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STRUCTURAL STUDIES OF RNA POLYMERASE COMPLEXES FORMED DURING
RNA CHAIN INITIATION AND ELONGATION

Michael J. Chamberlin, Curtis Altmann, Sandra Milan and David Solow-Cordero

Division of Biochemistry and Molecular Biology; University of California; Berkeley, CA 94720
USA

Ternary complexes of RNA polymerase are intermediates in three major steps in transcription,
initiation, elongation and termination, and each of these steps is a target of regulatory pathways.
We have approached the study of the mechanism of these steps by developing methods to isolate
intermediate complexes of the E. coli RNA polymerase, followed by biochemical studies of their
structure and properties (Levin ef al., 1987, Krummel and Chamberlin, 1991; Krummel and
Chamberlin, 1992ab). These studies have revealed an unexpected complexity of the initiation and
elongation process. Translocation of the polymerase along the DNA is not synchronized with
addition of each nucleotide residue to the RNA chain, but appears to be periodic, occurring after
addition of 8-12 residues. The structure of different complexes along a transcription unit,
determined by DNA and RNA footprinting varies dramatically. The sensitivity of the RNA
transcript in the region near the growing point to single strand specific RNases, together with the
sensitivity of the template strand to permanganate cleavage, suggests that there is little or no
formation of DNA-RNA hybrid in ternary complexes. Instead, RNA binding to the polymerase
protein appears to play a major role in complex stability.

Complexes halted during transcription can undergo two unexpected and novel reactions.
Some complexes rapidly lose the ability to resume elongation, entering a "dead end" state (Arndt
and Chamberlin, 1990; Krummel and Chamberlin, 1992ab). Some complexes undergo transcript
cleavage at sites 2-10nt from the 3' terminus of the transcript, and rapidly release the resulting 3'
terminal fragment (Surratt ef al., 1991). The resulting 5'-terminal fragment remains bound in the
ternary complex, and can then be elongated normally. Recent studies from the laboratories of
Asis Das and Alex Goldfarb suggest that both dead end complexes and the transcript cleavage
reaction are physiologically significant reactions in E. coli.
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KINETIC AND STRUCTURAL EVIDENCE FOR Mg2+-DRIVEN CONVERSION
OF OPEN COMPLEXES (RPgpy +~3Mg2+ - RPg2) ON THE PATHWAY TO
TRANSCRIPTION INITIATION BY Ec70 RNA POLYMERASE

M. Thomas Record, Jr., Won Chul Suh, Sigrid Leirmo, and Paula J. Richey,
Departments of Chemistry and Biochemistry, University of Wisconsin-Madison
Madison, WI 53706

In vitro structural studies of open complexes involving Escherichia coli RNA
polymerase and the APR promoter, using potassium permanganate, demonstrate the
existence of two types of open complexes, RPo1 and RPg2, in which strand opening in
RPo1 (~10-12 base pairs) is less complete at both extremes than in RPg2 (~14 base
pairs). The conversion of RPy1 to RPo2 appears rapid under the conditions
investigated. This conversion is strongly dependent on the presence of Mg2+ but
weakly dependent on temperature, indicating that uptake of Mg2+ is the primary
requirement for the conformational transition of RPoq to form RPo2. Analogous
behavior is observed for the /acUV5 promoter. Kinetic studies on the APg promoter
provide further evidence for the existence of at least two mechanistically-significant
forms of open complexes. In this proposed mechanism the intermediate open
complex, RPy1, takes up approximately 3 Mg2+ to form RPgp. The overall mechanism,
including the various steps at which ions are taken up to form closed or open

complexes, is therefore

3Mqg?2+
k1 ko k3 M:

R+P &RP¢1 @ RPgp &BPo1 & RPo2
k-1 k-2 k-3 k-4
6Mg2+(or 12Na+) 4Mg2+(or 8Na+)
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~ Sequences Involved in the Activation of E.coli Promoters
R. Knaus, M. Berlin, R. Lutz and H. Bujard
ZMBH, University of Heidelberg

The in vivo activity among unregulated E.coli promoters can differ by several orders of
magnitude. In addition the activity of individual regulated promoters may be modulated over a
wide range by negatively and/or positively acting regulatory proteins. What are the principles
which determine promoter activity and how can this activity be controlled by regulatory
systems?

Promoter activity or promoter strength is defined by the rate at which productively transcribing
RNA polymerases leave the promoter region in their "elongation state". Consequently each step
preceeding:this event can in principle be rate limiting and thereby determine the strength of a
promoter (Fig.)

22 5@ e

R+P &= RPc = [RP1] =X RPo ~~—) RP{ ——) RONRal

Pathway of RNA-polymcrase promoter {nteraction, Upon encountering & promoter
sequence RNA polymegase forms a complex in which the DNA Isstill in a “closed™ state (RP).
By passing thrfugh intermediate states (RP!) the “cpen” complex (RPo) is cmb!lshcd in which
astretch of 102015 bp is melted. RPo is assumed to readily initinte RNA synthesis (RPi). Upon
a drastic conrglrmnlional change the enzyme clears the promoter engoged in the elongation
complex (RDNA«)
We have identified promoters which are limited in their function at different steps within the
pathway of polymerase promoter interaction such as promoter recognition and formation of a
first stable Fomplcx, various isomerisation steps leading to the open complex and clearance of
the promoter by an elongation complex. In a number of promoters sequence elements can be
correlated with partial functions of the overall process of promoter RNA polymerase interaction
and it turns out that sequences upstream as well as downstream of the core promoter (spanning
from +1, the transcriptional start site, to -35) can play a decisive role in promoter function (for
review see ref, 1). The functional program of a promoter can be optimized in different ways
suggesting an adaption of a promoter to the mode by which its activity is regulated. Three
prototype promoters were investigated in more detail:

- the unregulated promoter Pns of virulent coliphage T3
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- the negatively controlled promoter P of coliphage A

- the positively and negatively regulated P,c of the E.coli lac operon.

PnN2s is a strong promoter in vivo. It is recognized by RNA polymerase at an extremely: high
rate (ky=~ 3x108 M-1 s-1) and has a high homology score i.e. it resembles closely the consensus
sequence derived from a collection of more than 100 promoter sequences.

By constra$t Py, has a low homology score and is recognized about 30 times less efficiently by
RNA polymerase since its core region is highly deoptimized for early steps of the
promoter/RNA polymerase interaction. Thus, Py, appears as a paradigme for promoters which
are tightly repressed in the "classical” mode i.e. RNA polymerase and repressor compete for
ovcrlappin; binding sites. Interestingly, when derepressed Py is an even stronger promoter in
vivo than Pnas. This is largely due to upstream sequences in which the ATAAAT motive plays
a major role. This sequence motive though located around position -53 can drastically influence
the rate of RNA polymerase binding.

Pjac is recognized extremely inefficiently by RNA polymerase and can therefore be tightly
repressed by the lac repressor. In presence of the cAMP/CRP activator it is converted into an
efficient pxﬁmotcr which now cannot be as tightly repressed anymore as in its non-activated
form. We have varied the Placwi-sequence in several ways in particular by changing the site for
activator binding and measured the activity of these promoter variants in vivo in the presence
and absence of cCAMP/CRP as well as of AraC/arabinose (2). Whereas both activators strongly
stimulate transcription from Pjacyw¢ the different variants are activated to various extends. To
examine wpcthcr these activators contribute to promoter recognition we have monitored their
effect in vivo also in the repressed state, since the repression factor is indirectly proportional to
kon, the ralte of complex formation between RNA polymerase and promoter (3). Our data
suggest that both activators can increase the rate of promoter recognition in vivo. In the context
of Pjac this appears to be the major effect of activation. However, results with other promoters
indicate that also late steps such as promoter clearance may be facilitated by the two activators
studied.

1. Knaus, R. and Bu;ard H. (19%90)
Pnnclples Governing the Activity of E.coli Promoters.
yuclcu: Acids and Molecular Biology 4; Eds. Eckstein/Lilley,
Sprmget Verlag, 110-122.

2. Schieif, R, (1987)
"The L-Arabinose Operon" in "E.coli andS.typhjimurium”
ed. Neidhardt, F., ASM-Press, Washington, USA., pp. 1473 148.

3. Lanzer, M. and Bujard, H. (1988)
Promoters largely determine the efficiency of repressor action.
Prog¢.Natl.Sci, USA, 85, 8973-8971.
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Why is the promoter of the bgl operon cryptic in the wild type?
Karin Schnetz and Bodo Rak, Institut fiir Biologie III, Universitit,
Schénzlestr.1, D-7800 Freiburg, Germany, Phone: +49 761 203-2711,
Fax: + 49 761 203-2745, E-Mail: Schnetz@sun1.ruf.uni-freiburg.de

The promoter of the bgl operon of E.coli is very weak causing crypticity of
the operon in the wild type. It is, however, activated by various types of spontaneous
mutations (see Rak and Schnetz (1992)). These are (i) transposition of mobile
elements IS1 and IS5 into the vicinity of the promoter, (i) point mutations improving
the CAP binding site, and (iii) deletion of an upstream AT-rich region. (iv) The
operon is also activate in gyrase or hns (bglY, osmZ) host mutants.

While trying to study the mechanisms of activation of the promoter by the
various types of mutations we recognized that it would be crucial to try to first
understand the reason for crypticity of the promoter in the wild type state. Some
relevant data to this end: (i) Substitution experiments revealed that the lac promoter is
inactivated in the bgl context, t00. (ii) The lac promoter was also inactive in this
context when the entire promoter region including the CAP binding site was
substituted for the lac promoter region including its CAP site. (iii) Substitution of the
bgl promoter together with its CAP binding site for the CAP-independent JacUV5
promoter again resulted in inactivity of the substituted promoter. Taken together these
data indjcate that inactivation is context-specific rather than promoter or CAP-site

specific.

Additional experiments revealed that inactivation of promoter activity is
brought about by the concerted interaction of upstream and downstream bgl
sequences: Promoter-silencing is releaved when an AT-rich sequence located upstream
of the CAP binding site is deleted. It is also releaved when the whole promoter region
(with the bgl promoter or its various substitutions) including the upstream AT-rich
region is placed in front of the lac operon instead of the bgl operon.

A model on the mechanisms of silencing as well as of promoter activation by
the various mutations will be presented on the poster.

Schnetz, K. and B. Rak (1992) JS5: a mobile enhancer of transcription in Escherichia coli® Proc. Natl.
Acad. Sci. USA 89, 1244-1248.
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Transcriptional regulation of repA, the gene of the Pseudomonas plasmid pPS10
replication protein.

Dario Garcla de Viedma, Maria Jests Ruiz-Echevarria, Rafael Giraldo Su4rez, Rudy Lurz* and
Ramén Diaz Orejas

Centro de Investigaciones Biol6gicas del CSIC. Velazquez 144, 28006 Madrid. Spain. *Max
Planck Institut for Molecular Genetics. Ihnestrasse73. D-1000 Berlin 33, Dahlem, F.R.G.

The RepA protein of plasmid pPS10 has a dual function: it promotes replication from specific
region of the plasmid, the origin of replication, and it Is a repressor of its own synthesis (Nieto
et al. J. Mol. Biol. 223, 415-426, 1992). It is thought that RepA interacts with the origin of
replication In a region containing four direct repeats of 22 bp (iterons). In this communication
we analyze transcription of repA and evaluate the RepA-DNA interactions that autoregulate
expression of this gene.

We have determined the 5°and 3° ends of the repA transcript. The promoter of repA has been
defined to a 90 bp region. This region is adjacent to the origin of replication, can promote
transcription of a /acZ reporter gene and contains a preferential RNA-Polymerase binding site.
Sequence analysis identified in this region, and at the appropriate distance of the transcription
initiation point, the -10 and -35 boxes of a typical 670 promoter.

Transcription of the /acZ reporter gene driven by the repA promoter can be inhibited >80% by
the RepA protein in trans. Mutations in a sequence that shares homology with the iterons of the
origin, and that is located between the -10 and -35 boxes of the promoter, prevent
autoregulation mediated by RepA. Possible interactions of the RepA protein with the iterons of
the origin or with a 11 bp sequence that precede the repA gene and that shares homology with the
iterons, do not have an effect in autoregulation. This indicates that the RepA protein
autoregulates its own synthesis at the transcription Initiation level and shows that the mutated
sequence is either the main target for autoregulation or an essential part of it.

Partially purified preparations of the RepA protein are able to form specific complexes with a
fragment that includes the origin of replication and the promoter of repA. Protection
experiments Indicate that the RepA protein binds to a 45 bp region that extends from the -10
box of the promoter to the dnaA box of the origin of replication. This region contains two
out-of-phase inverted repetitions of 6 bp. The sequence of these repetions is found in the
iterons of the origin. Further analysis of RepA-DNA complexes suggests that RepA enters in this
region in two stages: the first stage implies protein-DNA interactions and the second one
protein-protein interactions. The region protected by RepA after this second entrance Is similar
in lenght to the one protected by the first entrance but the pattern of protection is altered and
the protection seems to be stronger. The RepA protein preparation interacts much more
efficiently with the promoter of repA that with the iterons of the origin. The implications of
these findings for regulation of the pPS10 replicon will be discussed.

This work has been founded by Projects from the Spanish CICYT, BIO88- 049 and BIO91-1055.
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POLYPEPTIDES CONTAINING HIGHLY CONSERVED REGIONS OF

TRANSCRIPTION INITIATION FACTOR ¢’? EXHIBIT SPECIFICITY OF
BINDING TO PROMOTER DNA

Carol A. Gross, M. Thomas Record, Jr., Deborah A. Siegele, William A. Walter and

Alicia J. Dombroski, Department of Bacteriology, University of Wisconsin, Madison, WI
53706

The o790 transcription initiation factor of E. coli is required for sequence-specific

recognition of promoter DNA. Genetic studies and sequence analysis has indicated that o7°
possesses two regions, referred to as regions 2 and 4, that recognize the two conserved

portions of the prokaryotic promoter, the -10 and -35 hexamers. Purified intact ¢70

however does not bind DNA. We hypothesize that assembly of intact 679, with core RNA
polymerase, is necessary to induce a conformational change that reveals its DNA binding

domains. We have examined the question of whether 679, in the absence of core RNA
polymerase, is able to recognize and bind to promoter DNA by constructing a series of in-
frame fusions between glutathione-S-transferase (GST) and various partial polypeptides of

679, The purified fusions were characterized in vitro using nitrocellulose filter binding
assays. A fusion carrying conserved region 4 binds preferentially to ptac promoter DNA
and shows specificity for the -35 consensus hexamer. A fusion carrying conserved region
2, also prefers promoter over non-promoter DNA, and shows specificity for the -10
consensus sequence. A fusion combining the predicted DNA binding portions of regions
2 through 4 demonstrates specificity for both the -10 and -35 promoter sequences.

