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INTRODUCTION 

The discovery of enhancer elements about one dozen years ago has been one of the major 

landmarks in modem Molecular Biology. The notion that discrete DNA sequences and cognate 

DNA-binding ¡iroteins can control the activity of promoters located at considerable distances has 

provided the key to understand the molecular basis of major biological phenomena such as 

ti ssue- related gene expression as well as thc organization of complex regulatory cascades in 

devclopmcntal systems. The last few years ha ve witncssed an arnazing progress in the analysis of 

thc various components which account for activation at distance, in particular the nature of the 

rcgulatory protcins and aux.iliary factors in volved. 

From thc information available at thc moment , we know that ci.s-ac ting regulatory elements of 

cukaryotic genes include promoter seq ucnces located around the transcription initiation site and 

enhancer sequences located fanher away. A promoter often consists of an initiator sequence, a 

TATA box and one or more upstream sequences where regulatory proteins can bind. Transcription 

initiation by RNA polymerase 11 involves the assembly of a multifactor complcx at the TATA box 

and initiation si te. While the promoter is the assembly si te of the preinitiation complex, enhancers 

confer additional regulatory informati on (i.e. ce ll -type specificity) to the promoter. Eukaryotic 

transcription factors are divided, in one hand , into the general transcriptionfactors, which bind to 

comm on motifs (TATA box, initiator motif) and constitute the preiniti ation complex, and the 

sequence-specijic transcription factors which bind to upstrearn promoter or enhancer elements. On 

the other hand , sequence-specific transcription factors are thought to influence the rate of 

transcription initiation by interacting with the general transcription factors , RNA polymerase II and 

chromatin components. The main features of a sequence-specific transcription factor include the 

DNA-binding domain, the nuclear local ization signa! and the transactivation domain. A common 

(and somewhat nai"ve) view of the process assumes that once the initiation complex is assembled, 

the collection uf transcription factors create a constellation of protein-protein interactions that, 

through a largely undisclosed mcchanism, enablcs thc polymerasc to initiate transcription. On top 

of this, the pivotal role of chromatin and chromatin-associatcd proteins in transcriptional control is 

becoming an emerging (and expanding) issue in nearly every system where its role has been 

examined. 

Needless to say that these views are undcr permanent challenge, since new factors and 

mechanisms are coming into play, mostly from research on transcriptional regulation in yeasts and 

Drosophila. These two experimental systems are the best beneficiaries at the power of the 

genetics that can be applied to solve otherwise intractable questions. Complex issues on the 

mechanism of transcription initiation by RNA polymerase II (for example, recruitment of the 
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holoenzyme to the promoter mediated by transcriptional factors) are amenable to experimental 

scrutiny, to this da y, almost exclusively through genetic means. In addition to the reverse genetics 

with mammalian cell cultures and the increasing availability of transgenic animals, yeast genetics 

has become the major driving force to raise a wealth of opportunities for fundamental explorations 

into the mechariisms of transcription in eukaryotes. One example is the control of the mating types 

of S. cerevisiae, one of the most complex -and most fascinating, paradigms of regulation of gene 

expression in the biological world. Similarly, the study of novel elements such as the chromatin 

insulators of Drosophila that inhibit the function of enhancers, is greatly facilitated in systems with 

a good repertoire of tools for genetic analysis. 

What was believed to be distinct of eukaryotic promoters happens to occur also in prokaryotic 

systems. A number of observations made in the mid-80s in the Laboratory of B. Magasanik on 

regulation of nitrogen-starvation systems of Escherichia coli, notably the glnAp2 promoter and its 

cognate regulator, the protein NRI (widely know by its altemative name, NtrC), indicated that 

remote transcriptional control was not a privilege of higher cells. glnAp2 tumed out to be the 

prototype of a novel class of promoters depending on the altemative a54 factor. These are unique 

in that they are activated at a distance by specific regulators bound to upstream , enhancer-like 

sequences (UAS). These unusual properties are to be explained by the eukaryotic-like structure of 

the a54 factor itself and that of the cognate regulatory proteins. In a subset of a54-dependent 

promoters, a binding site for the histone-like protein IHF si te is found between the binding si tes of 

the RNAP-a54 holoenzyme and the UAS. The major (but perhaps not the sole) role of IHF as 

co-activator in the a54_promoters is believed to assist formation of a DNA loop or even a 

nucleoprotein complex to stabilize contacts between the RNAP and the activator protein bound to 

the UAS. There is also an increasing evidence that other prokaryotic histone-like proteins (such as 

HU) play a role in the assembly of the transcription initiation complex. 

Although a54_dependent promoters are the most extensively studied case of activation at 

distance in prokaryots, other systems are subjected also to transcriptional control by regulatory 

devices placed at distant sites. A notable case is that of the T4 enhancer, in which tracking (and not 

looping) of the replication protein accounts for the effect of distant sites in transcription initiation. 

Repression at a distance is also a well known phenomenon in prokaryotic systems : early 

observations can be traced back to the late 70s in the work by Bob Schleif on the arabinose (ara) 

operon of E. coli. In spite of having been studied for over two decades, the ara system seems to 

be a permanent source of surprises to this day -and surely the best documented case of remote 

negative control in bacteria. 

What lessons can the prokaryotic systems leam from the more complex eukaryotic promoters 
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and vice versa? Perhaps activation at a distance is a general evolutionary strategy to integrate 

multiple signals for the control of a single prometer. The architecture of sorne bacteria] promoters 

subjected to distant control m ay therefore be better understood in light of its evolutionary history 

and not on the basis of an strict necessity for such a complex setup. An interesting lesson that 

comes from thc prokaryotic side is that DNA structures play an active role in such signa/ 

integration, instead of being just docking si tes for transcription factors. It seems to be true al so for 

sorne prokaryotic systems (those dependent of cr5 4 ) that the assembly of an upstream 

nucleoprotein complex gives rise toan enzymatic activity that is not present in the non-assembled 

components of the complex, an issue rarely examined in eukaryotic promoters. 

In summary, it appears that, in spite of the intrinsic differences in the mechanism of activation of 

prokaryotic and eukaryotic systems subjected to remole control, various common themes will help 

to gain a better insight in the general biological problem of transcriptional control. 

Walter Schaffner 

José Pérez-Marún 

Vfctor de Lorenzo 
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THE ROLE OF DNA STRUCTURE IN TRANSCRIPTION 
ACTJVATION OF NR,-PHOSPHATE 

BORIS MAGASANIK 

Acúvation of transcnpuon at the ~-dependent promoters glnAp2 and glnHp2 of 
Escherichia coli is greatly enhanced by NR1-phosphate bound to two enhancers locared 
more than 100 bp upsrream from the transcriptional stan site. Binding to these sites 
facilitates the olígomerization of the dímeric NR1-phosphate that enables it to sen'e as 
transcriptional activator. These sites can be replaced by sequence-<iependent superhelical 
ínserts lacking any homology to the nucleotide sequence of enhancers. Apparently, the 
three-dimensíonal structure of the DNA can determine its affinity for the activator protein. 

In contraSt to glnAp2, glnllp2 contains a bínding site for JHF located between the 
enhancers and the promoter. Experirnents with linear DNA revealed that transcription can 
be ínitiated at glnAp2, but not at glnHp2. I.nítiation of transcription at glnHp2 on linear, 
but not on supercoiled DNA requires the presence of lliF or HU, proteins wíthout effect 
on transcription initiation at g/nAp2. Additional experiments presemed in a poster by 
Carmona and Magasanik identify the DNA region between enhancers and promoters at the 
cri.tical determinan! of transcription initiation at c:f ~ -dependem promoters. 
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Mark Ptashne. 

"Molecular Mechanisms of Gene Regulation" 

In the first part of my talk 1 will address two questions relevant to our understanding of the 
mechanism by which transcriptional activators work. These questions are: what is/are the 
targets oftranscriptional activating regions; and, how does the activating region-target 
interaction trigger gene activation? 1 will begin with the second ofthese questions. 

In 1990, we (Himrnelfarb et al., 1990) described a mutant strain of yeast in which, as we la ter 
showed, a fragment ofthe yeast activator Gal4lacking any classical activating region 
nevertheless works as a strong transcriptional activator (Barberis et al., 1995). In this mutant 
strain the dimerization region ofGal4 (residues 58-97) works as a strong activator when 
tethered to DNA by fusion toa DNA binding domain. The mutant yeast strain (called 
Gall!P-potentiator) bears a single arnino acid change (Asn Ile) at position 342 ofthe protein 
Galll. Using surface plasman resonance we showed that fragments ofGal4 bearing residues 
58-97 bind to GaliiP, and that these peptides have no detectable affinity for wild type Galll. 
Substituting other hydrophobic residues at position 342 of Galll (thr or val) produces two 
additional GalllP alleles, and the relative strength ofthe interaction with Gal4 (58-97) 
predicts the relative transcriptional activating activity ofDNA-tethered Gal4 (58-97) in these 
three strains. Mutants ofGal4 (58-97) that interact more or less avidly with Gall IP actívate 
more or less well in vivo, respectively. 

These and other results indicate that we ha ve identified a specific protein-protein interaction 
that triggers gene activation. The additional fact (Barberis et al., 1995) that Galll is found 
exclusively as part ofthe RNA polymerase II holoenzyme suggests that recruitment ofthe 
holoenzyrne to DNA suffices to trigger gene activation. I will discuss additional results that 
reinforce that conclusion, including: a) Fusion ofLexA to Galll creates a particularly 
powerful activator; b) Fusion ofLexA to another holoenzyme component (SRB2) also 
creates an activator; in this case, the mutant form of SRB2 described by Koleske et al. ( 1992) 
activates more efficiently than does the wild type (fused to LexA) when tested in a strain 
bearing a partial deletion of the carboxyl terminal tail of polymerase; e) a fragment of Galll P 
encompassing residue 342 fu sed to a DNA binding domain, works as a strong activator in a 
strain bearing the carboxyl part ofGalll (that which inserts into the holoenzyme) fused to 
Gal4(58-97); in this case no activation is observed ifthe Galll fragment bears the wild type 
residue (Asn) at position 342; d) the activation described in (e) is "squelched" by 
overproduction ofresidues (58-97) in the yeast cells, but activation by a classical yeast 
activator (GCN4) is unaffected. · 

Various experiments indicate that Galll is not the target of any natural activating region. The 
mutation creating the interaction with Gal4(58-97) is evidently entirely fortuitous. These 
considerations suggest that contact between any site on the holoenzyme surface and a DNA
bound rnolecule would trigger gene activation. 

I now tum to the first ofthe two questions posed above concerning the natural targets of 
activating regions. A plethora of activating region-target interactions has been described 
(Triezenberg, 1995), so many in fact that it has been difficult to determine which, if any, is 
relevant in vivo. We (Wu et al., 1996) have anaiyzed a 41 amino acid fragrnent (residues 840-
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881} taken from the predominant activating region ofGal4 (i .e., Region Il}. We tested this 
fragment and each of a variety of deletion and point mutants for their "activating potentials" as 
measured in vivo and in vitro: and, using SPR, we measured the affinity of each variant for a 
variety ofputative targets. In brief, we find a remarkable correlation between the affinity (K.J 
for TBP and TFIIB, and the activating potential; the affinity of Ga14(840-881) for other 
proteins tested (includingT AF40, lysozyme, SRB2, SRB5, TFIIE and hPC4} is at least ten fold 
lower than that for TBP and TFiffi . Moreover, the length ofthe activating region fragment 
correlates well with the affinity for the targets as well as with the activating potential. We also 
find an unexpected species specificity: yeast TBP binds about equally toa human (VP16) and 
a yeast activating region, whereas human TBP interacts more avidly with the human activating 
region. This difference predicts the relative efficiency with which the activators work when 
presented with yeastTBP or humanTBP in yeast as assayed with the altered specificity system 
of Strubin and Struhl (1992). These and other results argue strongly that TBP and TFim are 
bona fide targets of activating regions. We will discuss possible explanations for the linear 
relationship between the length ofthe activating region and the strength ofthe interaction with 
the identified targets. 

In collaboration with the laboratory ofW. Horz ofMunich, Germany, we have performed a 
series of experiments designed to ask whether activating regions are required for nucleosome 
removal (remodeling) at the Pho5 promoter ofyeast. We find that fusion ofGall1 to the 
DNA building domain ofPho4, the natural activator ofPho5, creates an activator that 
efficiently activates transcription and remove nucleosomes at the Pho5 promoter. Moreover, 
nucleosome removal (but not transcription) is observed even ifthe promoter bears a deletion 
of the TATA sequence. Pho4-Gall1 bears no traditional activating region, and so we 
conclude that recruitment ofthe holoenzyme, evento a promoter that cannot support 
transcription by virtue of a TATA deletion, suffices to remove nucleosomes. Further 
experiments pro be the role of the swi/snf complex in this example of nucleosome remo val. 
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Unlooping Potentiates Three Activation Mechanisms by AraC 

Robert Schleif 

The arabinose responsive regulatory protein AraC, in conjunction 
with the catabolite activator protein CAP, control expression from four 
promoters in Escherichia coli. In the absence of L-arabinose, transcription 
from the four promoters is low, and in the presence of arabinose, 
transcription is stimulated 100- to 300-fold. At the ara PBAD promoter in the 
absence of arabinose, one DNA binding domain of the dimeric AraC 
protein binds to the' polymerase-distal half of an AraC binding si te. The 
second DNA binding domain binds toa half-site 200 base pairs away. 
Upon the appearance of arabinose, the DNA looping which had been 
generated by AraC ceases, and one DNA binding domain relocates so that 
the protein now binds to the two half-sites alongside and partially 
overlapping the RNA polymerase binding site. In this binding state AraC 
protein stimulates transcription by increasing the affinity of RNA 
polymerase for the promoter, by accelerating the rate of conversion of a 
closed to open complex, and (more controversially), by preventing 
polymerase from binding to the promoter in an inactive and long-lived 
complex. 

Despite the fact that the arrangement of the CAP and AraC binding 
sites at the ara PaAD and ara FGH promoters differs, the basic transcription 
activation mechanisms at the two promoters are the same. 
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TRANSCRIPTIONAL ACilV ATION AND REPRESSION 
ATA DISTANCE 
Walter Schaffner, Institute of Molecular Biology (ll), University c1 Ziirich, 
Winterthurer Str. 190, CH-8057 Ztirich, Switzerland 

Sorne 15 years ago a phenomeooo wa.s described as the enhancer effoct whereby 
transcriptioo in rnammalian cells was activated over large distanres of thousands of 
basepairs, and independent of the orieotatioo of the a.ctivating "eohancer" DNA 
segment (Banerji et al., 1981 ; Moreau et al .• 1981). Originally described for viral 
control regions, an enhanoe.r was subsequently ideotified also in cell type-specific 
gene, namely in the second intron of immunoglobulin heavy chain genes (Banerji et 
al., 1983, Gillies et al., 1983). Many enhancers were isolated by means of "enhancer 
trap" selection (Weber et al., 1984; Bellen et al., 1989). In the mean time, enhancers 
have been identified in all classes of organisms. ootably in ma.mma.ls and insects 
(Drosophila), where they are crucial for the control of development and cell 
differentiation. One and the same gene can be under control of several enhancers that 
confer speclfic expression pattems in different stages and tissues. An enhancer is 
aften sorne 100-300 bp Ion¡ and represents an array of bindlng si tes for DNA
binding transcription factors which synergyze to actívate transcriptíon. While the 
exact mechanism of activation over large distances is not yet understood, a majar 
contribution seems to come from DNA looping, bringing remate activating sequences 
to promoter proximity (Müller et al., 1989, Wijngerde et al., 1995). 

