its ONA binding domain with two of these sequences, the UASrpg 
sequence (5'-A CA C C C ATA C A T T T-3', RPG) and the S. cerevisiae 
telomeric consensus sequence (5'-A CA C C CACA CA C C C-3', TEL). When 
cloned in front of a minimal CYCl promoter, the two sequences differed in their 
transcriptional potential. Whereas RPG and TEL binding sites activated 
transcription with approximately the same strength, adjacent RPG sequences 
showed higher synergistic activity and orientation-dependence than TEL 
sequences. We also found different sequence requirements for Raplp binding in 
vitro to both sequences, since a single base-pair that severely reduced binding of 
Raplp to the RPG sequences, had very little effect on the TEL sequence. Both 
KMn04 hypersensitivity assay and the hydroxyl radical foot printing analysis 
showed Raplp binding domain distorted differently ONA molecules 
encompassing both sequences. We propase that Raplp is able to build structural 
and functionally different complexes, depending on the type of ONA sequence 
the complex is build on. 

The genetic analysis revealed. a second aspect of the functional heterogeneity of 
the different Raplp binding sites. Two types of mutations affected our constructs: 
histone depletion resulted on a overactivation of both constructs, with much 
greater effects in constructs bearing a single RPG and TEL sequeces, galll­
mutations recduced transcription similarly in all cases. Our conclusion is that 
Raplp activates transcription by a dual mechanism of action: by overcoming 
histone repression and by direct or indirect interaction with components of the 
RNA polymerase holoenzyme. Our results suggest the relative significance of 
these two ways may change from one prometer to another depending on the 
base sequence of the Raplp binding site. The relevance of this functional and 
structural heterogeneity for the multiple functions Raplp binding sites appear to 
have in vivo will be discussed. 

Instituto Juan March (Madrid)



75 

LOOKING FOR THE MECHANISMS RESPONSffiLE FOR SPECIFIC GENE 
EXPRESSION IN MAIZE ENDOSPERM TRANSFER CELLS LA YER 
ISO LA TION OF PROMOTERS ACTIVE IN THA T TISSUE. 

J. Royo, E. Gómez and G. Hueros 

Departamento de Biología Celular y Genética. Universidad de Alcalá de Henares. 
28871 Alcalá de Henares (Madrid). SP AIN. 

The maize endosperm transfer !ayer is a specialized group of cells placed at the 
basal portian ofthe seed, between the maternal phloem and the filial endosperm storage 
tissue. These cells have an extensive system of cell wall ingrowths that increase its 
surface area up to 20-fold and this feature and its location allow them to control the flow 
of nutrients coming to the grain from the rest of the plant. Consequently, they are an 
attractive target for improvement of grain filling. 

As a first step towards biotechnological manipulation of the endosperm transfer 
!ayer function we are interested in understanding the mechanisms regulating specific 
gene expression in its cells. Consequently, we have isolated by severa! differential 
screening techniques a number of genes that are only active in that tissue and obtained 
the promoter regions of sorne of them. Comparison of the sequen ces of these promoters 
coming from genes plausibly involved in very different physiological processes and 
analysis of their binding pattems to nuclear proteins will allow us to delimítate the 
elements responsible for their exclusive activity. 

(); l .. _ ' -
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Ycast Rccombínant GCNSp Acctylatcs Seqtientíally Multiplc 
Lysine Residucs in Histonc IÜ 

Elena l. Gcorgicva", Ana B. Rujz-Gard!l .. Chrlstin Tsc#, J cffrcy C. 
Hansen# & Ramon Scndra* 

.+ Departament de Bioquimica i Biologia Molecular, Universitat de Valencia. E-46100 
Burjassot, Valencia. Spain. 
1 Department of Biochemistry, The University of Texas Health Science Center at San 
An[ODÍo, San Antonio, Texas 78284-776JJ, USA 

ABSTRACT 

Recent discoveries thar severa! transcriptional regula[Ory proteins are histone 

aceryltransferases or dcacetylascs ha ve highlighted rhe role of histone acetylation in gene 

ex.pression. Alrhough the molecular mech.Rn.ism(s) remains lo be elucidatcd, the distinct 

specificitie.s of histone acetyltransferases (and deacetylases) suggest differential functions 

in thc transcriptional regulation. 

Ycast Gcn5p, initially identified as a transcriptional co-activator is a histone 

acetyltraosferase required for activarion of severa! unrelated gene.sl.2. Previous works3.4 

have described that ycast i-ecombinaot Gcn5p acetylates only lysine 14 in histone H3 . 