Mutations in 670, which confer altered promoter recognition phenotypes upon holoenzyme
in vivo, were incorporated into a GST fusion and analyzed for binding specificity in
vitro. Mutations RC584 (Arg to Cys at 584) and RF588 (Arg to Phe at 588) displayed
the same promoter preferences in vitro as determined for holoenzyme carrying the mutant
679 in vivo. Longer fusions, containing progressively more of the amino terminal
residues, became increasingly less capable of binding both promoter and non-promoter
DNA. These results therefore support the genetic evidence for the participation of 670 in
promoter recognition and support an allosteric model whereby DNA binding ability is only

conferrred when the amino-terminal segment of 670 (amino acids 1-360) is deleted or
assumes a conformation that unmasks the DNA binding domains.
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ISOLATION AND CHARACTERIZATION OF THE MAJOR

VEGETATIVE RNA POLYMERASE OF STREPTOMYCES
COELICOLOR A3(2); RENATURATION OF A SIGMA SUBUNIT
USING GroEL, Mask Buttner, 'Kelly L. Brown, 2Steven Wood,
"John Innes Institute, John Innes Centre, Colney Lane, Norwich NR4
7UH, UK and *Department of Crystallography, Birkbeck College, Malet
Street, London WCIE 7HX, UK
The promoter region of the dagA genc is complex; it consists of four
distinct promoters with different -10 and -35 regions. We veport the
isolation of a form of RNA polymerase that mediates transcription in
vitro from the dagAp4 promoter. The core components of this RNA
polymerasc in association with a polypeptide of ca. 66-kDa direct
transcription from the dagAp4 promoter; holoenzyme reconstitution
cxperiments show that the 66-kDa polypeptide functions as a sigma
factor to direct transcription from both the dagAp4 and veg promoters in
vitro. Alignment of the DNA sequences of these two promoters shows
they have bases in common at the -10 and -35 regions and these
sequences are similar to those observed for the major RNA polymerases
of other bacteria. N-terminal amino acid sequence analysis of the 66-
kDa polypeptide revealed it to be the product of the ArdB gene. Previous
experiments showed that the predicted amino acid sequence of the hrdB
product is very similar to major sigma subunits of other bacteria and that
disruption of the hrdB gene is lethal. These observations together lead
to the conclusion that we have isolated the major RNA polymerase of
Streptontyces coelicolor A3(2).

" We have developed an improved protocol for the renaturation of
sigma factors that have been isolated by preparative SDS-polyaerylamide
gel electrophoresis. This method involves renaturing the polypeptide in
the presence of the bacterial chaperonin GroEL. We expect this protocol
to find general application for renaturing other polypeptides that have
been subjected to SDS-polyacrylamide gel electrophoresis.
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Regulation of gene expression during sporulation in Bacillus subtilis

Patrick Stragier
Institut de Biologie Physico-Chimique, Paris, France

In response to nutrient starvation the soil bacterium Bacillus subtilis is
able to start a developmental process which culminates with the release of a
dormant spore. Sporulation involves the formation of two cell types, the
forespore and the mother cell, that are created by an asymmetric septation
which divides the bacterium in two unequal compartments. Differential
gene expression in the two cells is governed by the successive appearance
of new sigma factors that are active only in one cell type. The overall
process is schematized below.
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The four cell-specific sigma factors, oF, oF, oG, and oK, are
controlled at the level of their activity. Intricate mechanisms delay the
appearance of these sigma factors in active form and coordinate gene
expression between the two cells. The data currently available indicate that
the two cells "talk" to each other and send signals that induce in the other
cell the switch to the next developmental stage. The whole sporulation
program appears now to depend on four signal transduction pathways that
activate the successive sigma factors once specific morphological structures
have been achieved.
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M.S5.Thomas, G.Wegrzyn and R.E.Glass

Until recently, the role of the RNA polymerase a subunit in
transcription has remained obscure. However, the isolation of
several a mutants which exhibit impaired transcription of certain
genes subject to positive control has provided evidence for a
functional interaction between this subunit and specific
activator proteins. We have been studying one such mutant,
YpoA341 (formerly phg), which results in decreased expression of
the positively-regulated mel, ara and cys operons, and is
characterized by the substitution of a glutamate residue for a
lysine at position 271 in the 329 amino acid polypeptide.

Extending our studies further with this interesting mutant
we provide evidence for a functional interaction between the
bacteriophage )sregulatory proteins cI and c¢II and the « subunit
during transcription activation. Unlike the MelR, AraC and CysB
activators, however, the binding sites for cI and cII overlap the
-35 consensus hexamer at their target promoters. Therefore the
contact site on RNA polymerase for at least some activators of
this type (the so-called Contact Site II) is also presumably
located on the a subunit. Furthermore, we have utilized the
rpoA341 mutant as part of a genetic screen for the isolation of
novel a mutants. Our results suggest that replacement of the
extreme C-terminal 47 amino acids of the a subunit, comprising
part of the so-called Contact Site I for transcriptional
activators, by a missense sequence of equivalent length does not
prevent the resultant RNA polymerase from supporting cell growth.
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Upstream activation of ribosomal RNA transcription in E. coli.

Wilma Ross, Janet T. Newlands, Lin Rao, Khoosheh Gosink, Alex Appleman, A.J. Bokal,
Michael Bartlett, Julia Salomon, Cathleen A. Josaitis, Irene Castano, and Richard L.
Gourse.

Department of Bacteriology, University of Wisconsin, 1550 Linden Drive, Madison, WI
53706 USA.

Ribosomal RNA transcription is the rate-limiting step in ribosome synthesis. Under
conditions of rapid growth, more than half of the cell's RNA synthesis is rRNA. That is,
at these times, the seven rrn P1 promoters transcribe more RNA than the rest of the
promoters in the cell combined. rRNA transcription is subject to at least two regulatory
systems, growth rate dependent control and stringent control. The subject of this
presentation is the mechanism that accounts for the extremely high activity of the rRNA
promoters.

The -10 and -35 hexamers of the rrn P1 %omoters are close matches to the
consensus for E. coli promoters recognized by Es™, accounting in part for their high
activity. For example, rrnB P1 has a perfect -10 sequence, TAATAT, and the -35
sequence, TTGTCA, deviates from consensus at only one position. Spacing between the
two hexamers is 16 base pairs, compared to the consensus, 17 bp. Mutations that create
a consensus -35 hexamer or 17 bp spacing increase the core promoter activity, but
destroy growth rate regulation of the promoter, indicating that the core promoter
sequence evolved for regulation purposes rather than for maximum strength (Gaal et al,,
1989, Dickson et al., 1989).

Sequences upstream of the -35 hexamer (the upstream activating region, or UAR)
play a critical role in determining rrnB P1 promoter strength. An rrnB core promoter
lacking rrn sequence upstream of -41 has 300-fold reduced activity in vivo and jn vitro
compared to a promoter containing rrnB sequences extending 150 bp upstream of the
start site, but retains the capacity for growth rate-dependent control (Gourse et al., 1986;
Ross et al, 1990; Rao et al,, in preparation; Bartlett and Gourse, unpublished data).

There are two functionally distinct components of the rrnB P1 UAR. The sequences
between -150 and -60 bind the 11.2 kd Fis protein and increase promoter activity
approximately 10-fold. The sequences between -60 and -40 increase promoter activity in
vivo and in vitro approximately 30-fold independent of other protein factors. We have
termed the latter effect Factor-Independent Activation or FIA. We can view FIA as
resulting from an "extended promoter” region.

Fis-Dependent Activation

In vitro and in vivo footprints indicate that Fis protein binds to three sites in the
IrnB UAR (centered at -71,-102 and -143; Ross et al, 1990; Ross et al. unpublished). Fis
activates transcription in vitro and in vivo in a manner dependent upon binding to Fis
Site I (Ross et al, 1990; Josaitis et al., 1990; Bokal and Gourse, unpublished). Fis Sites
Il and III exert only a very small effect (approximately a 15-25% increase) on
transcriptional activity in vivo, either in the presence or the absence of a functional Fis
Site I. There is no apparent cooperativity in Fis binding to the thiee UAR sites (Bokal
and Gourse, unpublished).

Several lines of evidence are consistent with a mechanism of Fis activation involving
Fis-RNAP interactions. We have identified Fis mutants from a collection isolated and
purified in Reid Johnson's laboratory (Osuna et al, 1991) that fail to support
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transcriptional activation of rrnB P1 (Gosink et al., submitted). A particularly informative
class of mutants retains the ability to bind to Fis Site I and bend this site upon binding,
yet fails to activate transcription. Thus, functions in addition to DNA binding and
bending are required for activation.

Other evidence is consistent with the presence of Fis-RNAP interactions. Fis-
dependent activation can occur on restriction fragments lacking DNA upstream of Fis
Site 1. Thus, Fis does not function solely to bring sequences upstream of its binding site
into the proximity of RNAP. In addition, Fis-dependent activation is face-of-the-helix
dependent both in vivo and in vitro, with complete Fis-dependent activation retained
when Fis Site I is displaced by 11 bp (Newlands et al., 1992). Furthermore, footprints
with a variety of chemical reagents indicate that Fis and RNAP occupy the same side
of the helix. Finally, the presence of both RNAP and Fis in the footprinting reaction
alters the pattern of Fis protection (Ross et al., unpublished).

We have recently shown that Fis can also activate non-rRNA promoters. We
created a hybrid promoter containing the wild type lac core region with rrnB sequences
substituted for lac sequences upstream of the -35 hexamer. This promoter was stimulated
by Fis both in vitro and in vivo (Appleman and Gourse, unpublished).

Factor-Independent Activation - An Extended Promoter Region

The A+T-rich rrnB P1 sequence from -40 to -60 (between the "core" promoter and
Fis Site I) contributes approximately 30-fold to promoter strength in vivo in a fis-
independent manner (Rao et al. in preparation). Kinetic analysis of the rate of
association of RNAP with a set of rrnB P1 promoters with different upstream endpoints
indicates that the -40 to -60 region increases transcription 30-fold in the absence of
added protein factors. The -40 to -50 region primarily affects a kinetic step after initial
promoter binding (k;) (Rao et al. unpublished), while the -50 to -60 region increases the
bimolecular step, Ky (Leirmo and Gourse, 1991).

The -40 to -60 region is protected by RNAP in DNAsel or hydroxyl radical footprint
experiments (Gourse, 1988; Newlands et al.,, 1991). Protection of sequences in the -50
to -55 region from hydroxyl radical attack requires that UAR sequences be present; it
is not observed on rrn promoters with non-rrn sequence substituted upstream of -46 and
is thus not directed solely by binding to the core promoter region. A promoter mutant
with an 11 bp insertion at -46 retains the specific protection of the -50 to -55 rrn
sequence, even though this sequence is now displaced upstream by 1 turn of the DNA
helix (Newlands et al, 1992). This further suggests that specific properties of this
sequence are required for the interaction.

Utilization of the FIA region by RNAP requires the carboxy-terminal portion of the
o subunit of RNAP (Ross et al., in preparation). It has been shown previously that this
region of RNAP is required for positive control of certain promoters (e.g. lac by cAMP-
CAP; Igarashi and Ishihama, 1991). As indicated above, wild type RNAP transcribes rrnB
P1 promoters containing the FIA region with greatly increased efficiency compared to
promoters lacking this region. However, reconstituted mutant holoenzymes containing only
the 235 or 256 amino-terminal amino acids of « (provided by A. Ishihama) transcribe the
1nB P1 promoter poorly in vitro and do not distinguish between rrnB P1 promoters
containing or lacking the FIA region. Consistent with this finding, footprint protection of
InB P1 by the mutant holoenzymes extends only to approximately -40. The protections
further upstream that are characteristic of wild type RNAP-FIA region interactions are
missing with the mutant enzymes, as if the mutant enzymes cannot recognize this
sequence information.
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We have also found that two other stable RNA promoters, previously identified
as having upstream activation regions, rrnB P2 and leuV, are not efficiently utilized by
the mutant holoenzymes. In addition, we have identified a non-stable RNA promoter that
also requires the C-terminal region of a for maximal activity.

As a result, we have identified a promoter element separable from the core region
that is a major contributor to E. coli promoter strength. The C-terminal region of the
a subunit of RNAP is required for utilization of this element and for contacts with
RNAP between -40 and -60. A simple model is that alpha makes contacts to this
upstream element and thereby increases promoter activity.
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THE PATHWAY OF N4 VIRION RNA POLYMETASE-PROMOTER RECOGNITION

M. Alexandra Glucksmann, Xing Dai and Lucia B. Rothman-Denes. Departments of Molecular
Genetics and Cell Biology and of Biochemistry and Molecular Biology, The University of Chicago,
Chicago, IIl. 60637. USA

Coliphage N4 virions contain a DNA-dependent RNA polymerase (N4 virion RNA
polymerase) which is injected into the host cell upon infection and synthesizes the phage early
RNAs. The enzyme is unique in that, in vitro, it is inactive on double-stranded N4 DNA; however,
denatured, promoter-containing templates are efficiently and accurately transcribed. We have shown
that all determinants of promoter recognition are present in the template strand indicating that the N4
virion RNA polymerase is a site-specific, single-stranded DNA binding protein.

The three promoters for N4 virion RNA polymerase present in the N4 genome contain blocks
of homology from position -18 to +1 with a conserved GC-rich heptamer centered at position -12
(Fig.1). The promoters also contain two sets of short inverted repeats. The upstream inverted
repeats, which are centered at the heptamer, are of the same length in all promoters and contain both
conserved and non-conserved bases. In contrast, the length and distance between the downstream
inverted repeats, which include the site of transcription initiation, vary. Analysis of the
transcriptional activity of a large collection of promoter mutants indicates that conserved sequences
present between -18 and +1 and the integrity of the inverted repeats centered at -12 are essential for
template binding and transcriptional activity. This striking requirement for promoter recognition
suggests the necessity for a specific secondary structure. The patterns of T7 endonuclease I and T4
endonuclease VII cleavage of single-stranded DNAs containing N4 promoters indicate the existence
of a "hairpin” structure centered at -12.

Transcription of the early genes of bacteriophage N4 requires, in addition to the N4 virion
RNA polymerase, the activities of two host factors: E. coli DNA gyrase and E. coli single-stranded
DNA binding (SSB) protein. In vitro, linear or relaxed templates cannot be activated by SSB;
however, supercoiled template and SSB allow the virion polymerase to recognize its promoters on
duplex DNA and activate transcription. Activation is E, coli SSB specific, other single-stranded DNA
binding proteins cannot substitute. We propose a model for virion RNA polymerase-promoter
utilization where gyrase-induced supercoiling elicits single-strandedness at the promoter region (Fig.
2A). Under these conditions, the inverted repeats flanking the conserved GC rich heptamer form the
hairpin structure which, in conjunction with conserved sequences present between -18 and +1, is
required for RNA polymerase binding. Subsequently, binding of E. coli SSB to the promoter region
stabilizes a structure to yield an “activated promoter” (Fig. 2B) which can now be recognized by virion
RNA polymerase (Fig.2C). After N4 virion RNA polymerase binding, the stem-loop structure at the
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promoter must be melted and initial contacts broken in order to carry out formation of the first
phosphodiester bond (Fig. 2D).

To define the role of supercoiling in transcriptional activation of virion RNA polymerase
promoters, we have cloned N4 early promoters in a vector which allows for the generation of
minicircles constituted primarily of N4 sequences. Incubation in the presence of varying
concentrations of Ethidium Bromide and topoisomerase I allows for the isolation of circles with
different superhelical densities. Chloroacetaldehyde (CAA), which reacts with unpaired Cytosines and
Adenines to form the etheno derivatives, is used to probe forchanges in promoter structure. Reacted
bases are mapped by primer extension. Results of these experiments indicate that sequences at the
promoters are insensitive to CAA in relaxed DNA. Upon increase in superhelical density, sequences at
the loop of the hairpin in the complementary strand become CAA-reactive. Surprisingly, sequences on
the template strand remain unreactive. These results indicate that supercoiling leads to cruciform
extrusion and that the template and complementary strands adopt different structures.