In analogy to the positive effect on transcriptíon actívation over a distance there 
is also a silencing effect, original! y described by Nasmyth and colleagues in the yeast 
mating type locus (Brand et al., 1985). "Silencer" DNA segments have also been 
identified in mammals and insects, but often these DNAs and associated factors were 
only active ln the original context. Recently a negatívely actíng conserved domain 
(KRAB domain, related to leucine zipper) was identífied in a number of Cys2 HiS2 
zinc finger factors (Margolin et al., 1994, Pengue et al., 1994). When fused to the 
DNA binding domains af LexA and GAlA, we ha ve found thls domain to specifically 
silence an associated gene even over large distances. 
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The bacterlal enhancer·blnding proteln NtrC (nitrogen·regulatory proteln C) and 
senslng of nltrogen limitation In enteric bacteria 

Irene Rombel, Claire Wyman*, Timothy lkeda, Andrea Shauger, Dalai Yan, Carlos 
Bustarnante**, and Sydney Kustu 

Depts. of Plant and Molecular and Cell Biology, U. C. Berke\ey 
* Present address: Erasmus University, Rotterdam 
**Institute for Molecular Biology, University of Oregon 

The enhancer-binding protein NtrC activates transcription by catalyzing the isomerization 

of closed complexes between cr54-holoenzyme anda prometer to open complexes in a 
reaction that depends upon hydrolysis of ATP. We will present structural and functional 
evidence that the active form of NtrC is a phosphorylated oligomer which contains two 
dimers that are bound directly to the two binding si tes that constitute the enhancer and 
additionnl dimers that are bound to these by protein-protein interaction. Such oligomeric 
structures, which are not stable in a gel mobility shift assay, have been visualized by 
scanning force microscopy. That they are required functionally is indicated by two lines 
of evidence: -1) They can be formed jointly by DNA-binding forms of NtrC and forms 
that cannot bind DNA. The former are used at concentrations sufficient to occupy the 
enhancer and serve as a tether but not high enough to yield good activation of 
transcription. The latter, which carry 3 alanine substitutions in the helix-tum-helix DNA
binding motif of NtrC, actívate poorly from solution and form active structures with 
DNA-bound forms by protein-protein interaction; 2) Active structures can be formed 
jointly by DNA-binding and non-binding forros of NrrC, neither of which is capable of 
activating transcription by itself. The DNA-binding forms we have used for this purpose 
are the NtrCD54A and NtrCD54N mutant proteins, which cannot be phosphorylated (D54 
is the site of phosphorylation). The non-binding form is NtreA216V"3ala", which carries a 
substitution in the central domain of NtrC that reduces transcriptional activation by at 
least 1000-fold but does not affect the ATPase activity of the protein. 

Phosphorylation of NtrC is conu·olled by the availability of combined nitrogen. As a 
fl.rst step in studying metabolic control of this phosphorylation in vivo, we ha ve studied 
control of the growth of Salmonella typhimurium in response to nitrogen availability. We 
have obtained evidence that externa! nitrogen limitation is perceived as interna! glutarnine 
limitation in both batch and continuous cultures. Studies with mutant strains indicate that 
the drop in the glutaminc pool in the parental strain under nitrogen-limiting conditions is 
probably sufficient to account for slow growth and that it is responsible for slow growth. 
Glutarnate, the only other interm.ediate in nitro gen assimilation. is not \tsed to sense 
nitrogen availability, but serves as the counter-ion for K+. Mutant strains that cannot 
maintain a normal glutamate pool are unable to maintain a normal steady-statc K+ pool 
and have growth defects, particularly at high extemal osmolalíty. 
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Transcriptional noise : How promoters evolve to respond to 
novel environmental signals 

V. de Lorenzo•, l. Cases, G. Bertoni , S. Fernández and J. Pérez-Martín. Centro de 
Invesugªcwnes BIOlógicas (CSIC), Velázquez 144, 28006 Madrid (Spain) 

Various features of the regulation of pathways for biodegradation of recalcitrarlt cornpounds by 
Pseudomonas provide interesting hints on the rnechanisrns by which prornoters evolve to 
respond to novel environrnental stirnuli. The regulatory noise hypothesis propases that 
transcriptional control systerns develop responsiveness to new signals due to the leakiness and 
lack of specificity of pre-existing prornoters and regulators. When needed, these rnay becorne 
more specific through suppression of undesirable signals and further fme-tuning of the recruited 
proteins to interact with distinct effectors. This hypothesis is supported by thc sophisticated 
regulation of cr54_dependent promoters of the TOL (toluene biodegradation) operons, which can 
be activated to various degrees by heterologous proteins. Such 'illegitimate' activation is 
suppressed by bent DNA structures, either static or protein-induced, between promoter core 
elernents. One central concept to understand prornoter evolution is that not only the regulatory 
proteins but also the structural properties of the promoter DNA participate in the generation of 
repertoires of transcriptional control available for recrutirnent by evolving genes and operons. 
Once a suboptimal regulatory device has been recruited; selective pressure seerns to push the 
evolving systern towards suppression of the elements that cause non-specificity. The Pu 
prornoter of the TOL plasmid seems to harbor sorne molecular remnants of this process. These 
ha ve permited still more refmed tuning of its physiological activity in response to specific and 
less specific signals. Like all cr54_dependent promoters, Pu is activated at a distance by its 
cognate regulator XylR (de Lorenzo et al. , 1991; Abril et al. , 1991; Marqués and Ramos, 1993). 
The intervening DNA segment between the upstream activating sequences (U AS) and !hose for 
RNA polymerase binding at Pu contains an integration host factor (lHF) attachment si te that is 
required for full transcriptional activity. lliF is a small protein (20 kdal) that causes a sharp bend 
( -140") upon binding to its target DNA sequence. Although the predominant role of IHF in Pu 
and other cr54_RNAP-promoters is to provide an structural aid to improve contacts between the 
cr54_RNAP and the activator protein attached to the UAS, (Pérez-Martín et al., 1994), it helps 
also to maintain low the basal activity of Pu in the absence of XylR-mediated induction. This 
occurs by preventing the RNA polyrnerase frorn interacting with other regulators that act in 
concert with cr54 (Pérez-Marún and de Lorenzo, 1995b). Although lliF provides a scaffold for a 
loop which brings the two proteins into close proximity (thus increasing transcription efficiency), 
such an effect may, at the same time, restrict the flexibility of the region. The rigid conformation 
that DNA adopts upon IHF binding rnay increase activation specificity by preventing access to 
heterologous activators other than that properly bound and positioned in the UAS. It seerns, 
therefore, that the role of lliF in Pu is not only as a co-activator but also as a suppressor of 
cross-regulation. We have coined the term restrictor as an operational definition for this 
specificity-enhancing function assigned to protein-induced or static bends in cr54-dependent 
prornoters. At least in the TOL systern, the presence or absence of a restrictor element seems to 
displace the responsiveness of the prornoter either towards specificity or towards promiscuity 
(Pérez-Martín and de Lorenzo, 1995a, 1995b). 

Abril, M. A., Buck, M and Ramos, J. L. (1991) J Biol Chem 266: 5832-5838. 
de Lorenw, V., Herrero, M., Metzke, M. and Timmis, K. N. (1991) EMBO J 10: 1159-1167. 
Femández, S., Sbingler, V. and de Lorenzo, V. (1994) J Bacteria! 176: 5052-5058. 
Marqués, S. and Ramos, J. L. (1993) Mol Microbio! 9: 923-929. 
Pérez-Martín, J., Timmis, K. N. and de Lorenzo, V. (1994) J Biol Chem 269: 22657-22662. 
Pérez-Martfn, J. and de Lorenw, V. (1995a) J Bacteriol 177: 3758-3763. 
Pérez-Martfn, J. and de Lorenzo, V. (1995b) Proc Natl Acad Sci USA 92: 7277-7281. 
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HOW TRANSCRIPTION FACfORS CONTEND WITH A REPRESSIVE 
CHROMATJN STRUCfURE 

Wolfram Horz 

Institut für Physiologische Chemie, Universitat München, Schillerstr. 44, 80336 München, 
Germany 

Our curren! knowledge of gene regulation rest~ predominantly on the concept of transcription 
factors interacting with specific DNA binding sites thereby increasing the frequeucy of the 
initiation of transcription by the basal transcription apparatus. This picture ignores, however, 
the fact that DNA is not free in the nucleus lmt instead organized in chromatin. Over the past 
years it has become appa.rent that the chromatin structure not only serves to package DNA 
but is also in volved in gene regulation. 

We are investigating the regulation of the PifOS gene which encodes a strongly 
regulated acid phosphatase in S. cerevisiue. In these studies we are focussing on the 
contribution of histone-DNA interactions to gene regulation and the interplay between 
transcription factors and nucleosome structure (1-3). 

The chromatin structure of the PH05 promoter undergoes a massive transition upon 
induction of the gene in the course of which four nucleosomes are disrupted. A transactivating 
basic-helix-loop-helix protein, Pho4, and a homeobox protein, Pho2, are primarily responsible 
for the activation of PH05 and tbe chromatin transition. There are two upstream activating 
sequences (UAS) in the promoter, one located in an accessible chromatin region and one 
contained within a nucteosome in the repressed promoter. They serve as target sites for Pho4. 

We have shown that Pho4 cannot interact with a binding site when it is contained in a 
nucleosome. Binding to such a site can only occur with the simultaneous dL~ruption of the 
nucleosome. The domain required for this function is contained within the transactivation 
domain of Pho4. A detailed deletion analysis of the domains required for transactivation and 
those required for chromatin disruption will be presented. 

In addition we have used this system to assay for the ability to disrupt chromatin in 
other proteins from yeast, Drosophila and man. We have also investigated the role of severa! 
proteins of the Snf/Swi and Sin/Spt families (4) in chromatin organization and the regulation 
of the PH05 promoter. These proteins were identified in yeast as pleiotropic regulators of 
transcription, and there is evidence that they exert their effects via chromatin. Our result~ 
demonstrate that sorne of these protein~ are required for setting up a repressive chromatin 
structure at the PH05 prometer and that the disruption of the corresponding genes leads to 
partially constitutive PH05 expression. 

l. Schmid, A., Fascher, K.O. and Horz, W. (1992) Cell71, 853-864. 
2. Venter, U., Svaren, J., Schmitz, J., Schmid, A., and Horz, W. (1994). EMBOJ. 13,4848-

4855. 
3. Svaren, J., Schmitz, J., and Hórz, W. (1994). EMBO J. 13,4856-4862. 
4. Winston, F. and Carlson, M. (1992) Trends Genet. 8, 387-391. 
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DNA Tracking Proteins and Transcriptional Activation. 
E. Peter Geiduschek, Department of Biology, University of California at San 
Diego, La Jolla, California 92093. (Reporting on research by T.-J. Fu, G. A 
Kassavetis, G. M. Sanders and R. L. Tinker) 

The -40 bacteriophage T4 late promoters, which generate transcription 
of -40% of the viral genome, are extremely simple, consisting merely of a 
TATA box placed -10 bp upstream of the transcription start site. The T4 gene 

55 protein (gp55) a member of the cr family, confers recognition of these 
promoters on the E. coli RNA polymerase core enzyme (E): E.gp55 accurately 
initiates late transcription in vitro on negatively supercoiled DNA. T4 DNA 
is not, on average, supercoiled and complex additional requirements - for the 
RNA polymerase-binding gene 33 protein (gp33) and for concurrent DNA 
replication - prevail in vivo. 

An in vitro analysis shows how the T4 gene 45 protein (gp45), a 
replication protein that tracks along DNA, activates transcription. The 
analysis also suggests a plausible mechanism for coupling transcriptional 
initiation to concurrent replication, and suggests the existence of dual 
pathways for assembly of transcriptional initiation complexes at T4 late 
promoters. 

A list of T4-encoded replication and transcription proteins, which may 
be useful for following the presentation of this work, is attached (Table D. 

Previously published work shows that the three accessory proteins of 
the phage T4 DNA polymerase, gp45, 44 and 62, actívate transcription by a 
novel mechanism, requiring the ATPase activity of these proteins anda DNA 
entry site, such as a nick, gap or primer-template junction, at which they can 
be assembled onto DNA. The assembly/entry site has the formal properties of 
an enhancer, but with two peculiarities: 1) the enhancer and the late 
prornoter must be connected by a continuous and unobstructed path along 
DNA; 2) certain enhancers impose a polarity constraint upon transcriptional 
activation. 

The direct activator of transcription is gp45; the gp44/62 complex serves 
as the DNA-loading enzyme of gp45. Gp45 tracks from its entry site to the 
promoter and ultimately forms part of the stable open promoter complex. 

Recent experiments suggest how coupling between concurrent 
replication and late transcription is generated: 1) The loading sites for gp45 
are transient, continuously repaired and removed by the processes -
replication and recombination - that generate them. 2) The DNA-tracking 
state of gp45 is transient. Experiments that follow the dynamics of gp45 
tracking by DNase 1 footprinting will be presented. 
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A direct interaction of gp45 as it tracks along DNA with gp55 has been 
demonstrated in two ways: 1) co-photocrosslinking of gp55 with DNA
trackinggp45; 2) stabilization by gp55 of the DNA-tracking state of gp45. The 
direct interaction of the DNA-tracking protein and the promoter-recognition 
protein implies the existence of an alternative pathway for assembly of 
transcription complexes at T4 late promoters. 

Table 1 
The Cast of Characters: 

Phage T4 Transcription and Replication Proteins 

~ Pro te in Function 
~55 RNApol-binding; cr-family . Promoter recognition 

~33 RNApol-binding Transcriptional co-
activator 

43 DNA polymerase Viral DNA replication 
~45 accessoryprotein Sliding clamp of the DNA 

polymerase and 
transcriptional activator 

~62 accessory protein Loading enzyme of 
the 

~44 accessory protein sliding clamp 
32 single-stranded DNA-binding (ssb) DNA replication 
61 primase DNA replication 
41 helicase DNA replication 
59 anchor of the primase/helicase DNA replication 
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The Molecular Basis of Gene Transcription 

Silencers, Origins, and DNA Replication in RP.eulating the Bxpress!on of a Eubryotic 
Geno.me. Iasper D. Rjne. Division of Genetics, Department of Molecular and Cellular 
Biology, 4úl Barker Hall, University of California, Berkeley 94720 (510-642-7047). 