Contrary to these reports, our results demonstrate that yeast rGcn5 alone modifies 

sequentially severa! lysine residues in rhe N-terminal tail of 'H3 in the abscnce of any 

escort protein. Microsequencing analyses indicate that rGcnSp acetylates l<:ey lysine 

residues in thc following order: Lys 14, 9 and 18. 

Multiacetylation by yeast rGcn5p was observed using cbickcn and yeasl: core 

histones, isolated H3, and H3(1-50) peptide. Interestingly. when a synthetic peptide 

corresponding to amino acids 1-26 of H3 was used as a substrate, polyacetylation did not 

occur. 

Wc propase rhrec explanations why multiple acctylatioo has not bcen detected in 

previous studies. Ourobservation that rGcn5p acetyiatcs scquentially imply a cooperarive 

effect; acecylation of one lysine facilitatcs thc aretylation of another. An explanation for 

this effect may be structural chaoges within rhe histone tails occur upon acetylation, 

allowing the rccognition of another lysine residue. 

REFERENCES 

1- Brownell, J. E., Zhou, J .• Ranalli , T., Kobayashi, R., Edmondson, D.G., Roth, S. 
Y. &Allis, C.D. Cell84, 843-&51 (19%) , 

2- Kuo, M-H., Zhou, J., Jambeck, P. , Churchhill, M. E. A.&AIIis, D. C. Genes Dé'';, 
12,627-639(1998) . . . 

3- Kuo, M .-H., Browndl. J. E., Sobe!, R. E., Ranalli. T. A., Cook, R. G., 
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Identification of a plant protein motif with similarity to the mammalian 
methyl-CpG binding domain. 

Susan Tweedie. Richard Waites. Brian Hendrich. Andrew Hudson and 
Adrian Bird 

DNA methylation is associated with transcriptional repression in both plant 
and animal genomes. Methylation is essential for mouse development and 
mutant Arabidopsis with reduced levels of methylation show pleiotropic 
developmental defects. To what extent are the functions ofmethylation and · 
the mechanism of its action conserved between plants and animals? To 
address this question, we are particularly interested in the proteins that bind 
to methylated sequences since these are, toa large extent, the mediators of 
methylation dependent transcriptional silencing. MeCP2 was the first 
mammalian methyl-CpG binding protein for which the gene was cloned and 
it was shown to be a chromosomal protein capable of binding to a single 
methylated CpG pair. It is now clear that there is a family of such proteins in 
mammals with distinct binding properties but sharing a related domain that 

. is crucial for methylated DNA binding. Both MeCP2 and the second family 
member, MBDl, are transcriptional repressors and recently MeCP2 was 
shown to interact with a histone deacetlyase complex suggesting that the 
processes of deacetylation and methylation co-operate to silence transcription. 

We ha ve identified a set of cDNAs from Arabidopsis, Antirrhinum, maize and 
rice that encocle proteins with homology to the methylated DNA binding 
domains of MeCP2 and MBDl. Homology, both between the four plant 
proteins and with the mammalian proteins, is confined to this domain. 
Although identity is quite low the matches look significant. For example, 
comparing the same 55 amino acids, we find that MBDl is as similar to the 
maize methyl-CpG binding domain-like sequence (53%) as it is to MeCP2. 
Overall, the four plant protein sequences share a similar bipartite structure 
with the conserved basic methyl-CpG binding-like region at the N-terminus 
andan species specific acidic e-terminal region. 

We are in the process of testing these proteins for functional conservation by 
assessing any DNA binding specificity. Expression of the Antirrhinum gene 
(AmMBD) is confined to meristematic cells and emerging lateral organs with 
no expression in terminally differentiated cells, a pattem consistent with sorne 
of the abnormalities observed in methylation deficient Arabidopsis. However, 
expression of mouse MeCP2 and Mbd1 is negligible in undifferentiated stem 
cells (ES cells) but is up-regulated on differentiation and the expression 
patterns appear to be essentially that of "housekeeping" genes since the genes 
are on in all cell types. While we cannot make direct comparisons between 
plant and animal development, the contrasting expression patterns point to 
different roles for the plant and animal proteins. 