To define the basis for E, coli SSB's specificity of activation of N4 early promoters, we
have studied the interaction of virion RNA polymerase and SSB with promoter-containing, single-
stranded templates. E, coli SSB, although not absolutely required, activates N4 virion RNA
polymerase transcription on single-stranded templates. The results of footprinting experiments in the
presence of E. coli SSB and virion RNA polymerase, using both wild-type and mutant promoters
indicate that the specificity of E, coli SSB activation resides in its unique mode of interacting with
promoter-containing templates. We conclude that E, coli SSB acts as an activator of transcription by
providing the correct DNA structure for RNA polymerase binding.

Figure 1
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Control of bacteriophage ¢29 DNA transcription by the regulatory protein p4.
Margarita Salas, Beatriz Nuez, Manuel Serrano, Mario Mencia and Fernando
Rojo.

Centro de Biologia Molecular (CSIC-UAM), Universidad Auténoma,
Cantoblanco, 28049 Madrid, Spain.

Late genes of B. subtilis phage ¢29 are transcribted from the PA3
promoter, which is located close to the divergently transcribed main early
promoter, PA2b. The viral early protein p4 is a transcriptional regulator that
activates the late promoter and represses the early PA2b promoter (1, 2).
Protein p4 binds to a region located between nucleotides -56 and -102 relative to
the PA3 transcription start site (-16 and -62 relative to PA2b), recognizing an 8
bp long inverted repeat (3). This DNA region has a sequence-directed curvature
that greatly increases by protein p4 binding (1, 4). The induction of the
curvature is relevant both for the activation of the late promoter PA3 and for
the repression of the early promoter PA2b.

Protein p4 mutants that produce only a partial bending of the promoter do
not activate transcription (4). Curvature could provide a DNA conformation
that either stabilizes binding of the RNA polymerase to the promoter, orients
protein p4 towards the RNA polymerase, enabling adequate contacts between
the two proteins, or both. Indeed, several data indicate that protein p4 and
RNA polymerase bound to PA3 contact each other. a) The two proteins bind to
the promoter cooperatively, stabilizing each other in their binding sites (3). b)
When protein p4 binding site was separated from that of the RNA polymerase
at PA3, activation only occurred if the two binding sites were separated by 1, 2
or 3 complete helical turns of bent DNA (5). These results also suggest that
protein p4 has to be stereospecifically oriented relative to the RNA polymerase
for a correct interaction, and that activation at a distance requires the
formation of a DNA loop. ¢) When fragments containing either the RNA
polymerase or the protein p4 binding regions were used, the two proteins were
able to bind simultaneously to each of those fragments, again indicating direct
protein-protein contacts.

Activation of the late PA3 promoter is paralelled by repression of the
divergently transcribed early A2b promoter, which partially overlaps with the
protein p4 binding site. Binding of protein p4 displaces the RNA polymerase
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from the early PA2b promoter to the late PA3 promoter, suggesting that steric
hindrance may be involved in the repression of PA2b by protein p4. However,
the protein p4-induced DNA bending also seems to participate in the
repression process. When the DNA curvature of the protein p4 binding site was
increased by site-directed mutagenesis in the same direction as that produced
by protein p4, it was shown that DNA bending by itself could inhibit
transcription from PA2b (2). This bending affected both the rate of formation of
transcriptionally active open complex and the affinity of the RNA polymerase
for the PA2b promoter. Therefore, protein p4-induced DNA bending could
participate in PA2b repression by producing a DNA structure that prevents the
RNA polymerase from recognizing the promoter. This effect could complement
the steric hindrance increasing the repression efficiency, since competition
between protein p4 and RNA polymerase for their binding sites could be
diminished.

1. Barthelemy, I. and Salas, M. (1989) J. Mol. Biol. 208, 225-232.
. Rojo, F. and Salas, M. (1991) EMBO J. 10, 3429-3438.
3. Nuez, B., Rojo, F., Barthelemy, I. and Salas, M. (1991) Nucleic Acids Res.
19, 2337-2342.
4. Rojo F., Zaballos, A. and Salas, M. (1990) J. Mol. Biol. 211, 713-725.
5. Serrano, M., Barthelemy, I. and Salas, M. (1991). J. Mol. Biol. 219, 403-414.
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Contortions, Distortions, and Positions of AraC
Robert Schleif
Biology Department
Johns Hopkins University
Baltimore, Maryland 21218, USA

In the absence of arabinose or AraC protein, the Py 4 PrOmMOtEr of the
arabinose operon of Escherichia coli is only weakly active. The presence of
both arabinose and AraC protein stimulates the activity of the promoter more
than 200-fold. In the absence of arabinose, the dimeric AraC protein contacts
the more upstream of the two half-sites of aral that are adjacent to the RNA
polymerase binding site. In this state the protein also contacts the araO2
half-site which is located 210 base pairs away, thereby forming a loop in the
DNA. When arabinose is added, AraC protein ceases to contact the araO
half-site and instead contacts both half-sites at aral. The work to be reporiied
addresses two basic questions about this system. First, since the aral site
appears by inspection to contain elements both of direct repeat symmetry
and of inverted repeat symmetry in the half-sites, and previous experiments
have suggested that the protein might bind to a directly repeated half-site,
what, in fact, is the symmetry of the AraC binding site and the AraC protein?
If itis indeed a direct repeat, how is this accomplished without the protein’s
polymerizing indefinitely? The second question is whether the AraC protein
must be located in a particular position with respect to the Py ,p PTOMOtEr in
order to activate transcription.

The question of the symmetry of the AraC protein has been addressed
by constructing a binding site that contains a direct repeat of the consensus
half-site. AraC binds 100-fold more tightly to this site than it does to any
naturally occurring site. The pattern of protected and enhanced
dimethylsulfate-reactive guanines and DN Ase-labile phosphodiester bonds
in this site possesses a direct repeat pattern. These suggest that the protein
binds to a direct repeat of half-sites.

If a dimer of AraC binds to a direct repeat of half-sites, can a trimer bind
to three repeated sites? Experimentally the answer is no. Several schemes
can be envisioned which could limit polymerization. The most simple is that
AraC possesses a dimerization domain and a DNA binding domain that are
only loosely connected. Dimerization could be via the normal isotropic,
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face-to-face, interactions, and by virtue of the loose connection between the
dimerization and DNA binding domains, the protein could bind to directly
repeated half-sites. Indeed, this seems to be the case. AraC binds to directly
repeated half-sites, inverted repeat half-sites, and half-sites that are separated
by 10 or 21 base pairs. The mechanism by which arabinose decreases the
propensity of AraC to engage in looping interactions and instead to bind to
directly adjacent sites has also be addressed with these various sites. In
summary, the presence of arabinose makes AraC prefer to bind to local sites.

From what positions can AraC activate transcription? In the wild type
situation the second half-site at aral overlaps the -35 region of the RNA
polymerase binding site by four bases. We explored a wide set of positions
for the activation by AraC by placing a pair of half-sites far from the Py
promoter, removing random amounts of DNA from between the half-4ites
and the promoter, and selecting molecules which expressed the p
promoter at high levels. Substantial activation was seen only when the
binding sites overlap the polymerase -35 region by two, three, or four bases.
An auxiliary finding was that the exact sequence of the Ppp Promoter need
not be maintained. AraC will activate transcription from a variety of
promoters if it is properly positioned.

One might imagine that only the half-site closest to the RNA
polymerase is relevant to activation of transcription. This turned out not to
be the case. When the more upstream of the half-sites was moved around,
induction was inevitably reduced by dramatic amounts. The conclusion from
these experiments is that the overal location and shape of AraC protein is
relevant to induction of transcription by the protein.

Related References:
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and Promoter Cyclically Hinders Repression, T. Dunn, S. Hahn, S. Ogden,
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The DNA Loop Model for ara Repression: AraC Protein Occupies the
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PROKARYOTIC ENHANCERS AND ENHANCER-BINDING PROTEINS, D. S. Weiss, K.
Klose, S. Porter, A. North, A. Wedel, and S. Kustu, Departments of Plant Pathology and
Molecular and Cell Biology, University of California, Berkeley.

A number of prokaryotic enhancer-binding proteins activate transcription by the alternative
holoenzyme form of RNA polymerase, . holoenzyme, allowing this form of polymerase to
transcribe in response to different physiological signals. The best-characterized of these enhancer-
binding proteins is the NTRC protein (nitrogen regulatory protein C) of enteric bacteria. The
function of NTRC has been studied intensively at the major promoter for the ginA gene, which
encodes glutamine synthetase. NTRC stimulates the isomerization of closed complexes between
o>*-holoenzyme and the ginA promoter to open complexes in an ATP-dependent reaction. To do
so NTRC binds to its enhancer-like sites, which are normally located between 100 and 150 bp
upstream of the transcriptional startsite, and contacts the polymerase by means of DNA loop
formation. One function of the enhancer is to tether NTRC in high local concentration near the
promoter. To stimulate open complex formation NTRC must hydrolyze ATP. ATP hydrolysis
depends upon phosphorylation of an aspartate residue located in a regulatory domain of NTRC
that is distinct from the domain responsible for ATP hydrolysis and transcriptional activation.
Phosphorylation of NTRC is increased under conditions of nitrogen limitation, conditions under
which transcription of ginA is increased. It is our working hypothesis that ATP hydrolysis is not
needed for specific contact between NTRC and polymerase per se, but rather functions to allow a
change in configuration of polymerase once contact has occurred.
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Concerted regulation of the 054-dependent Pu promoter of TOL
plasmid through upstream sequences responsive to multiple signals.

S Femnindez!, J. Pérez Martfn!, K.N. Timmis2 und V. de Lorenzol.2*
ICentro de Investigaciones B\oléglcas del CSIC, Veldzquez 144, 28006 Madrid.
2Gesellschaft fiir Biotechnologische Forschung, Mascheroder Weg 1, Braunschweig 3300.

The TOL plasmid of Pseudomonas putida affords the growth of harboring
bacteria on toluene and m-xylene as the only carbon source. Biodegradation
occurs in two major steps, involving the biotransformation of toluene/xylene into
benzoate/toluate (mediated by the gene products of theupper operon) and the
subsequent meta-cleavage of the aromatic ring and metabolisation down to TCA
intermediates. Transcription of the corresponding catabolic pathways when cells
are exposed to pathway substrates or structural analogs is effected by a complex
regulatory cascade summarized as follows :

CH3 COOH
@ —_— <O:> ——— TCA
R

R
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In the presence of toluene, the Pu promoter, which belongs to the 6%4-dependent
class, is activated by the XylR protein, which binds to at least two upstream
binding sites (UBS). Besides the action of XyIR, Pu activity requires THF, which
binds hetween the positions -52/-79 and supposedly helps to bring the UBS/XyIR
complex into close contact with the a%4-RNApol.

Transcription from the Pu promoter is subjected to a very tight control so that it
becomes indetectable in non-induced conditions -provided that the whole system is
analysed in monocopy. This is explained in part by the transcriptional termination
activity of the UBSs, which is manifested in vivo regardles of its binding to XyIR
protein. At least one more control is overimposed to the actions of XyIR and IHF :
Full Pu activity requires the cells to be in stationary phasc, although the
mechanism operating for such control is presently unknown. The effect of IHF,
DNA curvatures and supercoiling on such responsiveness to growth phase will be
discussed.
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Action at a Peculiar Prokaryotic Enhancer

E. Peter Geiduschek
Department of Biology
University of California at San Diego
La Jolla, California 92093-0634

(Reporting on research by: Daniel R. Herendeen, Kelly P. Williams, Rachel L. Tinker, Jeffrey
W. Winkelman, Glenn M. Sanders, George A. Kassavetis and E. Peter Geiduschek)

BACKGROUND

Positive transcriptional control in certain prokaryotic systems is exerted from distant sites
that can properly be called enhancers. The work that is described in my talk concerns one of
these systems, the replication-connected regulation of the late genes of bacteriophage T4.

The T4 late genes occupy approximately 40% of the ~165 kbp viral genome and are acces-
sible to transcription from approximately forty late promoters, which consist of a simple con-
sensus sequence element, TATAAATA, centered 10 bp upstream of the transcriptional start site.
Transcription initiates at T4 late promoters during normal phage infection only after DNA has
begun to replicate, and it is conditional upon DNA replication. Functions of two proteins
encoded by T4 genes 33 and 55 (gp33 and gp55), which bind to the (E. coli) host cell’s RNA
polymerase core, are also required in vivo for initiation of transcription at late promoters. Other
modifications of the RNA polymerase that occur as a result of T4 infection, including the ADP-
ribosylation of its & subunit and attachment of the T4-encoded RpbA protein, do not change the
essential characteristics of late transcription.

Phage T4 encodes an entire independent replication machinery, consisting of a DNA
polymerase (gp43), a single-stranded DNA-binding protein (gp32), a DNA helicase (gp41) and
primase (gp61), and three DNA polymerase accessory proteins (gp44, gp62 and gp45). The
gp44 and gp62 form a tightly associated complex with a DNA-dependent ATPase activity that is
stimulated by gp4S. The preferred DNA substrate of this ATPase is a primer-template junction.
The three accessory proteins drastically change the processivity of DNA chain elongation by the
gp43 DNA polymerase in an ATP hydrolysis-requiring reaction.

The 188-amino acid T4 gene-55 protein is a member of the ¢ family of RNA polymerase-
binding proteins and is required for T4 late promoter recognition by the E. coli RNA polymerase
core (E). The E.gp55 RNA polymerase holoenzyme forms specific complexes with T4 late pro-
moters, and specifically initiates transcription at late promoters in negatively supercoiled DNA.
This transcription is, however, greatly diminished at higher ionic strength, at lower temperature
and in relaxed DNA. T4 DNA is not globally supercoiled in vivo at times of the infection at
which T4 late transcription takes place (reviewed in, and abstracted from, 1).

AN IN VITRO SYSTEM

An in vitro system for analyzing the functions of replication proteins in T4 late transcrip-
tion has been constructed. The DNA templates of this transcription systcm are plasmids contain-
ing the following components: 1) a site that can be nicked by filamentous phage gpll, generating
a start site for, and specifying the polarity of, leading strand DNA replication by T4 replication
proteins; 2) one or more T4 late transcription units whose transcriptional polarity is identical
with, or opposed to, the polarity of leading strand replication. Transcription by gp55-containing
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RNA polymerase in this in vitro system is greatly stimulated by the three T4 DNA polymerase
accessory proteins gp44, gp62 and gp45, even in the absence of DNA replication, and is even
further stimulated by replication (with gp43, gp32 and deoxyribonucleoside triphosphates also
present), particularly when gp44, gp62 and gp45 are limiting. Transcriptional activation requires
a nicked DNA template, and hydrolyzable ATP (or dATP). The nick, acting as a binding site for
the three DNA polymerase accessory proteins, must be located in cis to the activable T4 late pro-
moter, but can be placed upstream or downstream, and at large distances, from it. Thus, the nick
functions as an enhancer that is peculiar in two respects: 1) it is a DNA structure, rather than a
sequence; 2) it is the simplest structural singularity imaginable. Transcriptional activation also
requires RNA polymerase-bound gp33. Unenhanced transcription (in covalently closed nega-
tively supercoiled DNA) is not stimulated by gp44, gp62 and gp45, and is, at higher ionic
strengths, diminished by gp33. Thus, gp33 functions as a transcriptional co-activator protein,
functioning only in enhanced, but not in basal transcription (references 2, 3).