Th.e genetic control of mating types of SaaJ¡aromyces cerevisiae provides a wealth 
of opportwlitles for fundamental explorations into the mechanisms controlling gene 
expression in eukaryotes. These studies have led to many lmportant discoverles 
including the role played by DNA transposition in gene expression, the first eukaryotic 
operator and DNA binding protein, and a recognition that regulatory pathways are best 
described as.networks of interacting genes and proteins. The focus of fue work described 
in this talk is yel another dimension to gene expression, namely the influence of the 
position of a gene in the genome on the cxpression of that gene. Such influences of 
physicallocation on gene expression are referred to eenerically as position effects. 

Mating type in Saccharomyces is controlled by the alleles of the mating type 
locus (MA'lj. Cells of the a mating type ha ve the MATa allele and cells of the a mating 
type have the MATa allele. The expression of these álleles of MAT control the set of 
genes that are responsible collectively for the host of differences between a cell~i and a 
cells. Cryptic copies of the mating type genes are also found at two additionallod 
known as HML and HMR, located on opposite sides of and distal to the MAT locus on 
chromosome m. HML contains an unexpressed copy o f U1e MATa genes and HMR 
contains an unexpressed copy of the MATa genes. The genes at HML and HMR contain 
all the prometer and enhancer sequences needed for their expression. Their lack of 
expression is blocked by the combined action of regulatory sites and proteins. A pair of 
regulatory siles known as sllencers flank both HM[ and HMR and are required for the 
position-effect blocking the expression of these loci. In addition to these sites, the four 
proteins encoded by the four SIR genes (Silent lnformation Rf:'etrle~tors) and several
silencer binding proteins are required to maintain' these loci in an inactive state. 

The HMR·B silencer, on lhe centromere slde of the HMR locus ls the best studied 
of the silencers. Three dlfferent proteins that are required for silencing bind this silencer. 
These proteins include ORC, which ls the DNA replication initiator prott-ín of yeast, as 
well as RAPl and ABFl, two well studied proteins that function as transcriptíonal 
activators at other sites in the genome. Mutations affecting any of these proteins result 
in a loss of silencing. 

A key insight into the mechanism of silencing carne from work from Grunstein 
and colleagues who discovered that mutations in the amino terminus of histone H4 
cause a loss uf silenclng, establishing that silencing involves formation o( a spedalized 
structure of chromatin. Following this clue we developed methods for studying silenced 
chromatin in vitro. We learned that the mechanism of silencing has nothing todo with 
the transcriptional apparatus per se. Rather, silencing involves the formation of a 
chromatin structure that can block essentially any protein-nuclelc acid interaction in the 
vicinity, regardless of whether il is the recognition of a promoter by RNA polymerase or 
a restriction slte by a bacterial restrictlon endonuclease. ~ repressed structure 
includes the entire HMR locus. Importantly, the silencers flanking HMR do not defme 
the boundarles of the silenced domain, rather there may be boundary-determining 
sequence elements that limit the silenced doma in. 

It has been known for sorne time that passage of cells through the S-phasa of the 
cell cycle is critical for silencing of HMR and HML. The HMR-E silencer is a 
chromosomal origin of DNA replication, leading to the suggestion that initiation from 
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the silencer may be part of the mechanism of silencing. Sorne early experiments lent 
tempuraiy support to this notion. For example, mutations in the ARS sequence of the 
silencer block the Dbility of the oligin lo function either as a silencer oras an origin of 
replication. Moreover, certain mutations in the genes cncoding at least two different 
subunits of the ORC complex result in both temperature-sensitive growth dueto a defect 
in replication initiation and defect in silencing. This result indica tes that ORC plays a 
key role iJ.1 both processes. However, multiple Unes of evidence indicate that the role of 
ORC in replication initiation is separable from its role in silencing. These include the 
ability to recover mutations in genes encoding ORC subunits that are specificaily 
defective in replication initiation or in silencing, and the ability to bypass the 
requirement for Ql{C ata silencer by tethering the Sirlp to the silencer. lndeed, the S 
phase is still requüed for sili!ncing even in cells in which ORC itself is no longer required 
bound to the silencer for silencing to work. Thus we now think of the role of the 
silencer binding proteins as being responsible for providing a protein surface that 
recnúts SIR proteins to the silencer, which in tu m are responsible for producing silenced 
duomatin. This hypothesis has recently been strongly supported by the recovery of 
mutations that block the ability of !he Sirl protein from being recruited to the silencer 
but do not block the silencing function of Sirl protcin once it is tethered to the silenct!r. 

1n summary, studies of silencing in Saccharomyces are providing a view of how 
the mechan.isms that replicate the genome are integrated with the mechanisms that 
control its expression. We are beginning to uncover how sp~cific structural domains of 
chromatin are specified and a<;Sembled, and how these domains cstablish and maintain 
certain regions in the genome in a transcriptionally inert state. 

Loo, S., and J. Rine (1994). Silencers Create Domains of Generalized Repression on a 
Eukaryotk Chromosome. Scienc.e. 264:1768-1771. 

Fox, C.A., S. Loo, A. Dillin, and J. Rine (1995) . The Origin Recognition Complex has 
Essential Functions in Transcriptional Silencing and Chromosomal Replication. 
Genes and Developmcnt. 9: 911-924. 

Loo, S, and J. Rine (1995). Silencing and Heritablt! Domains of Gene Expression. Anmwl 
ReviewofCell & Deve/opmenta/ Biology. 8:519-548. 

DilJi,'l. A, cu1u J. Rlu~ (1995). On the Ongi.n Ót a ~ilencer. Trend.s in Biochemical Sciences. 
20:231-235. 
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Designing TBP/zinc finger fusion transcription factors to control gene expression 

Jin-Soo Kim•, Jaesang Kimb, Benjamin Shykindb, 

Phillip A. Sharpb, and Carl O. Pabo• 

• Howard Hughes Medica! Institute and Department of Biology, 

Massachusetts Institute ofTechnology, Cambridge, MA 02139, U.S.A. 

b Center for Cancer Research and Department of Biology, 

Massachusetts Institute ofTechnology, Cambridge, MA 02139, U.S .A. 

Many transcription activators and repressors exert their effects through interaction with the TATA

box binding protein (TBP). Fusion transcription factors in which the DNA-binding domains of 

activators or repressors are directly connected to TBP may have importan! applications in molecular 

biology and biotechnology. The structure-based design strategy developed by Pomerantz, Sharp, 

and Pabo (Science 267, 93 (1995)) allowed us to construct a fusion protein in which a zinc finger 

protein, Zif268, is linked to the C-terminus of yeast TBP. Gel shift experiments show that this 

fusion protein forms an extraordinarily stable complex (half time of dissociation, t112=410h), when 

the TATA box and Zif binding si tes are juxtaposed in the appropriate arrangement. 1 n vitro 

transcription experiments are in progress to study the regulatory properties of this remarkable 

fusion protein. Since the DNA-binding specifi.cities of zinc finger proteins can be altered by phage 

display systems (Rebar and Pabo, Science 263, 671 (1994)), related TBP/zinc finger hybrids may 

allow sequence-specific regulation of target genes, and this may eventual! y lead toa novel method 

of gene therapy. 
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COORDINATED SYNTHESIS OF NIFL ANO NIFA IN Klebsiella 
pneumoniae. 
Fernando Govantcs, J. A. Molina-López and E. Santero. 
Departamento de Genética. Facultad de Biología. Universidad de Sevilla. 
Apdo. 1095. 41080 Sevilla . Spain. 

The regulatory operon nifLA 1s responsable for nitrogen- and 

oxygen-dependent regulation of nitrogen fixation genes in K. 
pneumoniae. Correct regulatíon of the system requires interaction 
between the nitrogen and oxygen sensor protein, NIFL, and its 
counterpart, the transcriptional activator NIFA. By integrating an extra 
copy of the wild type operon and a !J.nifL derivative in the chromosome 

of K. pncumoniae we demonstrate that a correct stoichiometry between 
both proteíns ís required for full represion .of the nifH promoter in the 
presence of oxygen . 

Polarity and translational coupling at the nifLA operon provide a 
tight coordination of the synthesis of both proteins, by conditioning the 
synthesis of NIFA ro the previous synthesis of NIFL. Sequences showing 
RHO-dependent transcríptíon termination activity are present in both 
nifL and nifA coding sequences. Frameshift nifL mutants show a high 
decrease of the expn:sion of ni fA :: la e protein fusions even in the 
absence of polarity . We propase that translational coupling is 
responsable for this effect. The ínvolvement of a stable stem-loop 
structure in the stablishment of translational coupling and the 
mechanisms proposed will be discussed. 
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Genetic and molecular dissection of a chromatin insulator . Víctor G . Corees, Dcpartmcnt 

ofBiology, The Johns Hopkins University. 3400 N. Charles St., Baltimore, MD 21218, USA. 

The suppressor of Hair)'-wing [su(Hw)] protein inhibits the function of trarm:riptional 

enhancers located distally from thc promotcr with rcspcct to thc location of .w(Hw) binding 

sites . The polarity in the repressive effect of tlüs protein is dueto the ability of the su(Hw) 

binding region to form a chromatin insulator . Mutations in a second gene, modifier of mdg4 

[mod(mdg4)], cnhancc the effcct of su(Hw) by inhibiting the function of enhancers located on 

both sides of the su(Hw) binding region. This inhihition is not complete, but rathcr it fesults in 

a variegated expression pattem. Mutatíons in mod("ulg4) actas dassical enhancers uf pusitíon

effect variegation and molecular studies indicate this gene is identical to the previously 

identified E(var)3-93D. Thc mod(m.dg4) and su(Hw) protcins intcract with cach othcr. As a 

cunsequence of this interaction, the mod(mdg4) protein controls the n.ature of the repressive 

cffect of su(Hw): in the absence of mod(mdg4) protein, su(Hw) cxcns a bi-<l.ircctional silcncing 

effect, whereas in the presence of mod(mdg4) thc sílencing effect ís transformed into uni

directional repression. These results suggest that the mod(mdg4) protein plays a central role in 

transforrning a silencer into a chromatin insulator . Analyses of thc chromatin in thc rcgion 

surrounding the su(Hw) i..nsulator indicate that these effects are accompanied by changes in 

chromatin structure as judged by alterations in patterns o! hypersensilivity to DNase 1 and 

nucleosome positioning. 

Mulalions in the mod(mdg4) gene enhance the phenotype of Ubx mutations, causing 

transformations of posterior abdominal segmenL~ into more anterior fa tes . In addition, 

mod(mdg4) mutants enhance the phenotype of trithora< group mutations and suppress the 

phenotype of Polycomb group mutants. Thcsc rcsults suggest that mod(mdg4) is a new member 

of the trithor(U group family. Furthermore, mutations in tritlzorax group genes enhancc thc 

effect of mod(mdg4) mutations on gypsy-induced alleles, causing an increase in the bi-
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dircctional silencing effects observed in thc prc.c:cnce of su(Hw) protein. 'fhese results suggest 

that silencing effects caused by su(Hw) are mediated by changes in chromatin strucrure 

maintained by Polycomb and trithorax group proteins. 
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Regulation of bacteriophage 029 DNA transcription . Margarita Salasl, Mario 

Mencía l , María Monsalvel and Fernando Rojo2 lCentro de Biología Molecular 

"Severo Ochoa" (CSIC-UAM), and 2Centro Nacional de Biotecnología (CSIC), 

Universidad Autónoma. Canto Blanco. 28049 Madrid. Spain. 

Bacteriophage 029 early promoters are recognized by the Bacillus subtilis RNA 

polymerase (RNAP) containing the major crA subunit, while transcrip tion from 

the late promoter, PA3, requires, in addition to the crA RNA polymerase, the 

product of the viral gene 4, p4. Protein p4 binds to a region located between 

nucleotides -58 to -104 relative to the PA3 transcription start site, recogn izing an 

8 bp long inverted repeat. This DNA region has a sequence-directed curvature 

that greatly increases by protein p4 binding. Protein p4 activates late transcription 

by stabilizing the binding of the RNAP to the promoter as a closed complex. 

Severa! evidences indicate that activation of the late promoter requires a specific 

interaction between p4 and RNAP: 1) both proteins bind to the same face of the 

DNA helix, and adjacent to each other; 2) binding of p4 and RNAP is strongly 

cooperative; 3) activation requires a precise stereospecific alignment between the 

two proteins; 4) protein p4 can form complexes with RNAP in the presence of 

DNA fra gments containing only either the binding site for p4 o r the one for 

RNAP; and 5) protein p4 mutants at residue Arg 120 have been iso lated which 

bind DNA efficiently but are unable to interact w ith RNAP and to actívate 

transcription. lndeed, we have found that protein p4 can induce the binding of 

purified B. subtilis RNA polymerase a subunit to the late promoter. This binding 

does not occur with p4 mutants at Arg 120 or when a deletion mutant at the a

subunit, lacking the 15 C-terminal amino acids, are used. The use of reconstituted 

RNAPs with deletion-containing a subunits indicated that the last 15 residues of 

the la tter are required for p4-dependent transcription activation. In add ition, by 

site-directed mutagenesis at the C-end of p4, severa! basic residues have been 

identified, including Arg 120, that contribute to maintain the DNA bending. 
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Since p4 is a dimer in solution and binds to DNA as a tetramer we propose a 

model in which two of the p4 subunits would interact with the RNAP while the 

other two would be used for DNA binding and bending. 

The regulatory protein p4 also represses transcription from the early 

promoters A2b and A2c, that are divergently transcribed from the late A3 

promoter. Binding of p4 displaces the RNAP from the A2b promoter, both by 

steric hindrance and by the bending induced upon binding. Protein p4 represses 

the A2c promoter by binding to a DNA site immediately upstream from RNAP 

in a way that does not hinder RNAP binding. In the presence of p4, RNAP can 

form an initiated complex at PA2c that generates short abortive transcripts, but 

cannot leave the promoter. Mutation of p4 residue Arg 120, which relieves the 

contact between the two proteins, leads to a loss of repression. In addition, 

deletion of the 15 C-terminal amino acids of the RNAP a subunit also leads to a 

loss of repression. Therefore, the contact of p4 and RNAP through the same 

regions can actívate or repress transcription depending on the promoter. 
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Polycomb Group complexes, chromatin states and the regulation of homeotic genes in 
Drosophila. 