We are currently investigating the function of the plant proteins by over­
expression of sense and anti-sense MBD constructs in Arabidopsis and 
screening for transposon insertion mutants in Antirrhinum. 
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Seed specific expression: tné; :: ro:le of bZJP :and DOF 
factors in the activation of pt-ólar{rin gene prornoters 

, Vicente-carbajosa J., Ofiate L, Mena M.;.,.Mó:Ose s :~ ""Schniidt. R.;and ·CarbOnero p_ 

Dep_ Bioquímica y BioL Molecular_ ETSI Agi:(,~ : qrilos. 
·{)otversfdad Politecnica_ 2-8040 ·Maddd. SPAiN · 

*Dep of Biology. University of California· S~.n \ l)iego : : 
9500 Gilman D'rive. La Jolla •. CA 9Z09'3~ . USA · 

·.Prolamins are ·the ·major -seed ,,Stp~ prot-cins ·Of cereal$.. They 
are specifically expressed in tbe: :·.<Jeveloping endosperm and 
regutated in a temporal fashron/'.lliettsi've charactedzation of 
prolamín genes revealed conser\l~ ': (t:f!1ótives in their promoters, 
which are. b.ound-by nuclear · proteii)~ : -§P,edfic to the .seed. One of 
such. motives is .. the .. endosper.m : :J~c)X)· a bipar:tite. elemen.t that 
confers tissue specificíty and coiíta(ns bíndíng sítes for bZTP 
.factors jn -.el ose v.ecinity to .a ·h43bJk' c,ónserv.ed .sequen ce c.alled 
the prolamin box. We have cloneq ': ~árid characterized _a prolamin 
box bindíng factor that · helongs · . ~<i' : t.i'te recentfy-. deScribed · DOF 
famity of zinc-fingers, and fs ::;, ~p:ectfically expressed . in . the 
s.eed. Results wifl be .. preseri~(t ~ - tirr .the protein-protein and 
protein-DNA inter:aations on the.:-, endosperm .. box and .. their. 
relevance ín the actívation of prolarriin .genes 

1' .... 

' ; -~ 1 l '. ; 
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Clonality of varieeated transeene expression in the mouse mammary ¡:land. 

Beta-lactoglobulin (BLG) is the main whey protein in rurrúnant rrúlk. Mice carrying ovine 
BLG transgenes are expressed in the rnammary gland and secrete BLG protein into their 
milk (Simons et al., 1987). Furthermore, this promoter can direct high-level expression of 
heterologous proteins in transgenic livestock (Wright et al., 1992; Wilmut and Whitelaw, 
1994 ). Genomic BLG transgenes are expressed efficiently in transgenic mi ce, with 
expression observed in alllines generated at a level related to transgene copy-number 

: '(Whitelaw et al., 1992). Nevertheless, in sorne lines variable expression patterns was 
observed between siblings. On further analysis this variablity was shown to occur at the 
cellular leve!, with sorne cells expressing the transgene and others not. Endogenous mouse 
milk protien genes, e.g. B-casein, are homogeneously expressed in the lactating gland. This 
variegated expression profile was not due to transgene rearrangements in these lines nor 
was il dueto genetic background, as shown by back~ross experiments but was more 
prevalnt in high transgene copy-number integrants. Interestingly, in two lines which 
displayed varigated transgene expression the transgene was shown to integrated near to a 
centromere, allowing parallels with position-effect variation (PEV) in Drosophila to be 
drawn. From this initial analysis it was concluded that the mosiac expression pattern 
appears to correlate with chromosmal si te of integration and/or copy-number (Dobie et al., 
1996). As part of our on going analysis of this phenomenom we wish to know if mosaic 
pattems of transgene expression reflect clona! expansion from committed progenitors. 
Although the clustering of expressing and non-expressing cells within the mammary gland 

· is most suggestive of clona! expansion, we can not rule out other possibilities. For 
instance, cell-cell interactions could plausibly regulate transgene expression. In an attempt 
to determine the relationship with clona! expansion, we are generating transgenic mice 
harbouring an X-linked LacZ transgene and a variegating BLG transgene. Analysis of co­
incidence of B-gal and BLG expression in these mice will hopefully shed sorne light on the 
clonality of variegated transgene expression in the mouse mammary gland. 

Dobie, K.W., Lee, M., Fantes, J.A., Graharn, E., Clark, A.J., Springbett, S., Lathe, R., and 
McClenaghan, M. (1996) Proc. Natl. Actul. Sci. USA 93, 6659-6664. 

Simons, J.P., McClenaghan, M., and Clark, A.J. (1987) Nature 328, 530-532. 
Whitclaw, C.B.A., Garris, S., McClenagahn, M., Simons, J.P., and Clark, A.J. (1992) Biochem. J. 286. 