Transcriptional enhancement is due to an ATP hydrolysis-dependent acceleration of the
rate of promoter opening. Once a T4 late promoter has been opened, it stays open even if further
ATP hydrolysis is blocked. Thus, transcriptional enhancement appears to function by overcom-
ing a kinetic barrier to promoter opening.

COMMUNICATION BETWEEN THE ENHANCER AND THE PROMOTER

Experiments intended to provide an understanding of the function of the enhancer in T4
late transcription contribute surprising answers. The DNA nick that serves as enhancer must
have a specific polarity relative to the direction of transcription: it is only effective when placed
in the nontranscribed strand, regardless of whether it is located upstream or downstream of the
promoter, and regardless of the distance separating the nick from the promoter. The ability of a
nick-as-enhancer placed in one ring of a singly linked DNA catenane to activate initiation of
transcription at a T4 late promoter placed in the linked (relaxed and covalently closed) DNA cir-
cle has also been examined: the DNA polymerase accessory proteins, gp44, 62 and 45, only
activate transcription in the DNA ring that contains the nick. The absolute cis-action require-
ment of transcriptional activation at the T4 late promoter implies a role for DNA as the conduit
of transcriptional activation. In contrast, when the enhancer and promoter communicate through
space by direct protein-protein interaction, as they are generally thought to do, the connecting
DNA functions primarily as a tether that confines the interacting components to a common
space. In such systems, when enhancers and promoters are placed on the separate linked DNA
rings of catenanes, they communicate effectively (4, 5).

A direct demonstration that tracking along DNA is, instead, absolutely required for tran-
scriptional activation at T4 late promoters has been demonstrated by further experiments in
which the DNA path between the nick-as-enhancer and the promoter is blocked with a protein
that binds very tightly to DNA. In circular DNA, transcriptional activation is only abolished
when both paths between the enhancer and promoter are blocked by the DNA-binding protein.
(This is further proof that transcriptional activation can take place from either side of the pro-
moter).

Transcriptional enhancement at a T4 late promoter fails in linear DNA, but is retained in
circular DNA, at high electrolyte concentrations. That this is a reflection of the role of proteins
that track along DNA in transcriptional activation is demonstrated by an experiment showing
that, when the tightly DNA-binding protein is interposed between an enhancer—T4 late pro-
moter unit and the ends of a linear DNA molecule, it confers electrolyte concentration-resistance
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upon transcriptional enhancement in linear DNA.

STRUCTURAL BASIS OF TRANSCRIPTIONAL ENHANCEMENT

Aspects of the structure of enhanced and unenhanced transcription complexes at a late pro-

moter are under current investigation. The physical structures of enhanced and unenhanced tran-
scription complexes differ at the upstream end of the RNA polymerase binding site. In contrast,
enhanced and unenhanced open promoter complexes are indistinguishable with regard to the for-
mation of the DNA "bubble" at the transcriptional start site. The implications of these findings
for the mechanism of transcriptional activation are discussed.
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The role of the nucleoid assossiated protein H-NS in osmotic induction at
the proU promoter of Escherichia coli and Salmonella typhimurium

Tom Owen-Hughes, Graham Pavitt, Diogenes Santos, Chris Hulton,
Julie Sidebotham, Jay Hinton, and Chris Higgins.

The proU promoter is induced approximately 70-fold by increased
osmolarity of the growth medium. Mutations disturbing this regulation
bave been found in the genes encoding DNA gyrase and Topoismerase, We
and other workers have found that DNA supereoiling in vivo changes in
response to osmolarity. This gave rise to a model in which DNA topology
played an key role in the osmoregulation of the proU promoter. Mutations
at osmZ(hns) were also found to derepress prol expression. This gene
was subsequently found to encode the protein H-NS.

H-NS is a major component of bacterial chromatin present at
approximately 1 copy per 400bp of chromosomal DNA. Mutations in hns
are highly plieotropic affecting the expression of many different genes in an

allele specific manor. In addition we have found that mutations in hns also
affect DNA topology.

We have isolated sites downstream of the proU promoter that are
fmportant for normal osmoregulation in vivo. This region includes curved
DNA and normal osmoregulation can be restored if it is replaced with
heterologous curved DNA. In addition this downstream DNA binds H-NS in
vitro and a functional hns gene is required for it to confer osmoregulation
on the proU promoter in vivo. There does not appear to be a simple
recognition sequence involved in H-NS binding, it does, however, show a
preference for curved DNA.

It has previously been demonstrated that plasmid linking number is altered
upon osmotic shock. We have now found that the presence of curved DNA
affects this linking number change only in the presence of a functional co y
of the hns gene. This suggests a mechanism whereby H-NS interacts wi
curved DNA downstream of the proU promoter causing a change in the
local topology of the DNA which derepresses the promoter. These data
provide insights fnto the relationship between chromatin structure and the
regulation of DNA topology and promoter activity.
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TRANSCRIPTION ACTIVATION BY CAP: IDENTIFICATION OF THE ACTIVATION SURFACE
AND ANALYSIS OF INTERACTION WITH RNA POLYMERASE

Richard H. Ebright, Yuhong Zhou, Xiaoping Zhang, Qianping Dong, Hong Tang, Erich E. Blatter,
Yon W. Ebright, and Yan Chen
Dcpartment of Chemistry and Waksman Institute, Rutgers University, New Brunswick, NJ 08855, USA

A. Identification of the activation surface of CAP: isolation and characterization of mutants of CAP
specifically defective in transcription activation at the lac promoter. We have used random mutagenesis of
crp, the gene that encodes CAP, followed by application of an in vivo genetic screen, to isolate
positive-control-defective mutants of CAP ("crp™ mutants®). We have isolated and characterized
twenty-onc independent crp™ mutants. The twenty-one crp™ mutants are defective in transcription
activation at the lac promoter, but arc not defective in DNA binding. Remarkably, the amino acid
substitutions in the twenty-one crp™ mutants map to the same seven-amino-acid region of CAP: amino
acids 156 to 162 of CAP (Ala156+Asp, Thr158-Ala, Thr158-lle, His159+Arg, His159-+Leu, Gly162-+Asp,
Gly162+Cys, and Gly162-Ser).

We have purified and have characterized in vitro five of the substituted CAP variants: [Ala158]CAP,
[l1e158)CAP, [Arg159]CAP, [LeulS9)CAP, and [Cys162]CAP. In vitro transcription experiments indicate
that the substituted CAP variants are completely, or nearly completely, defective in transcription
activation at the lac promoter (abortive initiation assays). In vitro DNA binding experiments indicate
that the substituted CAP variants bind to DNA with the same affinity as does wild-type CAP
(nitrocellulose filter assays). In viro DNA bending experiments indicate that the substituted CAP
variants bend DNA to the same extent as does wild-type CAP (electrophoretic mobility assays, four
circularly permuted DNA fragments).

Our results establish that amino acids 156 to 162 of CAP are critical for stimulation of transcription
activation at the lac promoter, but are not critical for DNA binding or DNA bending. In the structure
of CAP, amino acids 156 to 162 form a surface loop. We propose that this surface loop makes a direct
protein-protein contact with RNA polymerase at the lac promoter (cf. Nucl. Acids Res. 18:7243, 1990;
Nucl. Acids Res. 19:6705, 1991; J. Bact. 173:5024, 1991).

B. Detailed characterization of the activation surface of CAP: saturation mutagenesis of the activation
surface of CAP. The results described in section A establish that the surface loop consisting of amino
acids 156 to 162 of CAP is the activation surface of CAP. To further characterize the transcription
activation surface of CAP, we have performed saturation mutagenesis of codons 152 to 166 of crp (using
a "doped" oligonucleotide primer). We have isolated and seq ed fifty independent crp™ m

alter saturation mutagenesis. The fifty crp™ mutants are defective in transcription activation at the lac
promoter, but are not defective in DNA binding.

We find that twenty-eight of the fifty mutants are single-amino-acid-substitution mutants. The amino
acid substitutions map to amino acids 156, 158, 159, 162, 163 and 164 (Ala156+Asp, Thr158-Ala,
Thr158-1lc, His159-+Arg, His159-+Leu, His159+Gln, His159+Pro, His159-+Tyr, Gly162+Cys, Gly162-Ser,
Gly162+Ala, Gly162-+Arg, Met163+Lys, GIn164-Arg, GIn164+His, and GIn164-Lys).

C Detailed characterization of the activation surface of CAP: alanine-scanning mutagenesis of the
activation surface of CAP. The results in section A establish that the surface loop consisting of amino
acids 156 to 162 of CAP is the activation surfacc of CAP. To further characterize the transcription
activation surface of CAP, we have performed alanine-scanning mutagenesis of codons 152 to 166 of crp.
We have substituted each amino acid from 152 to 166, onc-by-one, by Ala. For cach of the resulting
CAP derivatives, we have assessed (i) transcription activation at the lac promoter, and (if) DNA binding.
We find that Ala substitution of amino acid 158 results in a significant specific defect in transcription
activation at the lac promoter. We find that Ala substitution of no other amino acid tested results in a
significant specific defect in transcription activation at the /ac promoter. These results indicate that
amino acid 158 is the only amino acid of the activation surface of CAP for which side-chain atoms other
than CB are essential for transcription activation at the lac promoter.
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D. Detailed characterization of the activation surface of CAP: determination whether transcription
activation at the lac promoter involves the activation surface of the promoter-proximal subunit of CAP, the
activarion surface of the promoter-distal subunit of CAP, or the activation surfaces of both subunits of CAP.
We have constructed heterodimers consisting of onc CAP subunit having wild-type DNA binding
specificity and having a non-functional activation surface, and one CAP subunit having non-wild-type
DNA binding specificity and having a functional activation surface. We have oriented the resulting
heterodimers on promoter DNA by usc of promoter derivatives having DNA sites for CAP consisting of
onc wild-type DNA half sitec and onc non-wild-type DNA half site, and we have measured the ability to
activate transcription.

For thc CAP subunit having wild-typc DNA binding specificity and having a non-functional activation
surface, we have used [AlalS8]CAP (sce scctions A-C). For the CAP subunit having non-wild-type
DNA binding specificity and having a functional activation surface, we have used [Val181)CAP (Narture
311:232, 1984; Proc. Natl. Acad. Sci. USA 84:6083, 1987). [Val181]CAP recognizes the DNA half site
5'-AAATGTNATCT-3' (vs. 5-"AAATGTGATCT-3' for CAP and [Ala158]CAP); [Val181]CAP binds with
cqual, high affinities to the consensus DNA half site and to derivatives of the consensus DNA half site
having A:T at position 7.

To oricnt the [Ala158]CAP/[Val181)CAP heterodimers at the lac promoter, we have used two derivatives
of the lac promoter: lacPL29, which has a DNA site for CAP in which the promoter-proximal half site
has A:T at position 7, and lacPL8, which has a DNA site for CAP in which the promoter-distal half site
has A:T at position 7. [Ala158]CAP/[Val181]CAP heterodimers bind to lacPL29 and lacPL8 in an
oriented fashion--having a functional activation surface only in the promoter-proximal subunit at
lacPL29, and having a functional activation surface only in the promoter-distal subunit at /acPL8.

We find that [Ala158]CAP/[Val181]CAP heterodimers are functional in transcription activation at
lacPL29 but are not functional in transcription activation at lacPL8. We conclude that transcription
activation at the lac promoter involves only the activation surface of the promoter-proximal subunit of
CAP.

E. Detailed characterization of the activation surface of CAP: determination whether transcription
activation at other CAP-dependent promoters involves the same surface of CAP. CC, CC+20, and CC+31
arc artificial CAP-dependent promoters having spacings between the center of the DNA site for CAP
and the transcription start point of, respectively, 41.5 base pairs (as in the galPl promoter), 61.5 base
pairs (as in the lac promoter), and 72.5 base pairs (essentially as in the malT promoter) (Cell 62:733,
1990). We have mcasured the cffects on transcription activation at CC, at CC+20, and at CC+31 of
each of ecight CAP derivatives specifically defective in transcription activation at the lac promoter:
[Asp156]CAP, [AlalS8]CAP, (lic1S8]CAP, [Arg1S9]CAP, [Leul59]CAP, [Asp162]CAP, [Cys162]CAP, and
[Ser162]CAP (see scction A).

We find that each of the eight CAP derivatives specifically defective in transcription activation at the lac
promoter also is specifically defective in transcription activation at CC, at CC+20, and at CC+31. We
conclude that the surface loop consisting of amino acids 156 to 162 of CAP is critical for transcription
activation at promoters having spacings of 41.5 base pairs, 61.5 base pairs, or 72.5 base pairs.

In further experiments, we have measured the effects on transcription activation at CC, at CC+20, and
at CC+31 of each of the fourtcen CAP derivatives constructed in alanine-scanning mutagenesis of amino
acids 152 to 166 of CAP (section C): i.e., [Ala152]CAP, [Ala153]CAP, [Ala154]CAP, [Ala155]CAP,
[Ala157]CAP, [Alal158]CAP, [Ala159]CAP, [Ala160]CAP, [Ala161]CAP, [Ala162]CAP, [Ala163]CAP,
[Ala164]CAP, [Alal65]CAP, and [Alal66]CAP.

We find that Ala substitution of amino acid 158, amino acid 160, amino acid 162, or amino acid 163
results in a significant specific defect in transcription activation at CC, substitution of amino acid 162
having the largest effcct. We find that Ala substitution of amino acid 158 or amino acid 162 results in
a significant specific defect in transcription activation at CC+20 and at CC+31, substitution of amino
acid 158 having the largest effect. We conclude that: (i) the surface loop consisting of amino acids 156
10 162 of CAP is critical for transcription activation at promoters having spacings of 41.5 base pairs,
61.5 base pairs, or 72.5 base pairs, and (ii} the intcractions made by the surface loop consisting of amino
acids 156 to 162 of CAP differ at promoters having spacings of 41.5 base pairs (DNA site for CAP
overlaps the -35 site; amino acids 158, 160, 162, and 163 seasitive 10 Ala substitution) vs. at promoters
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having spacings of 61.5 basc pairs or 72.5 base pairs (DNA site for CAP docs not overlap the -35 site;
amino acids 158 and 162 sensitive to Ala substitution).

F. Analysis of CAP-RNA polymerase interaction in solution: development of a fluorescence polarization
method to analyze CAP-RNA polymerase interaction in solution. In collaboration with Drs.

T. Heyduk and J. Lee, of the Dept. of Human Biological Chemistry and Genetics, University of Texas
Medical Branch, we have used fluorescence polarization experiments to analyze CAP-RNA polymerasc
interaction in solution in the absence of promoter DNA. We have utilized the following components:
(i) ICAP42FL, a fluorophore-derivatized 42 base pair DNA fragment containing the consensus DNA site
for CAP and containing no known specific determinants for binding of RNA polymerase, (if) CAP, and
(iify RNA polymerase holoenzyme. We have measured fluorescence anisotropy of the CAP-ICAP42FL
complex in the absence of RNA polymerase holoenzyme, and in the presence of RNA polymerase
holoenzyme.