V. Pirrotta 
Department of Zoology. University of Geneva. 30 quai E. Ansennet, CH 1211 Gene va, 
Switzerland 

The expression domains ofDrosophila homeotic genes are established in the early embryo by 
the segmentation genes, ultimately depending on maternal antera-posterior cues. When these 
early genes cease functioning, the correct expression domain is maintained by a generalized 
chromatin-based repressive mechanism used by all homeotic genes and by a large set of other 
genes, including many responsible for the development ofthe nervous system . This is the 
Polycomb Group ( Pc-G) repressive system, which establishes a complex initiating at specific 
targets, the PREs. and spreading over a large chromatin region. In the Ultrabithorax gene, this 
complex maintains repression in cells in which Ubx was initially repressed but allows 
expression in cells in which it was originally active. The repressed S tate persists o ver man y cell 
divisions, providing a cellular memory of transient developmental cues that were present at 
sorne earlier stage of development 

The Ultrabithorax gene contains a principal PRE anda number of weaker response elements that 
contribute to the establishment of Pc-G repression o ver a large region. In vivo, transposons 
containing the PRE can cause a partial (variegation) or total repression of neighboring genes 
strongly resembling the repressive effects caused by the vicinity of heterochromatin. The 
fonnation of Pc-G complexes can be detected on polytene chromosomes at the si te of insertion 
of the transposon. The PRE generates a set of strong in vivo DNase hypersensitive si tes 
mapping within the PRE sequence that can be reproduced in vitro with nuclear extracts. The 
PRE itself appears to be composite of m u! tiple sequence elements which interact wi th different 
subsets of Pc-G proteins. 

Our currem modei is that complex formation requires the coopera ti ve;: interactions of a numlx:r of 
Pc-G proteins, sorne of which may interact individual! y with DNA sequences at the PRE but too 
weakly to result instable binding by themselves. We suppose that once a nucleating complex is 
formed, the cooperative interactions extend the complex over an larger region region and are 
prevented from doing so when a gene is active but not when the gene is inactive at the time of 
complex formation. The Pc-G proteins are a heterogeneous lot and include sorne with 
functional homologies to Drosophila heterochromatin proteins (Suvar products) which are 
thought to form extended chromatin complexes in much the same manner. Severa! Pc-G 
proteins ha ve mammalian homologues and experiments by others ha ve shown that the 
mammalian Pe homologue is functionally equivalen! to the Drosophila Pe while Drosophila Pc
G proteins can be recognized by a silencing mechanism in mammalian cells. 

Insertion of a transposon carrying a PRE can often silence not only genes contained in the 
transposon but also genes flanking the insertion site in the Drosophila genome. Genetic 
evidence suggests that the genome contains boundary sequences that normally preven! silencing 
complexes from extending to inappropriate regions. We have shown that boundary elements 
such as the ses, ses' and su(Hw) binding sites contained in the gypsy transposon not only block 
interactions between enhancer and promoter but prevent the spreading of Pc-G complexes. 
These experiments have also demonstrated that the fonnation of an effective silencing complex 
requires interactions of a PRE with other cooperating si tes in flanking sequences or in 
homologously paired sequences on the homologous chromosome. 

Molecular and genetic similarities with Pc-G silencing suggest a relationship with mechanisms 
such as heterochromatic and telomeric silencing, X chromosome inactivation and genetic 
imprinting in mammals. It may be possible to interpret these phenomena as initiated as 
chromatin complexes related to those formed by Pc-G proteins which then induce changes in 
histone acetylation and CpG methylation. The latter may be necessary to insure continued 
silencing in organisms that, unlike Drosophila, have long Ji ves anda large number of cell 
divisions intervening between embryo and adult. 



Instituto Juan March (Madrid)

38 

References 

Chan, C.-S., Rastelli, L. and Pirrotta, V. (1994) A Polycomh response e1ement in the Ubx 
gene that determines an epigenetical1y inherited state of repression. EMBO J. 13:2553-2564. 

Bunker, C.A:and Kingston, R.E. (1994) Transcriptional repression by Drosophila and 
mammalian Polycomb group proteins in transfected mammalian cells. Mol Cell Biol 14:1721-
1732. 

Pirrotta, V., Chan, C.S. , McCabe, D. and Qian, S. (1995) Distinct parasegmental and imagina! 
enhancers and the establishment of the expression pattem of the Ubx gene. Genetics, in prcss. 

Müller, J. (1995) Transcriptional silencing by the Polycomh protein in Drosophi/a embryos. 
EMBO J. 14:1209-1220. 

Müller, J., Gaunt., S. and Lawrence, P.A. (1995) Function of the Polycomb protcin is 
conserved in mice and flies. Development 121 :2847-2852. 



Instituto Juan March (Madrid)

39 

CREM, NUCLEAR PACEMAKER OF THE cAMP RESPONSE 

Monica Lamas, Fran~ois Nante!, Katherine Tamai, Nicholas S. Foulkes, 
Emanuel Zazopoulos, Enzo Lalli, Cristina Maz.zucchelli, Lucia Monaco 
and Paoló Sassone-Corsi 

IGBMC, BP 163, 67404 lllkirch, Strasbourg, France 

The CREM gene encodes both repressors and activators of cAMP-dependent 
transcription (1) . Differently ,from the other members of the CRE-binding 
protein family, CREM expression is tissue-specific and developmentally 
regulated (2). In additio¡:~, multiple and cooperative phosphorylation events 
regulate the function of the CREM proteins (3). 

CREM appears to play a key physiological and developmental role within 
the hypothalamic-pituitary-gonadal axis. There is a functional switch in 
CREM expression during the development of male germ cells which is 
directed by the pituitary hormone FSH (4) . The hypothalamic-pituitary axis 
is modulated by the pineal hormone melatonin, whose production is in 
turn controlled by the endogenous dock . A CREM product, ICER, is 
rhythmically expressed in the pineal gland, being at high levels during the 
night (5). ICER functions as a powerful repressor of cAMP-induced 
transcription. Rhythmic adrenergic signals originated by the dock direct 
ICER expression (5). 

CREM is inducible by activation of the cAMP signalling pathway with the 
kinetic of an early response gene (6). The induction is transient, cell-specific, 
does not involve increased transcript stability and does not require protein 
synthesis. The subsequent decline in CREM expression requires de novo 

protein synthesis. The induced transcript e:1codes ICER and is generated 
from an alternative, intronic promoter . A cluster of four CREs in this 
promoter directs cAMP inducibility. ICER represses the activity of its own 
promoter, thus constituting a negative autoregulatory loop (6). Recent 
results also indicate that CREM plays a pivota! role in the regulation of 
proliferation and cell cycle in neuroendocrine cells. 

We have also shown that CREM expression undergoes a dramatic 
developmental switch during the spermatogenesis (2, 4, 7). This is a complex 
process by which undifferentiated male germ cells develop into mature 
spermatozoa. This process involves remarkable structural and biochemical 
changes which include nuclear DNA compaction and acrosome fonnation. 
We have previously shown that the transcriptional activator CREM is 
highly expressed in postmeiotic cells. We have also suggested that CREM 
may be responsible for the activation of severa! haploid germ cell-specific 
genes involved in the structuring of the spermatozoon. We have recently 
addressed the specific role of CREM in spermiogenesis using CREM-mutant 
mice generated by homologous recombination (8). Analysis of the 
seminiferous epithelium in mutant male mice reveals postmeiotic arrest at 
the first step of spermiogenesis. Late spermatids are completely absent and 
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there is a significant increase in apoptotic germ cells. We show that CREM 
defíciency results in the lack of postmeiotic cell-specific gene expression. The 
complete lack of spermatozoa in the mutant mice is reminiscent of cases of 
human infertílity. 
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Allosterism in cr54-dependent activators : A TP binding to X y IR triggers a protein 
multimerization cycle catalyzed by UAS DNA 

f. Pérez-Martín* and V. de Lorenzo. Centro de Investigaciones Biológicas (CSIC) , 
Velázquez 144, Madrid 28006 (Spain) E-mail : CIBLP70@CC.CSIC.ES 

The events that take place at the prokaryotic enhancer of the Pu promoter of 
Pseudomonas pulida prior to the engagement of the cr54_RNA polymerase in 
transcription initiation have been studied in vitro. Occupation of the two upstream 
binding sites of the enhancer by active XylR protein, the cognate regulator of the 
system, showed cooperativity dependent on ATP binding, but not on ATP 
hydrolysis. In the _presence of either A TP or A TP"y'S, the UAS catalyzed formation 
of an XylR multJmer, as detected with cross-linking agents under various 
conditions. Limited proteolysis of activated XylR in the presence of ATP indicated 
also that XylR undergoes a major conformational change upon ATP binding. ATP 
hydrolysis is, therefore, preceeded by the multimerizahon of XylR at the enhancer, 
that is itself triggered by the sole allosteric effect of ATP binding to the protein. 
Since ADP is unable to support such a multimerized state, we argue that ATP 
hydrolysis is followed by a return to the non-multimerized state. This notion is 
further supported by the properties of mutant proteins that seem to be frozen , 
respectivefy, in either the non-multimerized or the multimerized state. Taken 
together, our results support a cyclic mechanism of ATP-dependent association 
/ dissociation of Xy!R at the Pu enhancer that preceeds any engagement of the 
polymerase in transcription initiation. The protein surfaces that determine 
multimerization lie on the central domain of the activator, that is homologous to 
two uruelated proteins. i. e., TyrR, the repressor 1 activator of various operons for 
biosynthesis of aromatic amino acids in E. coli, and the orrúthine decarboxylase 
antizyme (ODC-Az) of E. coli, that down-regulates post-translationally the activity 
of ODC when cells face polyamines. The presence oi homologous domains in these 
otherwise unrelated proteins suggests that a basic module endowing 
ATP-dependent multimerization may have been recruited for different purposes, 
not necessarily linked to transcription activation. This raises sorne questions on the 
precise mechanism by which ATP hydrolysis causes formation of the open complex 
m o54-promoters. 

Pérez-Martín, J. and V. de Lorenzo. 1995. The N-terminal domain of the prokaryotic 
enhancer-binding protein XylR is a specific intramolecular repressor. Proc. Natl. Acad. Sci. USA 92 : 
9392-9396. 

Pérez-Martín, J. and V. de Lorenzo. 1995. The a54_dependent promoter Ps of the TOL plasmid of 
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Bacteriology 177 : 3758-3763 

Pérez-Martín, J. and V. de Lorenzo. 1995. Integration Host Factor (IHF) supresses promiscuous 
activation of the a54-<lependent promoter Pu of Pseudomonas pulida. Proc. Natl. Acad. Sci. USA 92: 
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The NagC protein of Escherichia coli is a transcriptional 
activator for the g l m U gene. 

Jacqueline Plurnbridge 
Institut de Biologie Physico-chirnique, 

13, rue P. et M. Curie, 
75005 París, France 

The glmUS operon of Escherichia coli encodes proteins for the 
synthesis of glucosarnine and UDP-N-acetyl-glucosarnine (UDP
GlcNAc), early cytoplasrnic precursors in the biosynthesis of 
peptidoglycan and lipopolysaccharide . The operon is expressed 

frorn two prornoters of which the glmU proximal prornoter. 
glmUpl, is only active in the presence of the NagC protein . Two 

binding si tes for N agC are located upstrearn of the g l m U p 1 
prornoter. They are centred at -47 and -200 relative the 

transcnptwn start site and both sites are necessary for activation 
(Plurnbridge, EMBO. J. l1. 3958-3965 (1995)). The NagC protein is 
the repressor for the nagE-BA CD operons in volved in the utilisation 

of GlcNAc as carbon and nitrogen source. The NagC protein binds to 
two operators overlapping the divergent nagE and na g B 

prornoters forrning a repression loop. Repression of the na g E- B 

operons requires that the two operators which are separated by 94 
bp i.e. by 9 turns of B-forrn DNA, be in phase on the DNA helix. 
Insertion of DNA, corresponding to a non-integral nurnber of turns, 
results in loss of repression (Plurnbridge and Kolb, Mol. Microbio!. 

lQ. 973-981 (1993)). In the case of glmU, where NagC is now acting 
as an activator, the centre to centre distance between the two 

operators corresponds to 14.7 turns of B-forrn helix. Deletions or 

insertions within this region show that there is sorne DNA phase 

dependence but that it is weaker than in the case of nagE-B. Gel 
retardation analysis of the glmU regulatory region, using a crude 
extract of a strain overproducing NagC, produces a very slowly 
rnigrating band which rnight be expected to contain sorne additional 
protein cornponents besides NagC. The upstrearn operator behaves 
as an upstream activating sequence (UAS) but it is unusual in the 
sense that it is binding the sarne protein, which bound at -47, is 
expected to make direct contacts with RNA polyrnerase to stirnulate 

transcription. We are atternpting to isolate mutations in the NagC 
protein to define the different functional domains. 
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Modulation of the activity of the transcriptional activator NIFA by the NIFL 
regulatory protein 

Ray Dixon 

Nitrogen Fixation Laboratory, John lnnes Centre, Colney Lane, Norwich NR4 7UH, 
UK 

The NIFL regulatory protein controls nif transcription in Azotobacter vinelandii by direct 
interaction with the enhancer binding protein NIFA, a member of the cr54 (cf)
dependent family of transcriptional activators. Stimulation of open prometer complex 
formation by NIFA requires nucleoside triphosphate hydrolysis catalysed by the central 
domain of this activator. Modulation of NI FA activity by NIFL in vivo occurs in response 
to the externa! oxygen concentration or the level of .tixed nitrogen. 

Sequence analysis of NIFL indicates that this protein is comprised of two domains 
separated by a glutamine rich flexible linker. The amino terminal domain shows 
homology to the bat gene product from Halobacterium halobium, which potentially has 
an oxygen sensing function and al soto the rhizobial FixL family of heme-based oxygen 
sensors, although the significance of these homologies is at present unknown (1 ). The 
carboxy terminal domain of NIFL shares characteristic features with the histidine 
protein kinase family of two-component regulatory proteins and in the case of the 
A.vinelandii protein possesses all five of the conservad regions found in other 
transmitter domains. However although A.vinelandii NIFL contains a conservad 
histidine residue known to be the site of autophosphorylation in other members of this 
family, a number of substitutions of this residue do not impair function, implying that 
sensory transduction by NIFL does not involve phosphorylation of this residue (2). 
Moreover, neither autophosphorylation of NIFL nor phosphotransfer to NI FA have so 
far been detectad in vitro (3,4). lnhibition of NIFA activity by NIFL apparently requires 
stoichiometric amounts of the two proteins implying direct protein :protein interaction 
rather than catalytic modification of NIFA activity. Since the nucleoside triphosphatase 
activity of A.vinelandiiNIFA decreases when the inhibitory complex between NIFL and 
NIFA is formed, NIFL may block NIFA activity by inhibiting its catalytic function . 
Moreover inhibition by A.vinelandii NIFL is stimulated by the presence of adenosine 
nucleotides, particularly ADP, suggesting that formation of the inhibitory complex might 
be regulated by the ATP/ADP ratio (5) . 

