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                       Members of the caspase family of cysteine proteases play essential roles in the disintegration of


                       cellular architecture during apoptosis. Caspases have been grouped into subfamilies according to


                       their preferred cleavage sites, with the "apoptotic executioner" caspase-3 as the prototype of


                       DEXD-dependent proteases. We show here that caspase-3 is more tolerant to variations of the


                       cleavage site than previously anticipated and present an example of a noncanonical recognition


                       site that is efficiently cleaved by caspase-3 in vitro and in vivo. The new cleavage site was


                       identified in human scaffold attachment factor A, one of the major scaffold attachment region


                       DNA-binding proteins of human cells thought to be involved in nuclear architecture by fastening


                       chromatin loops to a proteinaceous nuclear skeleton, the so-called nuclear matrix or scaffold.


                       Using an amino-terminal recombinant construct of scaffold attachment factor A and recombinant


                       caspase-3, we have mapped the cleavage site by matrix-assisted laser desorption ionization/time


                       of flight mass spectrometry and Edman sequencing. We find that cleavage occurs after Asp-100


                       in a sequence context (SALD) that does not conform to the hitherto accepted DEXD consensus


                       sequence of caspase-3. A point mutation, D100A, abrogates cleavage by recombinant


                       caspase-3 in vitro and during apoptosis in vivo, confirming SALD as a novel caspase-3 cleavage


                       site.
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                       A two-hybrid screening in yeast for proteins interacting with the human hnRNP A1, yielded a


                       nuclear protein of 917 amino acids that we termed hnRNP A1 associated protein (HAP). HAP


                       contains an RNA binding domain (RBD) flanked by a negatively charged domain and by an


                       S/K-R/E-rich region. In in vitro pull-down assays, HAP interacts with hnRNP A1, through its


                       S/K-R/E-rich region, and with several other hnRNPs. HAP was found to be identical to the


                       previously described Scaffold Attachment Factor B (SAF-B) and to HET, a transcriptional


                       regulator of the Heat Shock Protein 27 gene. We show that HAP is a bona fide hnRNP protein,


                       since anti-HAP antibodies immunoprecipitate from HeLa cell nucleoplasm the complete set of


                       hnRNP proteins. Unlike most hnRNP proteins, the subnuclear distribution of HAP is profoundly


                       modified in heat-shocked HeLa cells. Heat-shock treatment at 42 degrees C causes a


                       transcription-dependent recruitment of HAP to a few large nuclear granules that exactly coincide


                       with sites of accumulation of Heat Shock Factor 1 (HSF1). The recruitment of HAP to the


                       granules is temporally delayed with respect to HSF1 and persists for a longer time during


                       recovery at 37 degrees C. The hnRNP complexes immunoprecipitated from nucleoplasm of


                       heat-shocked cells with anti-HAP antibodies have an altered protein composition with respect to


                       canonical complexes. Altogether our results suggest an involvement of HAP in the cellular


                       response to heat shock, possibly at the RNA metabolism level.
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                       Interphase chromatin is arranged into topologically separated domains comprising gene


                       expression and replication units through genomic sequence elements, so-called MAR or SAR


                       regions (for matrix- or scaffold-associating regions). S/MAR regions are located near the


                       boundaries of actively transcribed genes and were shown to influence their activity. We show that


                       scaffold attachment factor B (SAF-B), which specifically binds to S/MAR regions, interacts with


                       RNA polymerase II (RNA pol II) and a subset of serine-/arginine-rich RNA processing factors


                       (SR proteins). SAF-B localized to the nucleus in a speckled pattern that coincided with the


                       distribution of the SR protein SC35. Furthermore, we show that overexpressed SAF-B induced


                       an increase of the 10S splice product using an E1A reporter gene and repressed the activity of an


                       S/MAR flanked CAT reporter gene construct in vivo . This indicates an association of SAF-B


                       with SR proteins and components of the transcription machinery. Our results describe the


                       coupling of a chromatin organizing S/MAR element with transcription and pre-mRNA processing


                       components and we propose that SAF-B serves as a molecular base to assemble a


                       'transcriptosome complex' in the vicinity of actively transcribed genes.
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                       The scaffold attachment factor A (SAF-A) is an abundant component of the nuclear scaffold and


                       of chromatin, and also occurs in heterogeneous nuclear ribonucleoprotein (hnRNP) complexes.


                       Evidence from previous experiments had suggested that SAF-A most likely has at least two


                       different functions, being involved both in nuclear architecture and RNA metabolism. We now


                       show that the protein has a novel scaffold-associated region (SAR)-specific bipartite


                       DNA-binding domain which is independent from the previously identified RNA-binding domain,


                       the RGG box. During apoptosis, but not during necrosis, SAF-A is cleaved in a


                       caspase-dependent way. Cleavage occurs within the bipartite DNA-binding domain, resulting in


                       a loss of DNA-binding activity and a concomitant detachment of SAF-A from nuclear structural


                       sites. On the other hand, cleavage does not compromise the association of SAF-A with hnRNP


                       complexes, indicating that the function of SAF-A in RNA metabolism is not affected in apoptosis.