Our experimental design was premised on the large difference in size, and thus the large difference in
rotation rates and in fluorescence anisotropy, of the CAP-ICAP42FL complex (=73,000 D) vs. the
CAP-ICAP42FL-RNA polymerase holoenzyme ternary complex (=520,000 D).

We find that addition of RNA nnlymerase holoenzyme to the CAP-ICAP42FL complex results in a large
increase in fluorescence anisotropy. Control experiments indicate that addition of RNA polymerase
holoenzyme to the [Alal158]CAP-ICAP42FL complex (see sections A-C) or to ICAP42FL alone does not
result in a large increase in fluorescence anisotropy. Additional control experiments, performed in
collaboration with Dr. A. Ishihama of the National Institute of Genetics, Japan, indicate that addition of
a(1-256) RNA polymerase holoenzyme (Cell 65:1015, 1991) does not result in a large increase in
fluorescence anisotropy.

We conclude that CAP interacts with RNA polymerase in solution in the absence of promoter DNA.
The equilibrium constant for the interaction is 2 x 107 M, an equilibrium constant comparable to the
concentration of RNA polymerase holoenzyme in vivo. The interaction requires the activation surface of
CAP and amino acids 257-329 of RNA polymerase a subunit. We speculate that the interaction
involves a direct protein-protein contact between the activation surface of CAP and RNA polymerase.

G. Analysis of the activation target of RNA polymerase: isolation and characterization of mutants of
RNA polymerase a subunit specifically defective in response to transcription activation by CAP. We have
used random mutagenesis of the rpoA structural gene, which encodes the RNA polymerase a subunit,
followed by application of an in vivo genetic screen, to isolate mutants of a specifically defective in
response to transcription activation by CAP--i.e., mutants of a defective in CAP-dependent transcription,
but not defective in CAP-independent transcription. We designate such mutants "pc,cap,d” (for positive
control, CAP, defective).

Thus far, we have isolated and characterized six independent rpoA™<4 mutants. The six rpoAPe<aPd
mutants are defective in CAP-dependent transcription at the lac promoter, but are not defective in
CAP-independent transcription at the lacPLSUVS promoter. Three of the six independent rpoAP<ard
mutants have strong phenotypes; the amino acid substitutions in these mutants map to amino acid 261
of a (Glu261-Lys, Glu261-+Gly). Three of the six independent rpoA®<?P4 mutants have weak
phenotypes; the amino acid substitutions in these mutants map to amino acids 295 and 298 of a
(G1y295-+Ser, Ser298-Pro). We conclude that amino acids 261, 295, and 298 of a are critical for
response to CAP at the lac promoter, and we speculate that amino acid 261 of a may participate in a
direct protein-protein contact with CAP at the lac promoter.
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MOLECULAR INTERACTIONS DURING TRANSCRIPTION ACTIVATION BY THE E. COLI
CYCLIC AMP RECEPTOR PROTEIN AND FNR

Steve Busby and Andrew Bell, School of Biochemistry, University of
Birmingham, Birmingham, U.K.

Introduction

The role of the E. coli cyclic AMP receptor protein (CRP) is the
induction of the expression of certain genes during conditions of
glucose starvation. In response to increases in intracellular cyclic
AMP, CRP activates transcription initiation at a number of different
targets. The basis of the DNA binding specificity of CRP is reasonably
well understood but the exact mechanism of the activation is less clear.
A number of other transcription factors are related to CRP, including E.
coli FNR which is responsible for induction of gene expression in
response to oxygen starvation. FNR (the protein required for expression
of fumarate and nitrate reductase) appears to be activated directly or
indirectly by Fe'' ions, which trigger binding to a 22 base pair
sequence very similar to the CRP-binding target. Both FNR and CRP bind
as dimers to an inverted repeat sequence: CRP also causes a sharp bend
at the target (it is likely that FNR also triggers a bend but there are
no data on this at present).

Activation of Transcription by CRP

CRP action has been intensively studied at a number of promoters. In
most cases, CRP makes a direct contact with RNA polymerase, likely
involving the a subunit. This contact results in either a tightening of
the initial binding of RNA polymerase to the promoter or in an
acceleration of the transition from the closed to the open complex. In a
number of cases CRP also directly prevents RNA polymerase from being
captured at alternative promoters.

One of the puzzles of CRP action is that, at different promoters, the
22 base pair CRP-binding site is located at different distances upstream
from the transcription start. In cases such as the lac promoter, where
the centre of the site is at -61% (with respect to the start site) RNA
polymerase contacts the closer CRP subunit resulting primarily in a
tightening of polymerase binding to the promoter.

At other promoters, where the CRP site is centred at -41%, the CRP-
induced DNA bending promotes contacts between polymerase and DNA
sequences upstream of the CRP site, resulting in an acceleration of the
closed to open complex. In open complexes at these promoters, RNA
polymerase can contact both subunits of the CRP dimer.

Independent evidence from three different laboratories shows that a
surface-exposed loop in CRP around T158 and H159 is directly involved in
important contacts with RNA polymerase: mutations in this loop prevent
CRP from activating transcription. We have shown that changes in a
second surface-exposed loop, including K52, can compensate for the
effects of mutations in the "158/159 loop", but only at promoters where
CRP binds at -41%. Thus changes in the "52 loop" create a second "patch"
on CRP that may interact with RNA polymerase. In the dimer, the 158/159
and 52 loops are located adjacent to each other but on different
subunits. At promoters where dimeric CRP binds at -41%, transcription
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activation is prevented by changes in the 158/159 loop in the upstream
subunit but can be restored by mutation in the 52 loop of the downstream
subunit.

At promoters where CRP binds at -41%, the CRP-site can be replaced by
bending sequences. These constructions resemble a small class of E. coli
promoters at which specific -35 region sequences are not required. In
these cases, RNA polymerase compensates for the lack of -35 region
contacts by making an extended interaction with the -10 hexamer and by
binding further upstream than at "consensus" promoters. This binding
results in distortion and wrapping of the upstream sequences around RNA
polymerase. When bound at -41%, CRP appears to emulate this type of
promoter.

Activation of Transcription by FNR

Analysis of a number of FNR-dependent promoters shows that, in most
cases, FNR binds to sites centred around -41%. A consensus FNR-binding
site can be deduced: transplanting this sequence into other promoters
confers FNR-dependence. Comparison of the amino acid sequences of FNR
and CRP suggest that FNR does not contain the equivalent of the CRP
158/159 loop but that an equivalent of the 52 loop is present. Mutations
in this loop of FNR lead to a reduction in FNR activity whilst not
affecting binding to target sites. We suggest that this loop is
responsible for transcription activation by FNR. Evidence that this
involves interaction with the « subunit of RNA polymerase will be
discussed.

Dimeric transcription activators that bind to inverted repeat sequences
display two different faces on adjacent subunits and, when bound at
-41%, it is possible for both subunits to contact RNA polymerase. We
suggest that all members of the CRP/FNR class of proteins can activate
transcription by either one or other of two different surface exposed
loops displayed on adjacent subunits in the dimer.

Dual Control of Transcription

CRP and FNR are "global" regulators in that they convey a major
metabolic signal (i.e. lack of glucose/oxygen) to a large number of
targets. Most of these target promoters are also controlled by specific
regulators that "interpret" the availability of specific metabolites.
Direct and indirect interactions of CRP with AraC, MalT, MelR, GalRr,
CytR etc. are well known. Similarly, FNR works in concert with a second
factor at a number of promoters. For example, the E. coli nitrite
reductase (nirB) promoter is controlled by nitrite as well as oxygen
starvation. Nitrite is signalled by the NarL protein that appears to
bind at the nirB promoter just upstream of the FNR-binding site, and may
affect the interaction of upstream sequences with RNA polymerase.
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POSITIVE CONTROL OF TRANSCRIPTION INITIATION BY cAMP+CRP IN lac
PROMOTER OF E. COLI

Sankar Adhya, Sangryeol Ryu and Susan Garges, Laboratory of Molecular Biology,
National Cancer Institute, National Institutes of Health, Bethesda, MD 20892

CAMP receptor protein (CRP) is a dimer that binds to DNA nonspecifically. Upon cyclic
AMP addition, the dimer undergoes a conformational change such that it binds to specific
sites at or near the promoters of many genes in E. coli with high affinity. Binding occurs
through a helix-turn-helix motif in the protein. The allosteric change in CRP induced by

¢AMP and DNA binding makes it an activator of transcription initiation for many of these

promoters. The biochemical steps of transcription initiation by 670- RNA polymerase have
been grossly divided into four steps: (i) Binding of RNA polymerase to the promoter to
form a closed complex; (ii) Isomerization of the closed to an open complex; (iii)
Transcription initiation and idling; and (iv) Promoter clearance. In principle, CAMP+CRP
could stimulate transcription initiation at any of these steps. The DNA binding site of
cAMP-+CRP can vary from a location very close to RNA polymerase to further upstream
regions from the start site of transcription. It has been shown that the step at which
cAMP-CRP influences transcription may depend on the location of the cAMP+CRP on
DNA with respect to the position of RNA polymerase binding. For example, cCAMP-CRP
influences RNA polymerase binding in lacPI promoter from a binding site at -60 region,
whereas it stimulates both binding and isomerization in galP! from -40 position.

However, the mechanism(s) by which cAMP affects these steps remains to be investigated.
Two models of action are generally considered: (a) The DNA-bound cAMP+CRP complex
influences RNA polymerase by a direct contact with it; and (b) cCAMP+CRP contorts the
DNA to facilitate RNA polymerase action at the promoter. Current genetic and biochemical
evidence suggests a potential contact between the activator complex and RNA polymerase.
cAMP-+CRP complex is also known to induce different amounts of bends in DNA 'in
different promoters. We have investigated whether any structural change in DNA induced
by cAMP-CRP influences trarscription initiation in the lacP! promoter of E. coli. Results
will be discussed that suggest that structural changes induced in DNA by cAMP+CRP may
affect RNA polymerase activity. (i) cCAMP«CRP complexed with DNA must be located in
cis to the lacP1 promoter. (ii) We have found a certain structural integrity of the short
stretch of DNA between the cAMP+CRP binding site at -60 and RNA polymerase binding
at -35 is essential for transcription activation.
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Interactions between RNA polymerase and CRP in open complexes
at theé lacP1 and galP1 promoters ¢ Use of mutated proteins.

ﬁm K: IGARASHI* & M. LAVIGNE
Institut Pastéur; Unité de Physicochimie des Mmomolécules Bialo &ues (URA1149 du CNRS),
F-75724 PARIS Cédex 15 - (Fax :33-1

* Department of Molecular Genetics, National Institute of Genetics, MISHIMA,
Shizuoka-ken 411, Japan

The GAMP-CRP complex regulates transcription intiation at & number of différent promoters.
At the lacP1 and galP1 promoters; it activates open complex formation by increasing initial binding
of RNA polymerase and/or accelerating the isomerisation raté from closed to open complex.
Protein-proeif contacts occur between the enzyme and thé cAMP-CRP complex which therefore
bind cooperatively to their targets on both promoters: However, the CRP site is centrered at -61.5
from the lacP1 transcription start whilst CRP binds 41.5 bp upsteam of thé gal/P1 start ;
interactions between RNA polymerase and the CRP protein are hence different at the lac and ga!
promoters: This observation is strengthened by thé existence of CRP mutants [1,2,3] or RNA
polymerasé [4,5] mutants which are deficient in /a¢ activation but can still stimulaté gal
transcription initiation:

Recently K Igarashi and A. Ishihama have shown that holoenzyme, reconstituted with
truncated ct-subunits (containing the first 235 or 256 residues of a) was ablé to support CRP
activated transcription at the gal promoter, but not at the la¢ promoter [4].

Using two up promoter mutants of the lac and gal promoters (lac UVS and gal 9A16C), we
first comparé the binding of CRP and cAMP to the promoter alone and to the open complex
formed with wild-type RNA polymerase ; CRP binds with a much higher affinity to the open
complex and réciprocally RNA polymerases binds better to both promoters in the presence of CRP
and cAMP; However holoenzyme, reconstituted with truncated o-subunits behaves differently at
the lac and gal promoters: Cooperative binding only occurs with the gal promoter. Footprinting
data confirm these results and suggest a plausible explanation for thé loss of cooperativity in the
case of the lac promoter.

1. BELL A:; GASTON K.; WILLIAMS R., CHAPMAN K:, KOLB A., BUC H., MINCHIN S., WILLIAMS J,

& BUSBY s Mutations that alter the ability of the E. coli cyclic AMP receptor prowin to activate
. Nucl: Acids Res, (1990) 18, 7243-7250

2, ESCHENLAUER A.C: & REZNIKOFF W.S.; E. coli catabolite gene activator protein mutants defective in
positive coniral of lac operon transcription. J. Bacteriol. (1991) l73 5024-5029

3. WILLIAMS R;; BELL A;; SIMS G. & BUSBY §., The role of two surface exposed loops in transcription
activation by the E: coli CRP and FNR plowm. Nucl. Acids Res. (1991) 19, 67056712

4: IGARASHI K; & ISHIHAMA A., Bipartite functional map of the E. coli RNA polymerase @ subunit :
Involvement of the C-terminal rcgion in transcription activation by cAMP-CRP.  Cell (1991) 65, 1015-1022

5. IGARASHI K: ¢i al., Functional map of the a subunit of E. coli RNA polymerase : twomodesofmmpuon
activation by positive factors. Proc. Nad; Acad. Sci. USA (1991) 88, 8958-8962
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HETEROLOGOUS COOPERATIVITY: THE CAMP~-CRP/
CYTR NUCLEOPROTEIN COMPLEX IN E.coli.

Poul Valentin-lansen, Henrik Pedersen, Bjern
Holst, and Lotte Sdgaard-Andersen, Department of
Molecular Biology, Odense University, Denmark.
The Escherichia coli CytR regulon includes at
least nine operons/genes coding for proteins
involved either in wuptake or catabolism of
nuc leosides and deoxynucleosides. A seriss of
recent experiments have unambiguously shown that
CAMP-CRP 1is an authentic component. of the CytR
repression apparatus and serves as an adaptor
that allows the CytR repressor to associate with
promoter-DNA. Using purified components we have
now analyzed the interactions of the two
regulator:s at all known CytR regulated promoters
These apalysis show that CytR is a sequence
specific DNA binding protein that binds its
targets with a relatively low affinity. In the
presence of cAMi’~CRP, however, DNA binding of
CYtR can be stimulated more than 1000 fold, and
also, the presence of CytR enhances CRP DNA
binding. This cooperative binding results in the
formation of a nucleoprotein complex in which
the regulators are located close to each other
on the same side of the DNA helix. Moreover, the
comhbined binding of the two regulators results,
in some of the promoters, in a repositioning of
the CcAMP-CRP complex. Mutational analysis have
established that amino acids 13, 17, 18, 108 and
110 of CRP are critical for its action as a cao-
repressor but not critical for transcriptional
activation. In the structure of CRP these amino
acids are located in two regions (loops) that
are in very close proximity on the surface of
the protein., We propose that these surface loops
are involved in a direct protein-protein contact
with the CytR repressor at the promoters.
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FEATURES OF THE TRANSCRIPTIONAL REPRESSOR RepA,
ENCODED BY THE PROMISCUOUS PLASMID pLS1

M. Espinosa, J. Pérez-Martfn and G. del Solar
Centro de Investigaciones Biol6gicas,CSIC. Veldzquez, 144. E-28006-Madrid (Spain)

pLS1 is a 4408-bp long multicopy streptococcal plasmid able of autonomous
replication in a variety of bacteria, gram-positive and gram-negative. Three plasmid
genes are involved in pLS1 replication and its control: repB, repA and mall. Initiation
of replication is mediated by the plasmid-encoded RepB protein, which has sequence-
specific endonuclease and topoisomerase activities. RepB synthesis is rate-limited, being
controlled by two plasmid-encoded elements belonging to the same regulatory circuit:
i) the repA gene product, RepA, which is a transcriptional repressor, and ii) the 50-nt
long antisense RNA II. The latter probably acts by specific pairing with its
complementary region of the rep mRNA, blocking the RepB-translation initiation signals.
RNA Il is transcribed from promoter P,, which shows two in-phase curved DNA regions
that acts as upstream activating sequences (UAS).