Spectral features of purified NIFL and chromatographic analysis indicate that it is a 
flavoprotein with FAD as prosthetic group, which undergoes reduction in the presence 
of sodium dithionite. Under anaerobic conditions, the oxidised form of NIFL inhibits 
transcriptional activation by NI FA in vitro and this inhibition is reversed when NIFL is 
in the reduced form. Hence NIFL is a redox sensitiva regulatory protein and may 
represent a novel type of flavoprotein in which oxidation and reduction of the flavin 
acts as a molecular switch to control gene expression (6) . 

The response to adenosine nucleotides overrides the influence of redox status on 
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NIFL and is.also observed with refolded NIFL apoprotein, lacking the flavin moeity . 
These observations suggest that both energy and redox status are important 
determinants of nif gene regulation in vivo. 

1. Blanco, G., Drummond, M., Woodley, P. & Kennedy, C. (1993} Mol. Microbio!. 
9, 869-880 . 

2. Woodley, P. & Drummond, M. (1994) Mol. Microbio!. 13,619-626 
3. Lee, H-S., Narberhaus, F. & Kustu , S. (1993} J. Bacteria/. 175, 7683-7688. 
4. Austin, S., Buck, M., Cannon, W., Eydmann, T. & Dixon, R. (1994) J. Bacteria!. 

176, 3460-3465. 
5. Eydmann, T., SOderback, E., Jones, T., Hill , S., Austin , S. & Dixon , R. (1995) J. 

Bacteria!. 1 n, 1186-1195. 
6. Hill, S., Austin, S., Eydmann, T., Jones, T. & Dixon, R. (1996) Proc.Natl. Acad. 

Sci USA (in press). 
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.f'roteín·D.NA interactions in the control of fimbrial adhesin genes in E. coli, 

Bernt Eric Uhlin, Berit Sondén, :Mikael Goransson, Jurate Uruonaviciene, Yan Xia 
Department ofMicrobiology, Umea University, S-901 87 UmeA, Sweden 

The ability to adhere to host cell surfaces is an imponant property of many bacteria! 
pathogens, and enterobacteria often express specific adhesins in the fom1 offimbrial 
structures, also referred to as pili, on their cell surface. Uropathogenic isolates of 
Escherichia co/i commonly have the potential to express different fimbria! adhesins 
that are encoded by separate polycistronic detenninants. Transcription ofthose genes 
is regu!ated in response to environmental growth conditions. The pap genes encoding 
pyelonephitis-associated pili in E coli strain J96 are transcribed from a majar prometer 
which is subject to regulation by upstrearn activating sequences (U AS) where severa! 
DNA binding proteins interact. Characteriz:ation ofthe regulatory region by genetic 
analysis and in vitro studies has established that the CRP-cAMP complex. the LRP 
protein, and at !east two pap encoded proteins (PapB and Papl) al! interact with this 
UAS region (1 ). Two other deterrninants for fimbria! adhesins in strain 196, the prs and 
joc genes, have a similar genetic and transcriptional organiz.ation, and regulatory cross
talk is possible through homologs to PapB and Papl ofthe different gene systems. The 
PapB protein binds DNA in a multimeric fashion, and the target is an AT-rich region in 
which the number ofcopies ofa repeated sequence may vary amongpap deternünants 
from different bacteria! isolates. The binding sequence for the CRP-cAMP complex is 
located at a relatively long distance from either of the pap promoters, and the protein 
interaction results in bending ofthe DNA according to assays in vitro. In addition to 
this protein-induced bending our analyses suggest that the 0.4kb UAS region has 
features of strong intrinsic curvature with a majar bend center in the rniddle. The 
protein LRP binds to the curved DNA region, and together with the other proteins it 
forros a multi-nucleoprotein complex that stimulates the transcription. The pap 
transcription is negatively influenced by the nucleoid-associated protein H-NS, and in 
hns mutant E. coli the transcription of the pap genes beco mes activator-independent 
and can occur in the absence ofthe UAS (2). Introduction of mutations in the UAS 
region that seemed to alt~r the DNA curvature and thereby distorted the normal DNA 
conformation led to reduced expression ofthe pap operan (3). We suggest that the 
DNA conforrnation and the architectual role of proteins here are important features for 
the normal expression offímbrial adhesins. 

1) Uhlin, B.E. 1994. Regulation offimbrial expression. In: Fimbriae: adhesion, 
biogenesis. genetics, and vaccines (P Klemm, ed.), CRC Press, Inc .• Boca Raton, FL; 
p.l81-l88. 

2) Forsman, K., Sondén, B., Góransson, M., Uhlin, B.E. 1992. 
Proc.Nati.Acad.Sci.USA 89:9880-9884. 

3) Sondén, B., Goransson, M., Urbonaviciene, J., Uhlin, B .E. Manuscript in 
preparation. 
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Regulation of gene expression by ambient pH in Aspergillus nidu/ans. 
Miguel Angel Peñalva 

Centro de Investigaciones Biológicas CSIC 
Velázquez 144, Madrid 28006, Spain 

Extremes of pH represent an occupational hazard for many microorganisms. The 
filamentous ascomycete Aspergil/us nidulans is able to grow over a wide pH range (between 
2.5 and 10.5 pH units). This versatility demands the existence of a regulatory mechanism 
tailoring the synthesis of gene products (such an extracellular enzymes and permeases) whlch 
are not protected by the intracellular homeost.atic system only at ambient pH values close to 
their corresponding optima. 

Despite its possible ubiquity in the microbial world, this pH regulation has only been 
characterised in detail at the molecular and · genetic leve} in A. nidulans. In this fungus, pH 
regulation is mediated by PacC, a tri-dactyl zinc-finger transcription factor. PacC is synthesised 
as an inactive version and is converted to an active form in response to a signa] mediated by the 
pal gene pathway at alkaline ambient pH. This active form has a dual function, simultaneously 
activating transcription of alkaline-expressed genes (such as that encoding an alkaline 
phosphatase) and repressing transcription of acid-eh1Jressed genes (such as that encoding an 
acid phosphatase). Under acidic conditions (or with acidity-mimicking par mutations 
interrupting the signal transduction pathway) PacC remains inactive, with the consequent 
derepression-of "acidic" genes and lack of activation of "alkaline " genes. eonversion of PacC 
from the 678-residue full-length, inactive form into an active form requires the proteolytic 
removal of tbe approx. 60% C-tenninal residues of the protein. The resulting, active Pace 
version (approx. residues l-270) is competent both in activation and repression of structural 
genes. Under acidic conditions, the e-terminal region ofPacC prevents its own proteolysis and 
alkalinity-mimicking pacCC gain-of-function mutations, which represent truncations of thls 
region, result in constitutive proteolytic activation and are epistatic topar mutations (thereby 
bypassing the requirement of the pal pathway). In addition, tlús negatively-acting e-terminal 
region appears to prevent DNA binding in vitro. 

The zinc-finger r:egion of Pace, which is sufficient for in vitro binding to its cognate, 
physiologically functional sites at an alkaline gene promoter, recognises an hexanucleotide with 
core sequence S'-GCCARG-3' and, somehow heretically, appears to bind DNA in a parallel 
mode. No acidic gene prometer has yet been characterised, although the factors specifically 
required for the repressing function ofPacC are starting to be identified. 
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Interactions between the SV 40 capsid proteins and 
cellular transcription in gene regulation in vivo and in 
DNA binding in vitro 

Ariela Gordon-Shaagl, Nava Dalyotl, Orli Shaull, Harumi Kasamatsu2 
Amos Oppenheimi and Ariella Oppenheiml. 1 The Hebrew University
Hadassah Medica! School, Jerusalem, Israel and 2University of 
California, Los Angeles, California. 

Our model for SV40 packaging suggests that the viral capsid 
proteins interact with cellular transcription factors at the SV40 
packaging signal ses (which includes the GC-boxes and part of the 
enhancer) in the initiation of viral assembly. The model predicts that the 
capsid proteins function in the turning off of the viral promoters. This 
has been tested by cotransfection experiments, which have shown that the 
early and late SV40 promoters are significantly inhibited by the SV40 
capsid proteins, supplied in trans. In contrast, two mouse ribosomal 
protein prornoters, rpS16 and rpL30, were strongly enhanced. The 
human 'Y-globin promoter remained unaffected. These results indicate 
that the capsid proteins interact with transcriptional regulators affecting 
promoter activity in vivo. 

The in vitro interactions between the viral VP3 and cellular 
transcription factors were investigated. Gel retardation assays 
demonstrated that purified GST-VP3 fusion protein produced in E. coli, 

inhibited binding of eructe nuclear extracts to the SV 40 ses element and 
also to a cellular SPl binding site. Further experiments with purified 
SPl and GST-VP3 demonstrated, unexpectedly, strong cooperativity 
between the two in DNA-binding. We found that the cooperativity 
between VP3 and SPl did not depend on the number of SPl binding 
elements. We further observed that the DNA binding domain of VP3 was 
required for this interaction. Furthermore, GST-VP3~C13, a truncated 
GST-VP3 fusion protein lacking the DNA-binding domain, was found to 
compete with the fulllength GST-VP3 in its cooperativity with SPl in a 
dominant negative manner. These results suggest protein-protein 
interaction between SPl and VP3. 
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VSG expression site regulation in bloodstream form Trypanosoma brucei 

Gloria Rudenko, Pat Blundell, Anita Dirks-Mulder, Richard McCulloch, and Piet 
Borst 

the Netherlands Cancer Institute, Plesmanlaan 121 , Amsterdam, the Netherlands 

African trypanosomes such as Trypanosoma brucei are capable ofvarying 
their major cell surface protein (Variant Surface Glycoprotein or VSG) during the 

course of an infection. The active VSG gene is invariably Jocated in a discrete 

telomeric location known as an expression site. Switching expression of the 

active VSG gene normally involves either gene conversion of a silent VSG gene 

into the active expression site or an in situ switch whereby the active expression 
site is silenced, and a new one is activated without DNA rearrangements. We 

have inserted drug resistance genes behind the active expression site promoter, 
and replaced the active expression site promoter by an rDNA promoter. These 
transgenic trypanosomes were allowed to undergo switching in mice immunized 
against the old VSG coat. The total switching frequency was unaffected in the 
transgenic trypanosomes (between 1 o-6 and 1 0·7

) . Active expression si tes where 

the endogenous promoter was replaced by an rDNA promoter, were as efficiently 
si1enced via in situ switches as those transcribed from an expression si te promoter. 

Selecting for activation of the now si1enced drug resistance gene, we were able to 

determine the frequency of reactivation of the last active expression site. 
Unexpectedly this frequency was quite high (at least 1 in 10·5) and comparable 
using transgenic trypanosomes with expression sites driven either by the 
endogenous or the rDNA promoter. This could indicate that the switching 
frequency in vivo is composed of the frequency of activation of a new expression 

site, plus the frequency of inactivation of the 1ast active expression site with a 

selection pressure against double expressors. 
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Regulation of crL directed transcription in Bacillus sub ti lis 

Michel Débarbouillé, Isabel! e Martín-Verstraete, Rozenn Gardan, 
Jorg Stülke and Georges Rapoport 

Institut Pasteur, URA 1300 CNRS (France) 

In bacteria! cells, severa! forms of RNA polymerase holoenzymes are present 

and differ with respect to the associated sigma factor and the promoter sequences that 

they recognize. At least, ten different sigma factors have been identified in Bacillus 

subtilis. Most of sigma factors are members of the sigma 70 family of proteins. A clear 

exception is the sigma factor sigma 54, which is not member of the sigma 70 fami ly and 

belongs toa second farnily of sigma factors widely distributed in prokaryotes. 

We have characterized in B. subtilis a gene called sigL, encoding a sigma factor 

equivalent to sigma 54 from Gram-negative bacteria (1). Strains containing a sigL null 

mutation have a pleiotropic phenotype : the mutants are unable to grow in minimal 

medium containing arginine, omithine, valine or isoleucine as sole nitrogen sources. 

The degradation of polymers of fructose is abolished in sigL mutants (see below). 

Two operons, called rocABC and rocDEF, involved in arginine and ornithine 

catabolism, were characterized in B. subtilis . The transcription of these two operons is 

induced by the presence of arginine or omithine in the growth medium and depends on 

the presence of the sigma factor crL The rocABC and rocDEF promoters contain -12 and 

-24 regions almost identical to those observed in sigma 54-dependen! promoters (2). 

Two regulatory genes, roeR and ahrC control the metabolism of arginine in B. subtilis. 

The AhrC protein represses the synthesis of biosynthetic enzymes and activa tes the two 

operons involved in arginine catabolism. AhrC is similar to the ArgR repressor and 

binds in vitro to the promoter of the rocABC operon. It was proposed that binding of 

AhrC causes binding and looping of DNA playing a role equivalen! to that of IHF in 

Gram-negative bacteria (3). The product of the regulatory gene roeR which activates 

transcription of rocABC and rocDEF belongs to the NifA/NtrC family of transcriptional 

enhancers. It contains an activating central domain believed to interact with the crL 

containing forrn of RNA polymera se. Two tandemly repeated Upstream Activating 

Sequences recognized by RoeR are in volved in the expression of the rocABC and rocDEF 

operons (4). 

The levanase operon (levO, levE , levF, levG and sacC) encocles the proteins of a 

fructose-specific phosphotransferase system (PTS) and a levanase able to hydrolyze 

fructose polymers (levan-inulin) and sucrose. The expression of this operon is induced 

by fructose and repressed by glucose. 

Transcription of the levanase operon is controlled by LevR, an activator of the 

NifA/NtrC family which interacts w ith an upstream activating sequence (UAS), 
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centered 125 bp upstream from the transcription start si te (5). The ability of truncated 

LevR polypeptides to actívate transcription to respond to inducer (fructose) or to 

interact with the UAS was tested . The results obtained suggest that LevR ¡5 a 

multidomain protein. The amino-terminal part of the protein is required for DNA

binding whereas the central domain A, allows the activation of transcription. The 

carboxy-termmal region is involved in the modulation of the LevR activity by the PTS. 

It contains two domains B and C, homologous to members of another family of PTS

d ependent regulators such as SacT /SacY from B. subtilis or BglG from E. co/i. In 

response to the presence of fructose, LevR is probably inactivated by phosphorylation 

(in the domain C) via the fructose specific PTS encoded by the levanase operon. It was 

also shown that the PTS is not only involved in negative regulation of LevR but also 

stimulates its activity (probably via a second phosphorylation in the domain B). 

The levanase operan is also subject to carbon catabolite repression involving the 

pleiotropic repressor CepA (catabolite control protein) (6-7). 

l. M. DEBARBOUTLLE, l. MARTIN-VERSTRAETE, F. KUNST and G. RAPOPORT. The 

Bacillus subtilis sigL gene en codes an equivalen! of cr54 from Gram-negative bacteria. 

Proc. Natl. Acad. Sci. USA, 1991, 88: 9092-9096 

2. R. GARDAN, G. RAPOPORT and M. DEBARBOUIILE. Expression of the rocDEF 
operon involved in arginine catabolism in Bacillus subtilis. J. Mol. Biol., 1995, 249 : 

843-856. 