31-39. 
Wilmul. !., and Whitelaw, C.B.A. (1994) Reprod. Fertil. Dev. 6, 625-630. 
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Cell Survival Factors in Vertebrate 
Development. 
Organizers: M. C. Raff and F. de Pablo. 

32 Workshop on Chromatin Structure 
and Gene Expression. 
Organizers: F. Azorín , M. Beato andA. P. 
Wolffe . 

33 Workshop on Molecular Mechanisms 
of Synaptic Function. 
Organizers: J . Lerma and P. H. Seeburg. 

34 Workshop on Computational Approa­
ches in the Analysis and Engineering 
of Proteins. 
Organizers: F. S. Avilés, M. Billeter and 
E. Querol. 

35 Workshop on Signal Transduction 
Pathways Essential for Yeast Morpho­
genesis and Celllntegrity. 
Organizers: M. Snyder and C. Nombela. 

36 Workshop on Flower Development. 
Organizers : E. Coen, Zs. Schwarz­
Sommer and J. P. Beltrán. 

37 Workshop on Cellular and Molecular 
Mechanism in Behaviour. 
Organizers: M. Heisenberg and A. 
Ferrús. 

38 Workshop on lmmunodeficiencies of 
Genetic Origin. 
Organizers: A. Fischer and A. Arnaiz­
Villena. 

39 Workshop on Molecular Basis for 
Biodegradation of Pollutants. 
Organizers: K. N. Timmis and J. L. 
Ramos. 

40 Workshop on Nuclear Oncogenes and 
Transcription Factors in Hemato­
poietic Cells. 
Organizers: J. León and R. Eisenman. 

Instituto Juan March (Madrid)



41 Workshop on Three-Dimensional 
Structure of Biological Macromole­
cules. 
Organizers: T. L Blundell , M. Martínez­
Ripoll, M. Rico and J. M. Mato. 

42 Workshop on Structure, Function and 
Controls in Microbial Division. 
Organizers: M. Vicente, L. Rothfield and J. 
A. Ayala. 

43 Workshop on Molecular Biology and 
Pathophysiology of Nitric Oxide. 
Organizers: S. Lamas and T. Michel. 

44 Workshop on Selective Gene Activa­
tion by Cell Type Specific Transcription 
Factors. 
Organizers : M. Karin, R. Di Lauro, P. 
Santisteban and J. L. Castrillo. 

45 Workshop on NK Cell Receptors and 
Recognition of the Major Histo­
compatibility Complex Antigens. 
Organizers: J. Strominger, L. Moretta and 
M. López-Botet. 

46 Workshop on Molecular Mechanisms 
lnvolved in Epithelial Cell Differentiation. 
Organizers: H. Beug, A. Zweibaum and F. 
X. Real. 

47 Workshop on Switching Transcription 
in Development. 
Organizers: B. Lewin, M. Beato and J. 
Modolell. 

48 Workshop on G-Proteins: Structural 
Features and Their lnvolvement in the 
Regulation of Cell Growth. 
Organizers: B. F. C. Clark and J. C. Lacal. 

49 Workshop on Transcriptional Regula­
tion at a Distance. 
Organizers: W. Schaffner, V. de Lorenzo 
and J. Pérez-Martín. 

50 Workshop on From Transcript to 
Protein: mANA Processing, Transport 
and Translation. 
Organizers: l. W. Mattaj, J. Ortín and J. 
Valcárcel. 

Out of Stock. 

51 Workshop on Mechanisms of Ex­
pression and Function of MHC Class 11 
Molecules. 
Organizers: B. Mach and A. Celada. 

52 Workshop on Enzymology of DNA­
Strand Transfer Mechanisms. 
Organizers: E. Lanka and F. de la Cruz. 

53 Workshop on Vascular Endothelium 
and Regulation of Leukocyte Traffic. 
Organizers: T. A. Springer and M. O. de 
Landázuri . 

54 Workshop on Cytokines in lnfectious 
Diseases. 
Organizers: A. Sher, M. Fresno and L. 
Rivas. 

55 Workshop on Molecular Biology of 
Skin and Skin Diseases. 
Organizers: D. R. Roop and J. L. Jorcano. 

56 Workshop on Programmed Cell Death 
in the Developing Nervous System. 
Organizers : R. W. Oppenheim , E. M. 
Johnson and J. X. Comella. 

57 Workshop on NF-KBIIKB Proteins. Their 
Role in Cell Growth, Differentiation and 
Development. 
Organizers: R. Bravo and P. S. Lazo. 