Genes repA and repB are co-transcribed from a single promoter, P,,. RepA is a
trans-acting 5.1-kDa protein which regulates its own synthesis and synthesis of RepB,
probably by keeping a constant level of repAB mRNA. The RepA protein has been
purified to homogeneity in an E.coli expression system, the protein being synthesized as
a dimer of identical subunits. The amino acid sequence of RepA has been determined,
being identical to that derived from the DNA sequence. RepA has 45 amino acids,
including the initial Met, so that it is the smallest repressor so far described. Computer-
assisted predictions indicate a simple structure for RepA: one g-sheet N-terminal
structure, the ahelix-turn-ahelix (HTH) motif typical of many DNA-binding proteins, and
a positively charged, random coil C-end.

High-resolution analyses
of the contacts between RepA
:'ﬂ\:,‘_ o, E St o and its DNA target showed

QY. ; \/j - that the protein binds to a 13-
bp symmetric element, most
likely its operator, within
which part of the -35 box of
P,g promoter is included. The
RepA-DNA contacts extend
beyond the symmetric
element, within a DNA region
encompassing 40 bp (Fig. 1). Such a long protected region may be explained because
upon binding, RepA introduces 2 strong DNA bend in a region already curved. The
centre of the RepA-induced bend is displaced some 30 nt upstream of the centre of the
intrinsically curved DNA.

Fig. 1

Substitution of the UAS of P, by a straight DNA region containing the target of
RepA showed that the expression of a reporter gene fused to P, could be modulated,
both in vitro and in vivo. RepA behaved as a transcriptional activator when its target was
phased with P, (Fig. 2A), whereas placing the RepA target out of phase with P, resulted
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in RepA-mediated gene

A i o repression (Fig. 2B).
a2 0 by, N Pyl
] 7 On the basis of our
. 5 results, we have proposed a
%—Q‘\ ® V4 unified model for the
£ ) -7 / £ regulation of transcription
l

P R initiation of regulated genes.
. | é% \l\% , | The model assumes that the

- [ . .

e\ ® J, 9N = appropriate positioning of a
m%\}\ \Q_@" » on promoter with a repressor
(activator) element is a key
feature for promoter switching
Fig. 2 (Fig. 2C). This model has

been tested by the use of the
E.coli fur operon regulatory signals. They are composed by two overlapping promoters,
differently phased on the DNA helix. The regulatory signals of the fur operon contain
a target for the catabolite-repressor protein (CAP), which was substituted by the target
of RepA, keeping its distance to the promoters. The repA gene was placed under an
inducible promoter, and was supplied in trans. We have been able to show that, in vivo,
RepA was able to modulate mRNA synthesis from one or the other promoter, just by
in-phase placing the RepA-target with the desired promoter. Our findings support the
above model, but do not discard other elements as being involved in the initiation of
transcription.

ALTIVATION ALPRESSION POS T OMINC/SWITCHING
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REGULATION OF PROLINE UTILIZATION IN SALMONEILLA
TYPHIMURIUM: REPRESSION REQUIRES A
NUCLEOPROTEIN COMPLEX FORMED BY THE REPRESSOR -
A MEMBRANE ASSOCIATED DEHYDROGENASE - BOUND
TO TWO OPERATOR SITES, CURVED DNA AND IHF. P.
Ostrovsky de Spicer, and S. Maloy. University of
Illinois, Urbana, Il

Salmonella typhimurium can utilize proline as a sole carbon
or nitrogen source. Proline utilization requires the expression
of the two genes in the put operon: the putP gene, which
encodes proline permease, and the putA gene, which encodes
a bifunctional dehydrogenase that degrades proline to
glutamate. Expression of the put operon is induced by
proline. Genetic evidence suggests that the PutA protein
represses transcription of the put operon when the
intracellular concentration of proline is low. The conclusions
of the genetic studies are confirmed by molecular biological
studies. Gel retardation and in vitro footprinting of wild type
and putA mutants demonstrate that purified PutA protein
binds to at least two sites in the put regulatory region. In vivo
footprinting experiments demonstrate that the PutA protein
itself is the repressor. The PutA binding sites are

accompanied by two IHF binding sites and separated by a
region of curved DNA. IHF enhances the protection against
DNAase digestion by purified PutA, suggesting that IHF might
promote or stabilize PutA binding to this region. When both
PutA binding sites are present on a single DNA fragment, PutA
protein binds DNA with a higher affinity. Cooperativity
between PutA molecules bound to the two distant sites has
been confirmed in vivo using the challenge phage system.
These results indicate that regulation of the put operon may
occur by DNA looping between two operator sites, facilitated
by DNA sequences that promote DNA bending.  Furthermore,
the presence of proline appears to disturb PutA binding to the
operator sites in vivo but not in vitro, suggesting that the
membrane sites for PutA interaction might be essential to
prevent PutA's repressor activity and achieve full induction.
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MODIFICATION OF RNA POLYMERASE BY THE PHAGE LAMBDA GENE Q
TRANSCRIPTION ANTITERMINATOR AT THE PHAGE LATE GENE PROMOTER.
Jeffrey Roberts, William Yarnell, Mark Kainz, Brian Ring, and
Jennifer MacDowell, Section of Biochemistry, Molecular & Cell
Biology, Cornell University, Ithaca, N.Y. 14853, U.S.A.

Lambda growth is controlled by two transcription
antiterminators, the products of its genes Q and N. The N
protein modifies RNA polymerase as it binds an RNA structure
encoded by a DNA site that may be distant from the promoter.
In contrast, the Q protein binds DNA between the -35 and -10
elements of the late gene promoter (1). RNA polymerase is
modified by Q not in the open complex, but instead in an
early elongation complex in which RNA polymerase pauses at
nucleotides 16 & 17 (2,3) and exposes the Q binding site in
the promoter region (1l); interaction of Q both modifies RNAP
to an antiterminating form, and greatly reduces the time of
the pause.

Although RNA polymerase in the early pause clearly has moved
from the open complex and has acquired essential properties
of elongation complexes, it also retains some properties of
the initiation complex. Thus, footprinting shows
interactions of RNA polymerase with DNA around -10 and -20
that are associated with the tendency to pause (1).
Furthermore, RNA polymerase initiating at a promoter placed
upstream of the late gene promoter does not pause detectably
at the early pause site—and Q does not modify this enzyme—
even though the enzyme transcribes all sequences required for
Q function (4); thus formation of the early paused complex
requires that RNA polymerase go through the process of
initiation at the associated promoter.

The pause is encoded mostly by nucleotides +2 and +6 (5,6),
but is also affected by bases +7, +8, and +9, as well as
bases at the downstream edge of the transcription bubble (6;
MK, WY & JWR, unpublished). Transcription of heteroduplex
templates in vitro shows that bases in the pnon-template
strand at positions +2 and +6 promote the pause (BR and JWR,
unpublished). Q protein affects the DNA footprint of the
paused complex not only at the Q binding site between -35 and
-10, but also at the beginning of the transcription bubble—
the segment where mutations also affect the pause, and
therefore the region where some structure induces the pause.

We suggest that Q has a similar effect on an essential pause
at terminators.
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REGULATION OF THE ANTIBIOTIC PRODUCTION IN Streptonyces coelicolor
Miguel Feméndez-Moreno, Angel Martin-Triana and Francisco Malpartida Romero
Centro Nacional de Biotecnologia, Madrid

SPAIN

Streptomyces are gram positive soil bacteria with two remarkable features: (1) undergoing a complex
life cycle which involves spore genmination, vegetative mycelia formation, its differentiation to aerial
mycelia and the formation of new spores and (2) being capable to produce an enormous variety of
compounds of human interest such as antibiotics, antitumoral agents, herbicides, hydrolitic enzymes and
SO on.

Streptomyces coelicolor is the most genetically characterized specie of the genera, it undergoes a
typical life cycle and produces five secondary metabolites, four of them with antibiotic activity:
actinorhodin, undecylprodigiosin, methylenomycin and CDA. The production of these secondary
metabolites are always associated 10 morphologycal changes in the colony, suggesting a common
mechanism of control for both processes.

In the last years, a number of systems of antibiotic production have be¢n characterised from different
origins, what has let to come out some conserved features: structural genes are clustered, the mechanisms
for resistance to metabolites from the pathway with antibiotic activity are inside the cluster and there is a
regulatory gene, close to the structural ones, which controls the expression of all of them. Actinorhodin is
a polyketide antibiotic well characterized, which shares all those characteristics. Production of actinarhodin
is controlled by a gene (the so called act/JORF4) internal to the cluster which determine the transcription of
the other act genes.

Actinorhodin and undecylprodigiosin, although belonging to different chemical families, have in
common to be regulated by a positive effector highly conserved. Similar regulatory gene prodicts have been
described in other routes such as the antitumoral agent doxorubicine from Streptomyces!peucetius. In
S.coelicolor, acilIORF4 has been shown to be the target of a regulatory gene of pleiowopic,action; bidA.
So, the two main processes in Strepromyces, morphological and biochemical differentiation,|are under the

control of the same gene.

At dute, several genes with pleiotropic action on antibiotic production in|S.coelicolor have been
characterised : afsR. absA,B, and afsB. Recently, we have isolated and characterized the locus abaA from S.coelicolor
(although higly conserved in different Streptomyces species ) which induce the actinorhodin production in Strepromyces
lividans, which has the structural information but lacks some regulatory signal/s. Analysis of gbaA revealed two ORFs
in which ORFA seems 10 be involved in biosynthesis of actinorhodin, undecylprodigiosin and CDA, but not in
methylenomycin. Moreover, when ORFA is in high copy number on wild type strain, this take a phenotype very

similar to bldA: lack of antibiotic production and sporulation.

All this, reveal the presence of a complex net of regulatory interconnected signals where process-specific
control genes are depending on several pleiotropic genes with more global action. Its characterization is one of the main

subjects of our group.
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CONTROL OF THE EXPRESSION OF THE DIVISION OPERON JIsQAZ IN
Escherichia coll.

Teresa Garrido, Manf Aldea, Pilar Palacios, and Miguel Vicente.
Centro de Investigaciones Biol6gicas. CSIC. Veldzquez, 144. 28006 Madrid. SPAIN.

The main cell division operon of Escherichia coli contains three essential
genes that are transcribed in thc same direction: frsQ, ftsA and ftsZ, Expression of
the ftsQ and ftsA genes is driven by both a gearbox and a regular promoter located
upstream from ftsQ. Gearbox promoters work in combination with housekeeper
promoters so that the encoded gene products are produced at constant amounts per
cell. The presence of this type of promoter in the regulatory region of the frs
genes ensures that the amount of geme expression compies with the septal needs
of the cell at different growth rates and, hence, at different cell sizes, The ftsZ
gene is expressed from tour promotcrs located within the open reading frame of
ftsA, the upstream gene [rom frsZ in the operon. Although FtsZ is also produced at
constant amounts per cell at different growth ratcs none of the four ftsZ
promoters showed a gearbox mode of expression (Aldea et al, 1990 EMBO J. 9: 3787-
3794), FtsZ is a key protein in septation, prcsent in 5000 molecules per cell, it stays
in the cytoplasm (Pla er al, 1991. Mol.Microbiol. §: 1681-1686) during most of the
cell cycle, but forms a ring structure in constricting cells (Bi and Lutkenhaus,
1991. Nature 354: 161-164)

We have investigated the behaviour of a strain in which the expression of
ftsZ can bc triggered at will, independently of the cell cycle. For this purpose a
genetic surgery procedure has been devised, so that expression of frsZ is
dissociated from its natural regulatory signals, and becomes IPTG-dependent.
These cells nced levels of FisZ 40% over the wild type omes to divide as efficiently
as the wild type strain.

We have quantitated the celular levels of the ftsZ mRNA using PCR
amplification. The procedure used is based on the sequential action of reverse
transcriptase and Tag polymerase. Both enzymatic reactions are simultancously
quantitated by including an RNA standard that uvses the same pimers as the
messenger of frsZ, and contains an internal deletion what results in a product
with a lower molecular weigth. Using this procedure we have found taht each cell
contains on the average threc molecules of ftsZ mRNA.
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Transcription analysis of the hydrogen-uptake genes in  Rhizobium
leguminpsarum bv viceae.

Y. Hernando, E. Hidalgo, J.M. Palacios, J. Murillo, B, Brito, L. Rey and T.
Ruiz-Arglleso. Departamento de Microbiologia. E.T.S. Ingenieros Agronomos.
Universidad Politécnica de Madrid.

The production of hgdrogen by nitrogenase is a major factor affectin
enaergy efficiency of the nitrogen fixation process. In some strains o
Rq*;ggigm lequminos bv viceae a hydro?enase system 1s induced which
allows the recycling of part of the energy lost as hydrogen.

The DNA involved in Hz oxidation in R. lequminosarum bv viceae 128C53
is clustered in a 20 Kb region cloned in cosmid pAL618 (1). The analysis of
the nucleotide sequence of the whole cluster revealed the presence of the
genes encoding the Structural subunits of the hydrogenase enzyme (hupS and
hupl, 2) along with 15 additional genes. By mutant complementation
analysis it was shown that the hup genes are organized in at least four
transcriptional units, designated regions hupI/Il (hupSLCDEF),  hupIlI
(hupGH), hupIV (huplJK) and hupV/VI (hypABNCDE) (3). One of these regions,
hupV/VI, is expressed in vegetative cells in response to low 0= tensions in
the culture medium, whereas the remaining regions are only expressed 1n
sgmbiosis with peas (4). In this communication we are presenting data on
the characterization of the promoters identified in the hup cluster as
well as on the regulation of its transcription.

A transcription initiation site for region hupl/II1 was identified 57 bp
upstream of hupS bz primer extension experiments. This site is preceded by
sequences highly homologous to the o%4- and IHF-consensus binding sites,
suggesting that the transcription of the structural region 1s positively
regulated, Both type of sequences are also present upstream the coding
region of huplIl region. In order to investigate the functionality of these
two boxes, band-shift and foot-print experiments are currently being carried
out in our group.