3. U. KLINGEL, C. M. MILLER, A. K. NORTH, P. G. STOCKLEY and S. BAUMBERG A 

binding si te for activation by the Bacillus subtilis AhrC protein, a repressor 1 activator 

of arginine metabolism. Mol. Gen. Genet., 1995, 248: 329-340. 

4. S. CALOGERO, R. GARDAN, P. GLASER, J. SCHWEIZER, G. RAPOPORT and M. 

DEBARBOUILLE. RoeR, a novel regulatory protein controlling arginine utilization in 

Bacillus subtilis, belongs to the NtrC / NifA family of transcriptional activators. J. 
Bacteria!., 1994, 176: 1234-1241. 

5. M. DEBARBOUILLE, l. MARTIN-VERSTRAETE, A. KLIER and G. RAPOPORT. The 

transcriptional regulator LevR of Bacillus subtilis has domains homologous to both 

cr54 _ and phosphotransferase system-dependent regulators. Proc. Natl. Acad . Sci. 

USA, 1991, 88: 2212-2216. 

6. l. MARTIN-VERSTRAETE, J. STULKE, A. KLIER and G. RAPOPORT. Two different 

mechanisms mediate catabolite repression of the Bacillus subtilis levanase operon. J. 
Bacteria!., 1995 (in press). 

7. J. STULKE, l. MARTIN-VERSTRAETE, V. CHARRIER, A. KLIER, J. DEUTSCHER 

and G. RAPOPORT. The HPr protein of the phosphotransferase system links 

induction and catabolite repression of the Bacillus subtilis levanase operan. J. 
Bacteria!., 1995, 177 (in press). 
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Analysis of the mechanism of action of FhiA, the transcriptional 
activator of the formate regulon from E. coli 

S. Hopper, V. Schlensog and A. Bóck 
lnstitute of Genetics and Microbiology, University of Munich, Germany 

The FHLA protein is the transcriptional activator of the genes of the formate regulon 

from Escheríchia coli. FHLA belongs to a subgroup of o54-dependent regulators 
which are activated by binding of an effector molecule to sorne domain presumably 
located in the N-terminal half of the molecule. There is no experimental evidence that 
these regulators are phosphorylated by a sensory kinase. 

FHLA has been purified recent!y and shown to be active in a coupled in vitro 
transcriptionttranslation system (1). Activation requires formate and a certain 
threshold ratio between FHLA and the upstream activating sequence (UAS) at the 
target DNA. Purified FHLA also catalyses a nucteoside triphophatase reaction in 
which the presence of formate significantly improves the apparent affinity for the 
substrate. Oligodesoxynucleotides lacking or possessing the UAS lead to an equal 
and moderate stimulation of ATPase activity in the absence of formate. In its 
presence. however, only the specific DNA. i.e. 1hat containing the UAS, stimulates 
ATP hydrolysis. Under this condition both the apparent Km for ATP and Kcat of the 
reaction are improved (2). 

An in vitro transcription system has been set up for formate- and FhiA-dependent 

transcription activation at the -12/-24 prometer of the fdhF gene from E. coli by J54. 
ANA polymerase. lt requires presence of the upstream activation sequence (UAS) on 
supercoiled DNA. Transcription is independent from the effector formate at 
nucleoside triphosphate concentrations of 400 JJM and above and completely 
dependent on the presence of the effector when the concentration is lowered to 300 
f.JM. lnclusion of nucleoside diphosphates into the system raises the nucleoside 
triphosphate leve! at which specific induction by formate can take place. The 
threshold leveJ of FhiA relative to template DNA required for transcription activation in 
the absence of formate was lowered at high nucleoside triphosphate concentration. 
On the other hand, transcription activation at the fdhF prometer lacking the UAS 
requires an increased ratio of FhiA to promoter plus the presence of formate; high 
ATP concentrations cannot by-pass the effect of formate. These results are 
interpreted in terms of a model which implies that FhiA must undergo a change in its 
oligomeric state for transcription activation and that this oligomerisation is favoured 
by high nucleoside triphosphate concentrations, by the effector formate and by the 
target DNA. In the absence of the target DNA, FhiA can line up at "unspecific" DNA 
and actívate transctiption; in this case, however, presence of formate and a higher 
FhiA concentration are required to stabilise and increase the amount of active 
oligomer. 

(1) Hopper, S., Babst, M., Schlensog, V., Fischer, H.-M., Hennecke. H., and Bóck, 
A. (1994) J. Biol. Chem. 269, 19597- 19604. 

(2) H_opper, S. and Bóck, A. (1995) J . Bacteriol. 177. 2798- 2803. 
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GLOBAL REGULATORS OF GENE EXPRESSION IN YEAST 

R.J. Planta, W.H. Mager, P.M. Gon<;alves, J.G. Griffioen and C.T.C. Maurer 

Department of Biochemistry & Molecular Biology, IMBW, BioCentrum Amsterdam, 
Vrije Universiteit,_ 1081 HV Amsterdam, The Netherlands 

1ñree abundan!, ubiquitous DNA-binding protein factors appear to play a major role in the 
control of ribosome biosynthesis in yeasL Two of these factors mediate the regulation of 
transcription or ribosomal protein genes (rp-genes) in yeasts: The majority of the yeast rp
genes is under the transcriptional control of Rap1p, while a small subset of rp-genes is 
activated through Abflp. The third protein, designated Reb 1 p. which binds strongly to two 
si tes located upstream of the enhancer and the promoter of the rRNA operon, respective! y. 
appears to play a crucial role in keeping the chromosomal rON A units in an optimal spatial 
configuration, possibly by anchoring consccutive enhancers and promoters to the nucleolar 
matrix (Kulkens et al., EMBO J. 11 (1992), 4665). In addition, it has been suggested by 
others that Reb1p may participate in termination ofrDNA transcription. 
All three proteins. however, have many target si tes on the yeast genome, in particular in the 
upstrearn regions of severa! Poi 11-transcribed genes, suggesting that they play a much more 
general role than solely in the regulation of ribosome biosynthesis. The specific functional 
role of these proteins when bound at a given cognate si te seems to be determined by 
neighbouring DNA sequences. Furthermore, sorne evidence has been obtained suggesting 
that these factors influence the chromatin structure and create a nucleosome-free region 
surroWJding their binding si tes. 
In support of the proposed general function of Abfl p. Rap 1 p and Reb 1 p is our recent 
fmding that the binding si tes for these proteins are al ways occupied in vivo, irrespective of 
the growth conditions. Al so the amoWJt of binding of Rap 1 p and Abfl p to the promoters of 
rp-genes did not change significantly when growth conditions varied . 
We have investigated the function of these proteins in reconstituted promoters in the 
chromosomal context. These studies demonstrated that the transcription activation of yeast 
rp-genes requires additional elements, viz . dA/dT-regions, apart from binding sites for 
Abflp or Raplp. In addition, only the proper combination of the various cis-acting 
elements can mediate the characteristic nutritional upshift of rp-gene transcription by adding 
glucose toa culture growing on a non-fennentable carbon source (Gom;alves et al. (1995), 
Nucl. Acids Res. 9, 1475). 
Furthermore, Abflp- and Raplp-binding sites can functionally replace each other in the 
context of rp-gene promoters. In yeast strains, conditionally express ing either the ABF1- or 
the RAP1-gene, both the Abflp.Rap1p and the Rap1p-Abflp chimeric proteins were found 
to be able to complement the growth defect of the respective strains. These findings strongly 
suggest that the C-terminal domains of Abflp and Raplp have similar functions (Gon<;alves 
et al. (1995), Mol. Microbiology, in press). The data taken toge ther suggest strongly that 
the three factors , Abflp. Raplp and Reb1p are primary DNA-binding factors which serve to 
render adjacent (usually down-stream) cis-acting elements accessible to the real, specific 
trans-acting factors. They might help in the recruitment of these factors by protein-protein 
interactions. 
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Connrting E. coli RNA Polymcrase into an Enhancer Responsive 
Enzyme: Role of an N-terminal Leucine Patch in Sigma 54 

Sigma 54 is known to associate wlth E. coli core RNA 
polymerase to form a holoenzyme that can bind DNA but is inactlve 
in the absence of enhancer activation. Mutant polymerases are 
identified that transcribe In an enhancer-independent manner, having 
bypassed the need for enhancer protein and ATP. The mutatlons are 
in a leucine patch within the N-terminal glutamlne-rich domain of 
sigma 54. Multiple leucine substitutions mimic the effect of enhancer, 
suggestlng that the role of enhancer protein is to disrupt this leucine 
patch. The data suggests that 2 activities of sigma 54 jointly confer 
enhancer responsiveness; an inhibitor of polymerase activity and a 
receptor that interacts with enhancer protein to overcome this 
inhibition. 

Jay D. Gralla 

Department of Chemistry and Blochemistry and the Molecular 
Biology Institute, University of California, Los Angeles, CA 90095. 
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B. TRACY NIXON 

Department of Biochemistry & Molecular Biology 
The Pennsylvania State University 

327 South Frear Lab. 
University Park, PA. 16802 (USA) 

Transcriptional Activation by DctD, a Rhizobial cr54-dependent Activator. 

Rhizobium are capable of utilizing dicarboxylates, which are found in soil and are supplied by the 
host, as carbon and energy sources. Thr~ genes are required for the transport of dicarboxylates; 
dctA, dctB, and dctD. DctA encocles the structural protein responsible for transport. DctB and dctD 
gene products are involved in regulating dctA transcription and make up a two component 
regulatory system. DctB, probably a transmembrane protein, has homology to histidine protein 
kinases. DctD is a cr54 dependent transcriptional activator protein which itself is activated by 
phosphorylation by DctB. 

DctD was predicted to possess three separate functional domains. Prior results described an N
terminal regulatory domain, homologous to two-component regulators, that inhibits 
transcriptional activation but not sequence-specific DNA binding, and showed that the central 
domain is sufficient for activation. More recent work shows that: 1) DctD and the N-terminal 
deletion derivative DctD-1.(1-142) bind the dctA UAS cooperatively; 2) additional removal of the 
HtH motif from DctD8(1-142), making DctD8(1-142,405-437), retains a nonspecific DNA binding 
activity; and 3) a subset of 18 point mutants map a surface of the N-terminal domain that is 
required for inhibition of the central domain. This region extends beyond the DctD two
component receiver module, as defined by homology to other regulators. Furthermore, Lee and 
Hoover, my collaborators, have recently shown that DctD crosslinks o54 and the ~ subunit of 
RNA polymerase, strongly suggesting a direct contact between the activator and these 
components of polymerase. Experirnents illustrating these points will be presented. If 
preliminary results are confirmed and extended as expected, it will also be possible to present 
fluorescence emission spectra showing that DctD and a constitutively active point mutant each 
interact with ATP, so binding of ATP is not likely to be the activation step regulated by 
phosphorylation. 
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A SUBUNIT OF THE HUMAN TRANSCRIPTION FACTOR TFIID 
IS A COACTIVATOR FOR MEMBERS OF THE NUCLEAR 

RECEPTOR SUPERFAMILY 

Anne-Ciaire Lavigne, Michael May, Gabrielle Mengus, Xavier Jacq, Laszlo 
Tora, Pierre Chambon, and lrwin Davidson. 

The Hela (h) cell RNA polymerase 11 transcription factor TFIID is a 
multiprotein complex comprising the TATA-binding protein (TBP) and possibly 
up to 13 TBP-associated factors (hTAF!!s) . hTFIID was immunopurified from 
Hela cell extracts and cDNAs encoding 5 hTAF11s were isolated. 

hT AF!!28, is a core hTAF!! present in both of the previously described 
hTFIID species, which either lack or contain hTAF!!30 (hTFIIDa and hTFIID~ 
respectively), and is the homologue of Drosophila (d)TAF!!30~. hTAF!!135 is 
the homologue of dTAF!!110 and is also a core hTAF11. hTAF!!18 is a novel 
hT AF11 which shows homology to the N-terminal region of the yeast TAF11 
SPT3, but has no known Drosophila counterpart . In contrast to hTAF!!28 , 
hTAF!!18 is a TFIID~-specific hTAF11 . hTAF!!55 is also a hTAF!! with no known 
Drosophila homologue and is preferentially, but not exclusively, associated 
with TFIID~. hTAF!!20 is the homologue of p22 an alternatively spliced form of 
dTAF!!30a (p32) . Using a combination of protein affinity chromatography, and 
cotransfection and immunoprecipitation assays, we have identified a series of 
in vitro and intracellular interactions amongst the novel hTAF!!s, and between 
the novel hTAF11s and hTAF!!30 , hTAF!!250 or TBP. The results of these 
experiments reveal difterences, not only in subunit composition, but also in the 
organisation of dTFIID and hTFIID complexes . The role of these hTAF11s in 
gene regulation by members of the nuclear receptor superfamilly will be 
discussed. 
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MUTATIONAL ANALYSIS OF THE N-TERMINAL END OF THE XYLR PROTEIN: 
IMPLICATIONS FOR THE ACTIVATION OF THE REGULATOR 
Juan L. Ramos, Rafael Salto and Asunción Delgado 

CSIC, Department of Biochemistry, 18008-Granada, Spain 

The Pseudomonas putida TOL plasmid encodes a catabolic pathway 
for the metabolism of toluene and related hydrocarbons. The XylR 

regula ter acti vated by hydrocarbon effectors stimulates 
transcription from the "upper" pathway operen prometer. This 

prometer exhibits a modular structure with three domains. The 
domain at -12/-24 is recognized by the RNA polymerase-sigma 54 

complex. In the -44/-66 domain IHF protein acts as a DNA-bending 
protein; and in the -106/-120 and -140/-160 domain, inverted 
repeats are recognized by the XylR regulator. 
The N-terminal domain of XylR has been implicated in interactions 

with effectors. The bases for this role are: 
i) The substitution of Lysine for glutamic acid 172 resulted in 

a mutant with altered effector specificity. The regulator 
acquired the ability to recognize 3-nitrotoluene. 

In vivo kinetics studies with different nitro-substituted 
toluenes indicated that activation of the regulator is substrate 

concentration-dependent, and requires cooperative interactions 

involving the activated regulator. 

i i) Mutations that led to the substi tution of glutamine or 
asparragine for aspartic acid 135 resulted in mutant regulators 

that activate transcription in the absence of effectors, 
suggesting that these mutations mimicked the active form of the 
regulators. These mutant regulators were able to stimulate 
transcription from Pu with a single UAS and did not require IHF 
to stimulate transcription, which suggests that the regulator 
exhibited increased affinity for target sequences and was able 

to mediate DNA conformational changes. 
These mutant regulators were still ab1e to stimulate 2- to 3-fold 

higher induction over the already high basal levels in response 
to toluenes, which suggests that 1) these mutants still allowed 

further changes for improved transcriptional activity, and 2) 
that other residues are important for the active forro of the 
regulator. 
iii) In connection with this point is the finding that 
substitution of serine 85 with proline also resulted in a rnutant 
that stimulates transcription from Pu in the absence of 
effectors, although it required both UASs and needed the IHF 
protein for activity. 
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THE TRANSCRIPTIONAL COACTIVATOR GCN5 lS INVOLVED IN THE CHROMATIN ORGANIZATION 

OF HJS3 PROMOTER. 