58 Workshop on Chromosome Behaviour: 
The Structure and Function of Tela­
meres and Centromeres. 
Organizers: B. J. Trask, C. Tyler-Smith, F. 
Azorín andA. Villasante. 

59 Workshop on ANA Viral Quasispecies. 
Organizers: S. Wain-Hobson, E. Domingo 
and C. López Galíndez. 

60 Workshop on Abscisic Acid Signal 
Transduction in Plants. 
Organizers: R. S. Quatrano and M. 
Pagas. 

61 Workshop on Oxygen Regulation of 
Ion Channels and Gene Expression. 
Organizers: E. K. Weir and J. López­
Barneo. 

62 1996 Annual Report 
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63 Workshop on TGF-~ Signalling in 
Development and Cell Cycle Control. 
Organizers: J. Massagué and C. Bemabéu. 

64 Workshop on Novel Biocatalysts. 
Organizers : S. J . Benkovic and A. Ba­
llesteros. 

65 Workshop on Signal Transduction in 
Neuronal Development and Recogni­
tion. 
Organizers: M. Barbacid and D. Pulido. 

66 Workshop on 100th Meeting: Biology at 
the Edge of the Next Century. 
Organizer : Centre for lnternational 
Meetings on Biology, Madrid. 

67 Workshop on Membrane Fusion. 
Organizers: V. Malhotra and A. Velasco. 

68 Workshop on DNA Repair and Genome 
lnstability. 
Organizers: T. lindahl and C. Pueyo. 

69 Advanced course on Biochemistry and 
Molecular Biology of Non-Conventional 
Yeasts. 
Organizers: C. Gancedo, J. M. Siverio and 
J . M. Cregg. 

70 Workshop on Principies of Neural 
lntegration. 
Organizers: C. D. Gilbert, G. Gasic and C. 
Acuña. 

71 Workshop on Programmed Gene 
Rearrangement: Site-Specific Recom­
bination. 
Organizers: J . C. Alonso and N. D. F. 
Grindley. 

72 Workshop on Plant Morphogenesis. 
Organizers: M. Van Montagu and J . L. 
Mi col. 

73 Workshop on Development and Evo­
lution. 
Organizers: G. Morata and W. J . Gehring. 

74 Workshop on Plant Viroids and Viroid­
Like Satellite RNAs from Plants, 
Animals and Fungi. 
Organizers: R. Flores and H. L. Sanger. 

• · Out of Stock. 

75 1997 Annual Report. 

76 Workshop on lnitiation of Replication 
in Prokaryotic Extrachromosomal 
Elements. 
Organizers: M. Espinosa, R. Díaz-Orejas, 
D. K. Chattoraj and E. G. H. Wagner. 

77 Workshop on Mechanisms lnvolved in 
Visual Perception. 
Organizers: J . Cudeiro and A. M. Sillito. 

78 Workshop on Notch/Lin-12 Signalling. 
Organizers: A. Martínez Arias, J . Modolell 
and S. Campuzano. 

79 Workshop on Membrane Protein 
lnsertion, Folding and Dynamics. 
Organizers: J . L. R. Arrondo, F. M. Goñi, 
B. De Kruijff and B. A. Wallace. 

80 Workshop on Plasmodesmata and 
Transport of Plant Viruses and Plant 
Macromolecules. 
Organizers : F . García-Arenal, K . J . 
Oparka and P.Palukaitis. 

81 Workshop on Cellular Regulatory 
Mechanisms: Choices, Time and Space. 
Organizers: P. Nurse and S. Moreno. 

82 Workshop on Wiring the Brain: Mecha­
nisms that Control the Generation of 
Neural Specificity. 
Organizers : C. S . Goodman and R. 
Gallego. 

83 Workshop on Bacteria! Transcription 
Factors lnvolved in Global Regulation. 
Organizers: A. lshihama, R. Kolter and M. 
Vicente. 

84 Workshop on Nitric Oxide: From Disco­
very to the Clinic. 
Organizers: S. Moneada and S. Lamas. 
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The Centre for International Meetings on Biology 
was created within the 

Instituto Juan March de Estudios e Investigaciones, 
a private 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 1989 through 1997, a 
total of 109 meetings and 9 

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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Th e /ectures summarized in this ¡mblication 
were presented by their authors at a workshop 
held on th e 5rh through the 71h ofOctober, !998, 
al the Instituto Juan Ma rch. 

Al/ published articles are exact 
reproduction of author's text. 

There is a limited edition o{450 copies 
of tllis vo/unre, avai/ab/e fi'ee of charge. 