Two transcription initiation sftes for the region hupV/VI were
fdentified 1in microaerobically grown cells of strain 128C53, while onl
one of them is used in symbiotic cells. Both sites are located upstream o¥

hypB, within hypA. Using a Bhi;gqjgm peliloti mutant strain affected in the
symbiotic regulatory gene fixK, 1t was shown that the two start sites depend
on an active FixK in R. meliloti. In addition, one more transcription
initiation site was identified upstream of hypA only in symbiotic cells.
This 1s the only start site which allows the transcription of the gene hypA.
Although the compleémentation analysis of region EgﬁN/VI indicates the
existence of two 'separate transcription units, the presence of a
transcription start site for hupVI has not been prooved. The actual sizes of
the hup RNA transcripts are currently being determined by Northern

hybridization experiments.

1) Leyva, A. et al., 1987. J. Bacteriol. 169: 4929-4934,

2) Hidalgo, E. et u1.. 1990. Plant Mol.Biol.15: 367-370.

3) Leyva, A. et al., 1990. J, Bacteriol. 172: 1647-1655.
(4) Palacios, JM et al., 1990. Mol. Gen. Genet. 221: 363-370.
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‘THE CONTROL OF TRANSCRIPT ELONGATION BY RNA POLYMERASE IT: SI
PROTEIN AND THE BYPASS OF BLOCKS TO ELONGATION Caroling M. Kane, H.
Carrie Chen, Karen R. Christic, Guadalupe Cipres-Palacin, and Zoc Weaver, Division of
Blsocnem)sny and Molecular Biology, university of California i Berketey, serkeley CA 94/20,
USA.

RNA polymerase 11 recognizes many bIocKs to elongation within both cellular and viral
transcription units. If these blocks were used without relief in cells, then little mature message
(and therefore little protein) would be produced for any of these transcription units. However,
the use of these sites within cells appears to be regulated, and several different strategies are used
for this regulation.

One of these strategies involves a transcript elongation factor, SII, first identified and
characterized by Natori and coworkers (1), This purified protein can act in conjunction with
purified RNA polymerase II to promote readthrough of several sites which block the elongation
of the polymerase in vitro, The protein interacts directly with RNA polymerase II, and the
mechanism by which this interaction promotes readthrough is the subject of intensive study in
several laboratories. It has recently been shown that SII mixed with paused RNA polymerase I
elongation terary complexes results in a cleavage of the 3' end of the nascent transcript (2), The
ternary complex can then elongate the 5' end of this cleaved transcript. This reaction is
reminiscent of one recently reported for E. coli RNA polymerase (3). How such a reaction might
promote readthrongh of hlacks to elongation for RNA polymerase I1is not known.

We have begun to ask which subunits of RNA polymerase 11 might be important for the
interaction with SII protein, We have used purified SII and RNA polymerase II from yeast to
show that subunits 4 and 7 of the polymerase are not necessary in order for SII to exert its effect
on readthrough. In addition, the unusual conserved C-terminal domain heptapeptide repeat
region of RNA polymerase 11 is not necessary for the readthrough promoted by SII,

We have also begun site-directed mutagenesis of the cDNA for the human SII protein,
and we have shown that only 170 amino acids at the C-terminal end of the 301 amino acid
protein are needed for stimulating RNA polymerase 11, Alanine-cassette mutagenesis is being
performed on the truncated active SIT protein in an attempt to identify residues important both
for the interaction with RNA polymerase 11 and for the readthrough activity.

Finally, we have evidence that there may be a family of genes encoding SlI-related
proteins in both human and yeast cells. Genomic cloning and genetic selection are being used to
identify and characterize additional SlI-related proteins in both organisms,

(1) Natori, S. (1982) Molec. and Cell Biochem. 46, 173-187.
(2) Reines, D. (1992) J. Biol. Chem. 267, 3795-3800.
(3) Surratt et al. (1991) Proc. Natl. Acad. Sci. USA 88, 7983-7987.
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Genetic analysis of XylS binding to its operator at the Pm promoter of the
TOL plasmid: transcriptional activation through weak interactions of the
regulator with an upstream direct repeat

Birgit Kessler!, Victor de Lorenzo! '2, Marta Herrero! and Kenneth N. Timmis!

1 Gesellschaft fir Biotechnologische Forschung, Bereich Mikrobiologie,
3300 Braunschweig, Germany.
Centro de Investigaciones Bioldgicas (CSIC). 28006 Madrid, Spain.

Pseudomonas putida strains containing the TOL plasmid pWWO0 are able to grow on toluene
and xylenes as the sole carbon source via initial conversion of these compounds into
benzoate/toluates followed by meta-cleavage of the aromatic ring. Transcription of the
pWWO-borne upper operon, which specifies the bioconversion of xylenes into toluates,
originates from the Pu promoter when this is acted on by the XyIR protein activated by pathway
substrates and other structural analogs. Transcription of the meta operon, which determines the
further metabolism of toluates to pyruvate and acetaldehyde, originates from the Pm promoter
when this is acted on by the XyIS protein activated by -substituted benzoates or by an excess of
XylS protein itself. Transcription of the xy/S gene is driven by a XylR-dependent promoter, Ps.

Unlike the complex regulation of the 0% and IHF-dependent promoters Pu and Ps,

transcription from the Pm promoter seems to require only the presence of active XyIS protein
(along with a benzoate effector) and cognate upstream cis-sequences.

The cis-acting sequences within the Pm promoter/operator region have been identified
through deletion analysis and mutagenesis of the region. To ensure a faithful monitoring of the
controlling elements in vivo, chromosomal integration systems for E. coli and Pseudomonas
were utilized to obtain Pm-/acZ fusions and xyl/S in monocopy dosage. Integrity and proper
phasing of two homologous tandem sequences 5-TGCAAPuAAPuPyGGNTA-3" separated by 6 base
pairs and overlapping with the -35 region of the Pm promoter was essential for m-toluate
activation of a Pm-lacZ fusion in xy!/S* strains. The center of the direct repeats were found on
the same DNA helix side as that of the RNA polymerase and slightly bent towards it. Pm promoter
sequences did not interact in vitro with RNA polymerase alone and therefore transcription
activation is predicted to occur through XylS-mediated formation of a closed complex, as Is the
case in the related P,,,54/AraC system. The lack of saturability of Pm by overproduced XylS,

as well as multicopy inhibition and transcription interference experiments in vivo, indicate
that formation of the oligomeric XyIS form which binds to operator DNA and/or the protein-DNA
interactions at the direct repeats is very weak.
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THE EFFECT OF cup-1 ON lac OPERON EXPRESSION
AND LACTOSE TRANSPORT

Jyoti Ramchandani, S.K.Bhattacharjee, and S.K.Mahajan.
Molecular Biology And Agriculture Division
Bhabha Atomic Research Centre
Trombay, Bombay-400085.

cup-1 is a pleiotropic mutatation of E.coli K-12 (Mahajan et al
1988). It blocks the growth of the mutant cells on a variety of
carbon sources including PTS as well as non-PTS sugars, and
catabolite repressible as well as catabolite non-repressible
carbon sources. It prevents the uptake of '4C 1labelled sugars.
This mutation maps near 97 min on the standard E.coli map and is
transferred as a distal marker by HrfH. In F’ merodiploids cup-1
is dominant over its cup! allele. 1t grows very poorly in rich
media and frequently accumulates revertants. The cup-1 strains
frequently acquire partial suppressors that allow the mutant
cells to grow on a specific sugar or a group of sugars (Mahajan
et al, 1988).

Cells bharbouring the mutant allele c¢cup-1 on a multicopy
plasmid failed to grow on glucose in addition to other carbon
sources. This and the observation that cup-1 was not
cotransducible with markers to the left indicated that the growth
of the original cup-1 isolate on glucose was due to the presence
of a glucose suppressor mutation, tentatively designated as gls.
P1 transduction data give evidence for the presence of gls near
98 min on the E.coli map. A glycerol suppressor mutation was also
found to be located nearby. Levels of B-~galactosidase in isogenic
cup* and c¢up-1 lacl- strains showed that cup-1 drastically
reduces induction of the lactose operon. The induction was
partially restored by exogenous cAMP, indicating that one of the
effects of cup-1 is to lower the levels of cAMP in the <cell by
reducing 1its synthesis. In addition, there is genetic evidence
that cup-1 blocks lactose transport even when enzymes of the Jlac
operon are expressed.
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Regqulation of Gene Expression in Halophilioc Archaebacteria.

F.J.M. Mojica!, G. Juez!, P. Forterre? and F. Rodriguez-Valera?,

Dept.Genética Molecular y Microbiologia, Universidad de Alicants, Spain®. Institut de Génétique
et Microbiologie, Université Paris-Sud, Centre D'Orsay Cedex, France?,

The halophilic archaebacterium Haloferax mediterranei is able to grow over a wide range of salt
concentrations (from 10% total salts to saturation of NaCl). To be able to grow at such a different
salinities the organism has to suffer considerable physiological changes, many of which could be
regulated at transcriptional level. A markedly different expression of the gene encoding the gas
vesicle protein of H. mediterranei depending on the salinity of the medium has been described (1),
On the other hand, on the basis of the effect of gyrase inhibitors on gene expression in
Halobacterium halobium and the presence of putative Z-DNA sequences in certain halobacterial
genes, some authors have suggested a possible role of topology of DNA on the regulation of
expression in halobacteria (2).

We have studied, by Northern blot hybridization, the expression of different DNA fragments from
a genomic library of A. mediterranei, all of which presented restriction pattern modifications
depending on the salinity of the growth medium (3). Our results show that at least three of these
DNA sequences presented markedly different transcript levels depending on the salt concentration
of the growth medium. All these sequences showed a marked enhancement of expression at higher
salinities (at 30% salts much higher than at 20% salts, which is the optimal salt concentration) and
also in some cases a slight enhancement of transcript levels at low salinity (12% salts, aproaching
the minimal concentrations for growth). These DNA sequences could be related to structural or
regulatory proteins being highly espressed in osmolie stress conditions. These DNA [ragments are
also being sequenced to determine the corresponding ORFs, In the regions upstream one of these
ORFs (ORF 61) we have observed peculiarities such as purine-pyrimidine alternancy and inverted
and direct repeats similar to those described in promotor regions of certain halobacterial génes,
We have also studied the local supercoiling of sequences upstream ORF 61 by @ method based on
the preferential intercalation of psoralen into supercoiled versus relaxed DNA (4), and have
detected significant changes in supercoiling after cells were shifted from 12% and 20% salts to
30% salts, Further studles are in progress to clarify the mechanisms involved in regulation of
expression in halobacteria.

REFERENCES
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XYLS, THE POSITIVE REGULATOR OF THE Pseudomonas TOL META-CLEAVAGE
PATHWAY
C. Michén, M.T. Gallegos, L. Zhou and J.L. Ramos. CSIC, Estacién

Experimental del Zaidi{n, Aptdo 419, 18080 Granada, Spain.

The TOL meta-cleavage pathway operon of seudomonas putida
encodes the enzymes required for growth on alkvlbenzoates.
Transcription from the operon promoter is mediated by the XylS$S
positive regulator in the presence of benzoate effectors, or,
when overproduced, in the absence of effectors.

The Xy1lS protein belongs to a family of positive regulators that
includes at least eighteen proteins. These proteins activate
transcription from a number of operons for sugar metabolism and
alkylating agent response, among other functions,

Based on protein alignments, the members of this family exhibit
a long stretch of homology at the C-terminal end where a motif
involved in DNA-binding has been located.

Chemical and oligonucleotide site-directed mutagenesis at the N-
terminal end of XylS have identified residues important for
effeotor binding and activation of this regulator.
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CONTROL OF GENE EXPRESSION OF RHAMNOSE OPERON IN ESCHERICHIA COLI

P. Moralejo, E. Hidalgo and J.Aguilar.
Unit of Biochemistry, School of Pharmacy, University of Barcelona. Diagonal 643, Barcelona (8028,
SPAIN.

L-Rhamnose is a methylpentose sugar that can be used as a sole carbon and energy source by
Escherichia coli. The gencs required for the metabolism of the L-Rhamnose have been mapped at 88.4
min on the Escherichia coli chromosomce and constitute an operon formed by five closely linked genes:
the rhamnose regulatory gene rhaC, formed by two overlapping genes (rhaS and rhaR) and four
structural genes; rhaT (encoding rhamnose permease), rhaB (encoding rhamnulose kinase), rhaA
(encoding rhamnose isomerase) and rhaD (encoding rhamnulose-1-F aldolase). rhaT s separated from
the three other structural genes by their common regulatory gen rhaC. It has been described that rha
operon is under positive control.

The four structural genes have been cloned and sequenced previously in our laboratory. Two
protein-binding domains were found in the 5’ region of rhaB, constituting a good catabolite repression
protein conscnsus binding site. No clear -10 or -35 consensus sequences are apparent, which is not
unusual in genes belonging to an operon under positive control. Some inverted repeat sequences are
present in the rhaA-rhaD intergenic region and there is a rho-independent transcriptor terminator in
the 3’ region of rhaD.

The "Northern blot" analysis reveals the existence of one transcript of 1.5 Kb for rhaB. For rhaA
and rhaD two transcripts of 1.3 and 2.3 Kb can be seen. This is uncommon to Prokaryotes operons
which normally are expressed in a polycistronic transcript. The presence of more than one transcript
could be due to degradation of a single mRNA or to the presence of scveral transcriptional start
points. To discard the possible existence of intergenic transcriptional start points we prepared lacZ
gene fusions. The 5 region of the riaB, rhaA and rhaD genes has been ligated to the lacZ gene.
Analysis of B-Galactosidase activitics of cells with a single copy of the fusion yielded 20,000 B-
galactosidase units for rhaB-lacZ fusion, 100 B-galactosidase units for rhaA-lacZ fusion and 50 p-
galactosidase units for rhaD-lacZ fusion. In accordance with these results, there seems to be only one
promoter, thaB promotcr, which would control the three structural genes. These results support the
notion of mRNA instability.

1t is well known that transcription and translation are coupled processes in Prokaryotes. To
analyse the influence of translation in mRNA stability we performed some experiments of RNA
obtention under different conditions, including time after inducer addition or presence of antiblotics,
such as chloramphenicol. Under some specific conditions we have found a 4.3 Kb transcript which
would corregpond to the full length rhaBAD mRNA. Therefore, "Northern blot" products mentioned
above would most likely be the result of mRNA degradation.
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TRANSCRIPTION OF THE E. COLI HEMOLYSIN OPERON. ROLE OF THE COORDINATE TRANSCRIPTION
ACTIVATOR PROTEIN RFAH.

Marc Bailey, Jose Nisto, Vassilis Koronakis and Colin Hughes.

Cambridge University Department of Pathology. Cambridge CB21QP. England.