P.Filetici*, F. CicCio!í*,C.Aranda §,A.Gonzalez§ and Paola Ballario* 

*Centro di studio per g1i Acidi Nucleici (CNR), Dept.ofGenetics and Molecular Biology, University 
ofRorne "La Sapienza". Italy. 
E-rnail Filetici@axcasp.caspm.it or Ballario@axcasp.caspm.it 
§ Dept. de Microbiologia ,Intituto de Fisiologia celular, UNAM , Mexico DF. Mexico. 
E-rnail arnanjarr@ifcsnnl .ifisiolnnarn.mx 

We have isolated a gene whose sequence analysis has revealed complete homology to GCN5.11ús 
gene has been firstly described by Georgakopoulos and Thireos (EMBO J. 1992 ,11 :4145-4152) as 
a coactivator required to fully induce the t:ranscriptional activation of genes nnder GCN4 or HAP4 
control. Guarente et al. (G.A.Marcus et al., EMBO J 1994,13:4807·4815) dernonstrated successively 
that GCN5 is part of a multiproteic complex and in particular is phisically associated with ADA2. 
The only structural characteristic ofthe CGN5 protein is the presence, at the carboxy terminal, of a 
so called "Bromo" dornain (70 arnino acids long) previously described in other t:ranscript:ional 
activators, hlce the human CCGI protein (fAF250), the Drosophila "Brahrna" protein and yeast 
SW1/SNF2 , but always in association with other fimctional domains (i.e. helícase) . For sorne ofthe 
above mentioned proteins a role in chrornatin organizat:ion has been dernonstrated , nevertheless no 
specific role has been assigned untill now to the "Bromo" domain. 

We have obtained evidences that GCN5 interferes with the nucleosomal positioning over the 
regulatory sequences of HIS3 , a gene nnder its regulation, as dernonstrated by Thireos et al. 
HIS3 is a gene involved in amino acid biosynthesis and its trascription is strongiy induced, in 
starvation conditions (experirnentally obtained by 3A1) , by the yeast transcriptional act:ivator 
GCN4 We have perfonned in vivo chromatin analysis over the prometer region of HIS3 in a 
S.cerevisiae wild type and ~gcn5 isogenic strain . Nucleosomes positioning has been defined by 
indirect end-labellíng hybridizat:ion of chromatin samples treated in vivo with increasing arnonnts of 
micrococcal nuclease. The chromatin analysis perfonned in conditions of induced (starvation) or 
const:itut:ive HIS3 t:ranscript:ion has evident:iated a difference ofthe chromatin organization in the null 
gcn5 upon gene act:ivat:ion. The pattern of chromatin organizat:ion over the promoter region of a not 
regulated yeast gene, like act:in, has been perfonned in order to evident:iate the gene specific fimct:ion 
ofGCN5. We interpret the "less organized" rnutant nucleosornal pattern as a reduced capability of 
the HIS3 prometer region to "open" the chrornat:in structure upon induction without GCN5 
coact:ivator. Nucleosorne phasing analysis has also been perforned over HIS3 prornoter and 

codogenic regions .The results obtained suggest that the phasing ofnucleosomes ofthe ~gcn5 strain 
in the HIS3 prometer region is loosely fixed while the coding region is unaffected by the rnutation. 
These data substant:iate an involvernent ofGCN5 in the organizat:ion ofactive chromat:in ofHIS3. 

In order to know ifthe act:ion of GCN5 is strictily related to the presence of a GCN4 act:ivation site 
in the HIS3 prornoter, we disrupted GCN5 in a yeast strain (frorn K.Struhl), which GCN4 
binding site has been sostituted by GAL4. The growth phenotypes of the rnutants has been 
investigated . 

This work is part:ially supported by the Fondazione Cenci Bolognetti -Pasteur Institut,Universita La 
Sapienza Roma . 
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Redundancy of the integration host factor (IHF) and the HU protein in the 

co-activation by bent DNA of the o5 4 dependent promoter Pu of 

Pseudomonas pulida 

Giovanni Bertoni 

Centro de Investigacione Biológicas-CSIC Velazquez 144,28006 Madrid (Spain) 

The o54 dependent promoter Pu of the TOL plasmid of Pseudomonas pulida is activated 

ata distance by the prokaryotic enhancer-binding protein XyiR ( 1) . The region between 

the upstream activation sequences (UAS) and the binding si te for the o54-containing RNA 

polymerase is intrinsically curved and contains a si te for the integration host factor (IHF), 

the binding of which sustains an optimal promoter geometry (2, 3). However, in the 

absence of IHF, Pu still maintains in vivo (but not in vitro ) a considerable degree of 

XyiR-dependent transcription (4). This can be shown to be kdue to the HU protein, that 

takes over co-regulation of the wild-type Pu by bent DNA when IHF is not available in 

vivo. A hybrid promoter in which the IHF site was replaced by an intrinsically curved 

DNA was fully active regardless of the IHF or HU. The same pattems were observed in 

vitro, where the co-activation effect of IHF could be mimicked not only by HU, but al so 

by the mammalian rion-histone chromatin protein HMG-1, and could be bypassed by bent 

DNA. These result suggest that the functional redundancy of IHF and HU plays a role to 

backup the co-regulation o(Pu through structural changes of promoter DNA. 

(1) Marqués, S. and Ramos, J. L. (1993). Mol. Microbio/. 9, 923-929. 

(2) de Lorenzo, V., Herrero, M., Metzke, M. and Timmis, K. N. (1991) EMBO J. 1 O, 

1159-1167. 

(3) Abril, M. A., Buck, M., and Ramos J. L. (1991) J. Biol. Chem. 266, 15832-15838. 

(4) Pérez-Martín, J., and de Lorenzo, V. (1995) Proc. Natl. Acad. Sci. U.S.A. 9 2, 

7277-7281. 
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transcription initiation in the 
glnHp2 of Escherichia 

promoter 
coli. 

Manuel Carmona and Boris Magasanik 

glnAp2 

Department of Biology, Massachussetts Institute of Technology 
Cambridge, MA 02139. USA 

and 

The glnALG operan of Escherichia coli codes for glutamine synthetase (GS) and the 

nitrogen regulators li (NR11) and 1 (NR¡). (reviewed in 1). The glnHPQ operan of E.coli 

encodes the components of the high-affinity glutamine transport system ( 1). Both operans 

are activated by the nitragen regulator 1 (NR,)-phosphate in response to the nitrogen 

limitation. NR¡-phosphate binds to sites upstream from the a 54-dependent glnAp2 

(glnALG operan) or glnHp2 (glnHPQ operan) and activates transcription by catalyzing the 

isomerization of the closed a 54-RNA polymerase complex toan open complex. On linear 

DNA, the initiation of glnHp2 transcripti on requires in addition to NR1-phosphate, the 

presence of integration host factor (IHF), which binds to a si te located between the NR1-

binding sites and the promoter (2) . On supercoiled DNA, the IHF protein does not play an 

essential role, but enhances the activation of transcription by NR,-phosphate. (2). IHF 

bends the DNA to align the activator with the closed a54-RNA polymerase promoter 

complex to facilitate the interactions that resu lt in open complex formation (3). In glnAp2, 

the IHF protein does not play any role in the initi at ion of the transcription, either in 

supercoiled or linear DNA. Initi al data shows that both , glnAp2 and glnHp2 have greater 

number of open complex when the DNA is superco iled than when it is linear. Our latest 

results suggest that the stability of the open complex, once they are formed, is higher when 

the DNA is supercoiled than when it is linear. Moreover, the glnAp2 promoter has a greater 

number of open complexes than glnHp2, in the absence of the IHF pratein, when both are 

present in a linear form. We found that moving the NR, binding sites of the glnAp2 

promoter 5 bp upstream dramatically decreased the formation of open complex. This 

suggests that both, the pramoter and the sites for the activator, have to be located on the 

same face of the helix. Computer modeling predicts that the glnAp2 promoter has a bend of 

50 degrees in one plane, which may allow the proteins bound at the promoter and the 

activator binding sites interact if they are located on the same face of the helix. 

Furthermore, the addition of 200 bp between the NR, binding si te and the glnHp2 promoter 

increases greatly the number of open complex formed, on linear DNA in absence of IHF. 

Our data suggests that the structure of the sequence located between the glnHp2 promoter 

and the si tes for the activator is in wrong orientation for the initiation of the transcription 
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and the presence of lliF corrects the orientation making an interaction between the cr54_ 

RNA polymerase and the activator possible. This possibility has been reported for other 

systems (4) . 

l. Magasanik, M. (1993) . J .. Cel. Bioch., 51 , 34-40. 

2. Claverie-Martín, F. and B. Magasanik (1991 ). Proc. Nat. Acad. Sci. USA, 88, 1631-

1635 . 

3. Claverie-Martín, F. and B. Magasanik (1992). J. Mol. Biol., 227, 996-1008. 

4. Pérez-Martín, J. and V. de Lorenzo (1995), Proc. Nat. Acad. Sci. USA, 92, 7377-

7281 . 
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Involvement of Sigma Factor o54 in Exponential Silencing of the 

Pseudomonas putida TOL Plasmid Pu Promoter. Cases 1., de Lorenzo V. and Pérez

Martín J. CIB-CSIC. Velazquez 144, 28006 Madrid. Spain 

The o54-dependent Pu promoter of the TOL plasmid pWWO of Pseudomonas puLida 

becomes activated by the prokaryotic enhancer-binding XylR protein when cells encounter m

xylene in the medium. However, even in the presence of the aromatic inducer, Pu activity is 

silenced in vivo during exponential growth of the cells in rich medium . Various elements 

known to be involved in the control of the transcriptional activity of the promoter were 

examined to ascertain the mechanism by which expression of Pu is submitted to the growth 

stage of the cells. A truncated and fully constitutivc XylR derivative deleted of its signal

reception N-terminal domain was found to be subjected to the same exponential silencing that 

the wild-type XylR when exposed to m-xylene. This indicated that the phenomenon is 

unrelated to growth on m-xylene as carbon source and is not due toa late activation of XylR 

by the aromatic effector. A Pu variety in which the integration host factor (IHF) binding si te 

had been functionally replaced by an statically curvcd DNA segment showed an induction 

pattern dependent al so on growth phase, thus ruling out variations in the intracellular levels of 

IHF changes along growth as the element responsible for the inactivity of Pu in growing cells. 

On the contrary, overproduction of the a54 factor relieved the apparent growth-phase 

dependence of Pu expression. Since a54 protein levels remain approximately constant along 

growth, the exponential silencing of Pu seems to be caused ultimately by changes in the activity 

of the factor itself and not by variations of its expression. This effect may not be exclusive to 

Pu, but could be a general co-regulation mechanism in o54-dcpendent promoters that connccts 

transcription of a specific set of genes with the general physiological status of the ce lis. 
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Abstract for the poster 

Expression of the rocDEF operon involved in arginine catabolism 

in BaciUus subtilis 

R. Gardan, G. Rapoport and M. Débarbouillé 

Unité de Biochimie Microbienne, Institut Pasteur, 

Paris (France) 

Two regulatory genes, roeR and ahre, control the metabolism of arginine 

in B. subtilis. We have previously characterized an operan referred to as rocABe 

and which is probably involved in arginine catabolism. The rocA gene encocles a 

pyrroline-5-carboxylate dehydrogenase and the product of roce shares similarity 

with amino acid permeases. The rocE gene is of unknown function. The 

expression of this operan is controlled by a sigma 54-like sigma factor (SigL) and 

by RoeR which belongs to the NifA/NtrC family of transcriptional activators. 

Three new genes, called rocDEF, were found near the roeR gene. The 

roeD gene encocles an omithine aminotransferase. The product of rocE shares 

similarity with the product of roce and the rocF gene encocles an arginase. 

Arginine utilization was abolished in both roeD and rocF mutants in B . 

subtilis confirming the role of these genes in arginine catabolism. The rocDEF 

genes forro an operan transcribed from a -121-24 promoter almost identical to the 

-12/-24 promoter of the rocABe operan. The expression of the rocDEF operan was 

induced by the presence of arginine, ornithine or proline in· the growth medium 

and depended on the presence of both SigL and RoeR. Two tandemly repeated 

Upstream Activating Sequences (UAS) very similar to those previously identified 

in the rocABe system were found centered at positions -120 and -70, respectively, 

upstream from the transcription start site of rocDEF. Theses sequences are 

probably the target of RoeR. Analysis of a roeR '-'lacZ fusion strain showed that 

the expression of roeR is not induced by arginine and is negatively autoregulated. 

roeR mutants leading to constitutive expression of the roe regulan have 

been recently isolated. A molecular characterization of the corresponding 

mutations is in progress. 
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Mechanism for Facilitated Binding of Glucocorticoid Receptor to a 

Nucleosome 

Oiao Li and Órjan Wrange 
Dept. of Cell and Molecular Biology, Medica! Nobel Institute, Karolinska Institutet, S-
171 77 Stockho1m, Sweden 

A nucleosome contains 146-bp DNA wrapped 1.75 turns around histone octarmer, the 
three-dimentional folding of the DNA in a nucleosome brings the distant (80-bp) DNA 
elements into side by side proximity, and sets the more nearby (40-bp) DNA elements 
apart. In glucocorticoid inducible genes, there are often multiple glucocorticoid receptor 
response elements (GRE) organized in one positioned nucleosome. We studied the impact 
of this phenomenen by comparing the binding of glucocortiocid receptor (GR) to 
reconstituted nucleosomes presenting two GREs with different spatial distribution. DNase 
I footprinting analysis and mobility retardation assay revealed that the affinity of GR to the 
nucleosoms depended on the proximity of the GREs in the nucleosomes, or was 
proportional to the linear distance of the two GREs in the DNA. This was in sharp 
contrast to the coorperative GR binding observed in free DNA, which was inversely 
correlated to the distance of the two GREs. However, the contacts of GR to the two 
GREs organized in one nucleosome were the same as to the single GRE containing 
nucleosome, or the same as to the free GRE, shown by DMS methylation protection. Our 
data may support the hypothesis that the function of architectural arrangement of the 
nucleosome is to construct a infrastructure for the regulartory DNA to regulate the access 
of the transcription factors during gene expression. 
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SIGMA-S ANO SIGMA-70-DEPENDENT POLYMERASES ARE REQUIRED TO 
MAINTAIN FULL EXPRESSION FROM THE Pm PROMOTER OF Pseudomonas 
putida ALONG THE GROWTH CURVE. 