                       Our results suggest that detachment of SAF-A from SARs, caused by apoptotic proteolysis of its


                       DNA-binding domain, is linked to the formation of oligonucleosomal-sized DNA fragments and


                       could therefore contribute to nuclear breakdown in apoptotic cells.
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                       The protein heterogeneous nuclear ribonucleoprotein U (hnRNP-U, also known as scaffold


                       attachment factor A, SAF-A) is an abundant component of hnRNP particles and of the nuclear


                       matrix. Previous experiments have demonstrated that, in vitro, hnRNP-U specifically binds to


                       scaffold/matrix attachment (S/MAR) region DNA elements and could thus be involved in higher


                       order chromatin structure. In this paper we report on the use of chemical cross-linking to


                       investigate whether the protein is also bound to DNA in vivo, which is a prerequisite for its


                       presumed function in chromatin loop formation. We have improved published methods for


                       cross-linking proteins to DNA with the aim to minimize unspecific fixation and possible


                       contamination with RNA binding proteins. Our protocol is based on a limited cross-linking of


                       living human cells with formaldehyde, followed by the purification of DNA/protein complexes by


                       two consecutive cesium chloride density gradient centrifugations. Analysis of the protein


                       constituents of these complexes shows a specific subset of cross-linked proteins with the histones


                       as major components. By western blotting, we demonstrate that hnRNP-U is efficiently


                       cross-linked to DNA under experimental conditions that yield DNA/protein complexes with a


                       buoyant density equivalent to that of native chromatin. Dimethylsulfate cross-linking and limited


                       protease digestion of the complexes was used to establish that hnRNP-U is bound directly to


                       DNA and not via cross-linking to other proteins. This is the first direct demonstration of the in


                       vivo DNA binding of a S/MAR specific protein and suggests a structural role of hnRNP-U in


                       chromatin organization.
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                       We have purified to near homogeneity a novel nuclear protein from HeLa cells, that specifically


                       binds to scaffold or matrix attachment region DNA elements (S/MAR DNA). The protein,


                       designated SAF-B for scaffold attachment factor B, is an abundant component of chromatin, but


                       not of the nuclear matrix and is expressed in all human tissues investigated. Antibodies against the


                       purified protein were raised in rabbit and used to isolate the complete cDNA encoding SAF-B


                       by immunoscreening. As predicted from the cDNA sequence, SAF-B contains 849 amino acids


                       (96 696 Da), without significant homology to any known protein. SAF-B is rich in charged


                       residues, leading to an aberrant migration on SDS gels, and has two putative bipartite nuclear


                       localisation signals.
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                       The scaffold attachment factor A (SAF-A; Romig et al., 1992), a human nuclear protein which


                       specifically binds vertebrate SAR (scaffold attached region) DNA, is identical with hnRNP-U


                       (Kiledjian & Dreyfuss, 1992). In this paper, we report on the purification of two forms of this


                       protein that can be chromatographically separated. We show that the purified proteins represent


                       two isoforms, form 1 and form 2 hnRNP-U, which differ in their primary structure. Both isoforms


                       bind to double- and single-stranded DNA and RNA. In addition, they form higher ordered


                       nucleic acid/protein complexes and specifically bind and aggregate the human SAR element MII


                       at physiological ionic strengths. Electron microscopic analysis shows that the isoforms differ from


                       each other, as form 1 hnRNP-U aggregates into long unbranched filamentous protein/DNA


                       complexes whereas form 2 hnRNP-U aggregates as spheres with an average diameter of 35 nm.
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                       Scaffold attachment factor A (SAF-A; Romig et al. (1992) EMBO J. 11, 3431-3440) is a


                       human nuclear protein with high affinity for SAR DNA (scaffold attached region; Laemmli et al.


                       (1992) Curr. Opin. Cell. Biol. 2, 275-285). We isolated and sequenced two classes of cDNA


                       clones coding for SAF-A and found that their coding sequences are identical with the coding


                       sequence of hnRNP-U (Kiledjian and Dreyfuss (1992) EMBO J. 11, 2655-2664). The two


                       classes of cDNA clones differ, however, in the length of their 3' untranslated region and result


                       from the use of two different polyadenylation signals. This is consistent with Northern blotting


                       experiments which show that two mRNAs with a length of 3.9 kb and 3.1 kb, respectively, exist


                       in human cells. Using selective cDNA fragments as probes we show that the shorter mRNA


                       lacks 800 nucleotides of the untranslated 3' end.
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                       We identified four proteins in nuclear extracts from HeLa cells which specifically bind to a


                       scaffold attachment region (SAR) element from the human genome. Of these four proteins,


                       SAF-A (scaffold attachment factor A), shows the highest affinity for several homologous and


                       heterologous SAR elements from vertebrate cells. SAF-A is an abundant nuclear protein and a


                       constituent of the nuclear matrix and scaffold. The homogeneously purified protein is a novel


                       double stranded DNA binding protein with an apparent molecular weight of 120 kDa. SAF-A


                       binds at multiple sites to the human SAR element; competition studies with synthetic


                       polynucleotides indicate that these sites most probably reside in the multitude of A/T-stretches


                       which are distributed throughout this element. In addition we show by electron microscopy that


                       the protein forms large aggregates and mediates the formation of looped DNA structures.
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