Silvia Marqués, M. Trinidad Gallegos and Juan L. Ramos 
CSIC, Department of Biochemistry and Molecular and Cellular 
Biology of Plants, DOT group. 
Apdo. Correos 419, 18008 Granada, Spain 

Transcription from the TOL plasmid Pm promoter is dependent 

on the XylS regulator activated by benzoate effe c t o r s . In a wild -

type E. colí background, e xpression from the Pm promo ter 

determined as 13-gal activity increa s ed with tim e , reaching 

maximal values 3 to 4 h later, and was maintained at a relativel y 

high level afterwards. In the o-S defici e nt background , high 

levels of transcription from Pm were observed in the early 

logarithmic growth phase, but not in the late logarithmic o r 

early stationary phases. When a cloned rpoS gene wa s introduced 

in the mutant strain, XylS/3mBz-dependent transcription from Pm 

during the late stages of the growth curve was restored. The 

transcription init i ation point of Pm wa s the same regardless of 

the growth phase and the sigma-S background. In addition, mRNA 

analysis confirmed the induction result s determined with 13-gal. 

The requirement of sigma-S for stimulation of transcript i on from 

Pm in the late phases was overcome by using a combination of 

certain mutant Pm promoters and the constitutive mutant 

regulator XylSG44S. We suggest that the transcription from Pm 

involves the use of two sigma factors : sigma-70 during the early 

logarithmic phase and sigma-S thereafter. 
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The replication termination proteins of Escherichia coli 

and Baci//us subtilis are polar anti-transcriptases. 

Bidyut K. Mohanty , Trilochan Sahoo and Deepak Bastia. 

Termination of DNA replication in prokaryotic chromosomes 

occurs at spec ific replication termini that are recogn ized by 

replication termination proteins . The terminator prote ins of 

Escherichia coli and Bacillus subtilis , called ter (tus) and RTP 

respectively, impose polar blocks on replication fork movement at 

the replication termini . The blockage is mostly or perhaps 

excusively due to the polar contrahelicase activity of the ter protein 

(or RTP) that impedes the replicative helicase catalysed DNA 

unwin ding . 

We have investigated other biochemical activities of ter 

protein and of RTP and have discovered that both are polar anti 

transcr iptases . The anti-transcriptase and contrahelicase activities 

are isopolar. We have also discovered that passage of an RNA 

transcript through a replication terminus funct ionally inactivates 

the latter in vivo . In vitro, RNA transcription abrogates the 

contrahelicase activity of the terminus-terminator protein complex. 

Thus , we believe that the raison de 'tre for the anti -transcriptase 

activity is to protect replication term ini from transcriptional 

inactivation . 
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Transcription repression mechanism of Phage <1>29 
transcription regulator at the early A2c promoter. 

María Monsalve, Mario Menda, Fernando Rojo and Margarita Salas. 

Centro de Biología Molecular S.O. (CSIC-UAM) Cantoblanco, 28049-Madrid. 

Regulatory protein p4, modulates transcription of phage Cl>29 by 
repressing the two main early promoters A2b and A2c, while simultaneously 
activating the late A3 promoter (Barthelemy, 1989; Rojo, 1991; Monsalve, 1995). 
Repression of the A2b promoter is exerted by hindering the binding of the RNA 
polymerse to the promoter (Rojo, 1991), while activation of the A3 promoter 
implies the p4-mediated stabilization of the RNA plymerase to the promoter in 
a process that involves a direct interaction between the two proteins ( Nuez, 
1992; Menda, 1993). We have recently studied the mechanism by which protein 
p4 represses the A2c promoter. 

Using various in vitro techniques, we ha ve observed that protein p4 and 
the RNA polymerase, bind simultaneously and cooperatively to the A2c 
promoter. Therefore, protein p4 should repress transcription at the A2c 
promoter through the blockage of a step following the formation of the closed 
complex. By KMn04 footprinting, we observed that p4 does not prevent open 
complex formation. Nor does p4 interfere with the incorporation of the first 
initiating nucleotides, as determined by gel retardation assays . In these 
conditions the repressed complex showed a different DNasei footprinting, 
suggesting a modification of the complex. Short abortive thanscripts were also 
produced in the absence and presence of protein p4. In the presence of protein 
p4 and the four NTPs, the RNA polymerase could not leave the promoter, that 
implies that p4 repression acts at the promoter clearance step. 

Protein p4 is known to actívate transcription at the late A3 promoter by 
interacting with the RNA polymerase through a short carboxy terminal domain 
(Nuez, 1992; Menda, 1993). In fact, a point mutation in Arg120 renders a 
protein p4 derivative that binds to DNA normally, but is unable to activate 
transcription and to interact with RNA polymerase. We have shown that this 
p4 mutant is also unable to repress the A2c promoter. 

Therefore, it is likely that protein p4 represses the A2c promoter by 
interacting with the RNA polymerase in a way that holds it at the promoter. 
Under these conditions, the RNA polymerase can make short transcripts but 
cannot lea ve the promoter.The interaction is likely to be mediated by protein p4 
residue Arg 120. 
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THE BACfERIOPHAGE AP L PROMOTER AND ITS RESPONSE TO ENVIRONMENTAL 
STRESS 

Hilla Giladi 1 , Daniel Goldenberg 1, Akira Ishihama2
, Simi Kobyl, and 

Amos B. Oppenheim 1• 
1 Deparnnent of Molecular Genetics, Hebrew University

Hadassah Medica! School, P.O. Box 12272, Jerusalem, 91120, Israel. 
2Deparnnent of Molecular Genetics, National Institute of Genetics, Mishima, 

Shizuoka 411, Japan. 

The PL promoter is expressed early in bacteriophage A infection and 
is regulated by the CI and Cro repressors. The PL promoter is composed of 
two tandem promoters, the major PL promoter anda minor upstream PL2 
promoter. Both promoters are affected by integration host factor (IHF). IHF 
represses PL2 and stimulates the major PL promoter. Furthermore, the PL 
promoter responds to DNA supercoiling. We have shown that the e-terminal 
portion of the a subunit of RNA polymerase plays an essential role in the 
expression of both promoters. 

Experiments with JaeZ reporter gene fusions demonstrated that the 

activity of the phage A PL promoter is inversely dependent on temperature. 
It was demonstrated that increase in DNA supercoiling plays an important 
role in the stimulation of the PL promoter at low temperature. 

RNA polymerase recognizes three promoter regions, the -10, -35 and 
an AT-rich region centered at -50, the UP element, which can interact with 

the C-terminus of the a subunit of RNA polymerase. 
An UP element was identified in the A PL promoter centered at position 

-90 from the transcription start site. We found that the a subunit of RNA 
polymerase interacts with the UP element in a region nested within the 
region protected by IHF in DNase I footprinting. 

From these results we suggest that the UP element, located at a 
distance from the core promoter, is presented by IHF for interaction with 

the C-terminus of the a subunit of RNA polymerase. According to this 
model IHF acts at PL by bending the DNA in a specific way. This mode of 

action of IHF is similar to its function in the stimulation of A site specific 

recombination and in the activation of promoters transcribed by o54 RNA 
polymerase. Alternatively, it is possible that, in the stimulation of PL by 

IHF, IHF and the a subunit of RNA polymerase interact at the DNA surface. 
In the absence of IHF, the PL2 promoter is derepressed, the UP element is 
utilized to enhance PL2 promoter activity. 
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Fine tuning of the level of the protein that initiates and termina tes 

plasmid pUBllO leading strand replication by repression of its 
promoter from a distant binding site 

F. Rojo and J.C. Alonso 

Centro Nacional de Biotecnología, CSIC, Campus de la Universidad Autónoma de 

Madrid, Cantoblanco, 28049-Madrid, Spain 

Modulation of the activity of a promoter by a regulatory protein bound to a 

distan! si te is most frequently achieved by an interaction of the regulator either with 

other regulatory proteins or with the RNA polymerase; in this latter case the 

intervening DNA is normally bent to bring both proteins into proxirnity. We have 

found that protein RepU, that functions as the initiator and terrninator of the leading 

strand replication in plasmid pUBllO, regulates the synthesis of its own gene by 

binding to a target (the replication origin, dso) distant from the RNA polymerase 

binding site and interfering with promoter utilization by a mechanism that differs 

from those mentioned above. 

Plasrnid pUBllO, that replicates via a rolling circle mechanism, regula tes its copy 

number by lirniting the availability of the RepU protein. The amount of the initiator 

protein is kept at a low lirniting leve!, since an increase of its concentration leads to 

an increase in the replication initiation events. The control is exerted at severallevels. 

The expression of the repV gene is regulated by an antisense RNA (IncA) that 

interferes with repU mRNA translation. In addition, the amounts of "active'' RepU 

protein are also controlled. RepU is a monomer in solution, but binds to DNA as a 

dimer. An "active" RepU dirner is used for initiation oruy once per replication event; 

re-utilization is prevented by a covalent modification of one of the subunits when 

replication of the leading strand is completed, giving rise to the so called RepU

RepU* heterodimer. RepU* is inactive as initiator. We have observed that RepU 

levels are limited by a third mechanism, in which the RepU-RepU* protein mixture 

acts as a repressor of the promoter for the repV gene in an unusual way. Both the 

unmodified RepU and the RepU-RepU* protein mixture bind to the dso region with 

high affinity, though with different outcomes. At half-saturating protein 

concentrations, about 2 RepU or 6 RepU-RepU* protomers bind to the dso region. At 

higher protein concentrations, the stoichiometry of the "active" RepU with the dso 

remains unaltered, whereas the RepU-RepU* protein mixture forms an extended 

complex whose length depends on the RepU-RepU* concentration. We have 

localized the promoter for the repV gene, which lies downstream of the dso region, 

and shown that it is efficiently repressed by the RepU-RepU* complex. Since the 

RepU-RepU* protein mixture cannot bind to the promoter, we propase that it 
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interferes with promoter utilization by initially binding to the dso, located about 140 

bp upstream from the promoter start si te, and reaching the RNA polymerase binding 

si te by polymerizing over the DNA in a concentration dependent way. Therefore, the 

way of binding of the RepU-RepU• protein mixture to the dso DNA offers an elegant 

and sensitive repression mechanism to fine! y control the amount of RepU protein in 

the ce!!. Since the cooperative polymerization event is very sensitive to the 

concentration of RepU, small increases in the intracellular RepU concentrations 

could quickly cover the promoter region and inhibit further RepU synthesis. 
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EXPRESSION ANALYSIS OF HYDROGENASE STRUCTURAL GENES 
(hupSL) FROM Rhizobium leguminosarum bv viciae 

T. RUIZ-ARGÜESO,'BRITO, B.l J.M . PALACIOS', J. IMPERIAL'·2, (l) Lab. 
Microbiología and (2) C.S.I.C; ETS Ingenieros Agrónomos, Univ. Politécnica de 
Madrid, 28040 Madrid, Spain 

The genetic determinants for the H2-uptake (hup) system of Rhizobium leguminosarum 
bv. viciae UPM791 have been characterized in our laboratory [1-4]. At least 18 genes 
are necessary for synthesis, assembly, and regulation of a functional uptake 
hydrogenase, responsible for recycling the H2 generated in the nitrogenase reaction. The 
first 12 genes (hupSLCDEFGHIJK hypA) are only expressed in symbiosis with the 
legume host. Hydrogenase structural genes (hupSL) are transcribed from a -24/-12 
promoter (P1). Within the PI regulatory region, an IHF-binding consensus sequence is 
present, and binding of Escherichia coli IHF to it was demonstrated. We have followed 
three approaches to study the regulation of P1 expression: 1.- Study of the spatial/ 
temporal pattern of expression of PI in pea nodules by RNAin situ hybridization. We 
were able to show that hupSL are exactly co-expressed with nif genes, suggesting that 
they respond to similar environmental stimuli and activating proteins; 2.- Study of the 
effect of NifA on Pl activation. By using hupL-lacZ fusions in the heterologous 
Klebsiella pneumoniae host, NifA-dependent expression of PI promoter was 
demonstrated. The activation of hupL-lacZ fusion by K. pneumoniae NifA was also 
observed in the genetic background of E. coli. The binding of NifA to PI DNA was 
required for this activation. 3.- Search for NifA-binding site in the PI regulatory region. 
De1etion analysis identified an 85 bp region (positions -88 to -172) that was essential for 
activation . Within ttiis region a palindromic sequence ( 'ljJUAS), TGA N 1 o TCA, 
reminiscent of known NifA-upstream activating sequence (UAS), TGT NIO ACA, was 
identified. However, a series of hupL-lacZ fusions mutated in the 1jJ UAS ( G to A, C to 
T, the first Ato TI the last T toA) showed the same overall pattem of responsiveness to 
NifA as the wild type PI promoter. These results strongly suggest that, in R . 
leguminosarum , the expression of hupSL genes is under control of NifA, probably 
through binding to unidentified non-consensus UAS located at the -1721-88 promoter 
region. Supported by CICYT (BI093-0046) and DGICYT (PB91-0120). 1.- Hidalgo et. 
al. (1990). Plant Mol. Biol. 15: 367-370; 2.- Hidalgo et al. (1992). J. Bacteria!. 171: 
4130-4139; 3.- Rey et al. (1992). J. Mol. Biol. 228: 998-1002; 4.- Rey et al. (1993) . 
Mol. Microbio!. 8: 471-481. 
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MEeHANISM OF AeTNATION OF THE PROKARYOTie ENHANeER BINDING PROTBN 

NTRe 

Ulrike Fiedler, Inga Mettke and Verena Weiss, Dept. of Biology, University of 

Konstanz, D-78434 Konstanz, Germany 

The response regulator Ntre is the transcriptional regulator for nitrogen regulated 

promoters and is activated by phosphorylation of its N-terminal receiver module. 

Active Ntre-P has an ATPase activity which is required for transcriptional activa

tion. Ntre consists of three domains, the N-terminal receiver module, the central 

output domain carrying the ATP-binding site and the e-terminal dimerization and 

DNA-binding domain. Interactions between these domains play a critica! role in 

the regulation of activity of Ntre and NtrC-P. 

To study these domain interactions we analyzed fusion proteins between 

various domains of NtrC and the N-terminal DNA-binding domain of A.-repressor. 

Based on the analysis of these fusion proteins we have previously shown (EMBO ]. 

14, 3696-3705), that the receiver domain is a potential dimerization domain. In 

unphosphorylated NtrCreceiver and output domain interact leading to inhibition of 

the receiver domain. Phosphorylation relieves inhibition and induces oligomeri

zation of Ntre-P via the receiver domain. This oligomerization is essential for 

activation, dimeric NtrC-P ís inactive. 

The e-terminal domain is homologous to FIS and involved in DNA-binding, 

bending and constitutive dimerization. We show, that this domain is also 

responsible for co-operative binding of unphosphorylated NtrC to DNA. We have 

isolated Ntre -mutants (S422P and E423G), where this co-operative interaction is 

abolished. eurrently we are analyzing the effect of these mutations on the 

activation of Ntre in vitro. 
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