The hemolysin toxin (HlyA) Is secreted by pathogenic Escherichia coli and forms membrane pores in
cells of the host immune system, causing cell dysfunction and death. Hemolylic determinants can be
found both In large plamids (pHly152) or in chromosomal locations (LE2001 and pSF4000).
Secretion of HlyA occurs without a periplasmic intermediate and is directed by an uncleaved C-
terminal targetting signal and the HlyB and HIlyD translocator proteins, the former being a member of
a fransporter suparfamily central to Import and export of a wide range of substrates by prokaryotic
and eukaryotic cells. The process by which HiyA Is targetted to mammalian cell membranes Is
dependent upon fatty acylation of the precursor, proHIlyA, directed by the activator protein HiyC and
the cellular acyl carrier proteln. The secretlon proteins HlyB and HlyD are encoded by genes
contiguous and coexpressed with the hiyC and hlyA genes responsible for synthesis of cytolytically
active toxin. HlyB and HlyD are present al very low levels In the cell membrane fraction, primarily
due to down regulation of secretion gene expresslon. This Is achieved by uncoupling operon
transcription of the synthesis and secretion genes via transcript termination at a rho-Independent
terminator within the operon, an affact probably accentuated by diiferential stability of the truncated
and elongated transcripts. Expression of the speclfic hemolysin export function Is mediated by
transcript antitermination at the hlyA-hlyB Intergenic terminator and this is dependent on
structural elements, including the hiyR locus, which are positioned upstream of the hly operon
promoter gsequences and which are thought to act as binding sltes for regulatory proteins involved in
both hly transcription activation and antitermination. We have recently Identified an activator of
hlyCABD gene expression as the 18kDa product of the faH gene which positively regulates transcript
initiation and possibly antitermination in the operons encoding synthesis of surface sex pilus and
lipopolysaccharide of E.coli and Salmonella. We are currently studying the role of RfaH In
transcription Initiation and possibly elongation and the possible interaction of the activator protein
with putative transcription sequences directing the coordinate expression of virulence and fertility.
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"Protein p4 stabilizes RNA polymerase closed complex by direct protein-
protein contacts". B. Nuez, F. Rojo and M. Salas. Centro de Biologia
Molecular (CSIC-UAM) Universidad Autonoma, Cantoblanco, 28049
Madrid. Spain.

Trancription of the late genes of Bacillus subtillis phage @29 occurs from
PA3 promoter. This promoter is located adjacent to the divergently
transcribed main early promoter (PA2b). Protein p4 binds to a DNA region
located between positions -56 and -102, relative to PA3 transcription start site,
activating PA3 transcription while repressing PA2b. It has been shown that
binding of protein p4 and RNA polymerase to PA3 is highly cooperative and
that a correct stereospecific alignment of both proteins is required for
activation.

The role of protein p4 in transcription initiation has been analysed
kinetically. The protein p4 major activating effect was shown to be in closed
complex formation with little or no effect in subsequent steps of the
initiation process.

The role of direct protein-protein interactions between protein p4 and RNA
polymerase in the initiation process was investigated by band-shift assays. A
DNA fragment containing the PA3 promoter was digested at position -56,
relative to the PA3 transcription start point, producing two DNA fragments
that contained either the protein p4 binding site, upstream from position -
56, or the RNA polymerase binding region. Two findings were taken as
evidence for direct protein-protein contacts between the regulator and the
RNA polymerase. First, the RNA polymerase could retard specifically the
DNA fragment containing protein p4 binding site only in the presence of
protein p4 and second, its binding to the fragment containing the PA3
transcription start site was greatly enhanced by protein p4. Neither of these
effects were obtained if a mutant protein p4, that efficiently recognizes its
binding site but does not activate transcription from PA3, was used. This
mutant protein only lacks twelve amino acids at its carboxyl-end, suggesting
that interactions with the RNA polymerase are maintained through a
specific region of protein p4. When E. coli RNA polymerase was used
instead of B. subtilis RNA polymerase, retardation of DNA fragments in the
presence of protein p4 was not obtained.

These results strongly suggest that the protein p4 stimulation of closed
complex formation could be mediated by specific protein-protein
interactions between protein p4 and B. subtilis RNA polymerase.
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PROTEIN-INDUCED BENDING COULD ACT AS A TRANSCRIPTIONAL
SWITCH FACTOR IN VIVO

Pérez-Martin, José & Espinosa, Manuel.

Centro de Investigaciones Biolégicas. CSIC. Velazquez 144. 28006 Madrid (Spain).

Gene expression in prokaryotic organism is controlled by DNA-binding proteins. Many of these
rcgulatory protcins bend cognate DNA sequences upon binding, but whether the resulting DNA curvature
forms part of the mechanism for transcription initiation remains uncertain. To study the effects of protcin-
induced DNA bending in transcription iniﬁal.{on in vivo, we have examined the effect of substituting the
CAP site of the E. coli fur cperon by the heterologous binding site of the DNA-bending repressor RepA
from the pneumococcal pLS1 plasmid. The fur genc is expressed from two tandem overlapping promoters,
being their -35 and -10 regions located at opposite sides of the DNA helix. Under catabolite repression
conditions, activity of the downstream promoter P, (placed at the opposite helix side of the CAP-binding
sequence) is paralelled by a decrease in transcription from the upstream promoter Pg. On the contrary,
transcription from Py (located at the same helix side than the CAP binding site) is stimulated in conditions
of catabolite activation, with simultaneous repression of the downstream promoter P,.

How is the transcriptional switch effected in the fur operon?. The data obtained suggest a model
for the transcriptional switch in which bending is a crucial step for alternate promoter activation/repression.
The presence of a DNA curvature on the rigth or wrong side of the RNA polymerase binding site has been
show to activate or to repress, alternatively, the activity of corresponding promoter. In the case of natural
promoters, tandemly-located, such as those presents on the fur or gal operons, RNA polymerase binding
to constitutive basal promoter may contribute to repress transcription from the catabolite-responsive
promoter, because the RNA polymerase generate itsclf a bend at the opposite DNA helix side. Only when
the activator protein binds to its upstream site, the activator-induced bend counteracts the polymerase-
induced bend at the constitutive promoter and may drive the RNA polymerasc into the catabolite-responsive
promoter. The activator-induced bend, reinforced with the RNA polymerase-induced bend at the activator-
responsive promoter, could help to inhibit the transcription of basal promoter, located now at thc wrong
face of the bend.

Intrinsic or protein-induced DNA bends may increase the interaction of RNA polymerases and
other DNA-binding proteins, "poised" at high affinity sites, towards nearby low affinity sites, thus adding

another level of complexity to transcriptional regulatory circuits.
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In Vivo Thermodynamic Analysis of Looping as a Function of
Interoperator Distance In /ac Constructs: Estimates of Free and Local /ac
Repressor Concentrations and of Physical Properties of the Interoperator

Reglon of Supercoiled Plasmid DNA

Paula J. Richey', Scott M. Law$, Gregory R. Bellomy,
and M. Thomas Record, Jr.'§

Departments of Biochemistry$ and Chemistry'
University of Wisconsin-Madison
Madison, Wi. 53706 U.S.A.

A strong-binding primary (O*) /ac operator located 100-200 basepairs upstream
of a /ac promoter control region reduces expression from a lac promoter controlled by a
weaker binding (OF) /ac operator between three- and twenty-fold on a multicopy plasmid
in E. coli. We attribute this effect to loop formation in which a thermodynamically stable
complex is formed between bidentate /ac repressor tetramers and the O+ and O¢
operators. We have used this looping assay to characterize the physical properties of
the intervening DNA region in vivo. The extent of expression is a periodic function of the
distance In base pairs between the O+ and the OC operators. The periodicity of
modulation is 11.28+0.04 basepairs, which we interpret as the halical repeat of this
region of supercoiled plasmid DNA in vivo. Possible origins of this altered helical repeat
include the global linking deficit of the supercoiled DNA and any local linking deficit
induced by divergent transcription from promoters bracketing the interoperator region.
By application of a thermodynamic model for repression and the analysis developed for
DNA cyclization, we calculate that the local concentration of /ac repressor at the OC site
from looping varies periodically in the range 4-40 uM, with an amplitude which
decreases monotonically with increasing interoperator distance in the range examined.
(For comparison, we estimate that the thermodynamic activity of /ac repressor is less
than 2 uM in this strain.) The DNA cyclization analysis also yields an apparent in vivo
persistence length of 63+26 A (which Is ~15% of the in vivo resutt) and an in vivo
torsional rigidity constant of (1.140.1)x10-1® arg cm (which is at the lower end of the
range of values found in vitro) for this DNA segment.
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DNA supercoiling stabilizes open complexes formed at the main
early and late promoters of Bacillus subtilis phage (329

Fernando Rojo, Beatriz Nuez, Mario Mencia and Margarita Salas.
Centro de Biologia Molecular (CSIC-UAM), Universidad Auténoma, Canto
Blanco, 28049-Madrid (Spain)

Transcription of phage @29 genome takes place in two stages. Early genes
are transcribed from several promoters, of which PA2b is the main one.
Late genes are expressed from a single promoter named PA3, which is
adjacent to PA2b but is transcribed in the opposite direction (1).
Transcription from PA3 requires the viral early protein p4, a
transcriptional regulator that activates PA3 while simultaneously
repressing PA2b (2,3).

The study of a number of strong B. subrilis promoters in linear templates
has recently led to propose that promoters in this organism fall into two
classes: those forming stable open complexes with cA-RNA polymerase
and those giving rise to unstable complexes, that can be dissociated by a
competitor challenge (4). In line with this finding, we have observed that
open complexes formed by ©A-RNA polymerase at the regulated @29
PA2b and PA3 promoters in linear templates are unstable, being sensitive
to heparin challenge. The presence of the two initiating nucleoside
triphosphates could only stabilize these complexes to a low extent,
Interestingly, the introduction of moderate or high DNA supercoiling
significantly stabilized the open complexes at both promoters. The
overall effect of DNA supercoiling on the activity of both promoters was
nevertheless different: it considerably stimulated PA2b while it had no
effect or was moderately inhibitory for PA3 in the presence of protein p4.
The behaviour of this class of B. subtilis promoters is therefore analogous
to the Escherichia coli ribosomal RNA promoters which, unlike the
majority of E. coli promoters, also form unstable open complexes with
o670-RNA polymerase that are stabilized by DNA supercoiling (5).

References: (1) Mellado et al. (1986), J. Mol. Biol. 191:191-197; (2)
Barthelemy & Salas (1989), J. Mol. Biol. 208: 225-232; (3) Rojo & Salas
(1991), EMBO J.10: 3429-3438; (4) Whipple & Sonenshein (1992), J.Mol.
Biol. 223: 399-414; (5) Leirmo & Gourse (1991), J. Mol. Biol. 220; 555-
568.
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Regulation of parD, a stability system of plasmid R1 .

Maria Jesus Ruiz Echevarria, Alfredo Berzal Herranz, Kenn Gerdes®, Ramén Dfaz Orejas.
Centro de Investigaciones Biolégicas (CSIC). Velazquez 144, 28806 Madrid. * Department of
Molecular Biology, University of Odense, Campusvej 55, Odense M. Dinamarca.

parD is a stability system of plasmid R1 that is located in a region adjacent to the basic replicon
of the plasmid (1). This system is normaly sylent but its derepression greately increases the
maintenance of the R1 replicon in the bacterial populations (1). This stabilizing effect Is
modulated by the action of the two proteins of the system, a Killing protein, Kid , and a protein,
Kis, that antagonizes the killer (1,2). Analysis of parD sequences (1) and characterization of
parD transcripts (3) indicates that the kis and kid genes form an operon in which the kis gene
is transcribed first.

A detailed analysis of the regulatory role of the Kis and Kid proteins inidicates that they act
coordinately to repress at the transcriptional level expression of the system and that the Kis
protein alone has a weak regulatory activity (3). Derepression of parD originates two
transcripts, that occur with similar aboundance and that have similar stability: a polycistronic
messanger and a shorter transcript that codes only for the antagonist of the system. The shorter
transcript terminates within kid and after a sequence that can form an stem-loop structure.
However a detailed analysis indicates that this structure does not seems to act as a
transcriptional terminator. Polarity and translational coupling prevent synthesis of the killer
protein when the antagonist is not synthesized.

These data indicate that synthesis of the first component of parD , the antagonist, is favored,
both at the transcriptional and postranscriptional levels, over synthesis of the Kkiller.

We have found that the parD system is transcriptionaly derepressed when replication of the
plasmid is inefficient and that this derepression is associated with a clear stabilization of the
plasmid. Further analyses indicate that this stabilization is due at least to two effects:
counterselection of segregants and increased efficiency of replication. The recovery in
replication seems to occur at the expenses of the autoregulatory potential of the system,
indicating a direct role of Kis and/or Kid in this effect. Copy number mutations, that restore the
efficiency of plasmid replication, switch-off expression of parD. This indicates that gene dosage
regulates expression of the system and suggests that derepression of the parD system when
replication is inefficient, is triggered initially by low gene dosage.

These data underline the interlink between the basic replication functions of R1 and the parD
stability system (both at the levels of regulation and activity), and suggest that the close
assotiation of both regions is functional.

(1)Bravo,A., Torrontegui,G., and Dfaz,R (1987). Mol. Gen. Genet. 210, 101-110.

(2)Bravo,A., Ortega,S., Torrontegui,G., and Diaz,R. (1988). Mol. Gen. Genet. 215, 146-151.

(3)Ruiz-Echevarrfa, M.J., Berzal-Herranz,A., Gerdes,K., and Diaz-Orejas,R. (1991). Mol.
Microbiol. 5, 2685-2693.
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Concluding Comments
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Itis tricky to discharge the task of offering concluding comments to the participants of a
workshop; for readers of these abstracts, the task is different, but no easier. For partipants, there
are several things to avoid: (1) Offering a conscientious summary of the meeting, pointing out
the highlights, or offering parting personal insights is not particularly useful. In the first place,
the participants do not need that. Moreover, it is the spontaneous and multilateral exchanges of
ideas, in direct response or challenge to just-presented information, that make workshops such as
this particularly valuable for the fortunate participants. Sifting what is significant and might
stimulate new experiments or thinking is very much an individual task. (2) Telling those assem-
bled what is important to do next is not likely to be appreciated. This is not, after all, the human
genome project! People who work in our field have already demonstrated their stubborn ten-
dency to independence of judgment and their preference for making their own decisions about
what fascinates and motivates them, the shifting winds of fashion to the contrary notwithstand-
ing.

For the non-participant reader of this booklet, many of the abstracts are sufficiently detailed
to serve as capsule reviews. What they lack is the presentation of latest results and substantial
changes of emphasis in some of the presentations at the workshop. Nevertheless, the abstracts
are superior to a brief summary.

It is, I hope, instead useful to add a more general but widely agreed-upon judgement of the
research enterprise of which this workshop is a manifestation: that it is in robust intellectual and

creative shape. At the workshop, this was demonstrated in two ways. New insights were offered
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into problems that have been studied for two decades or more and have been regarded as under-
stood, at least in respect to what has been conventionally thought to be "important" to know, for
much of that time. Nevertheless, the sustained drive to understand what is really going on is
currently being rewarded with fundamental new insights into a number of these classical prob-
lems, including the mechanism of RNA chain elongation, the modes of interaction of proteins
with RNA polymerase that generate positive transcriptional regulation, and regulatory anti-
termination of transcription by the phage A gene Q protein. Digging constantly deeper is in the
tradition of the "harder" physical sciences; in the field of transcription, it is a trad‘ition that, at
least for the time being, is most readily followed by working with some of the classical problems
of prokaryotic gene regulation. The reasons for this rest partly with material advantages: the
availability of powerful genetic systems, tractable levels of biochemical complexity, large and
reliable bodies of relevant information. Equally important is a working milieu that tends to hold
to meticulous standards of experimental analysis and to a punctilious regard for the rules of evi-
dence. Also important is an appreciation, on at least a part of the research community that is
engaged in this kind of work, for the enormous chemical complexity of these problems, and for

the potential benefits of quantitative analysis.

I'hope that it is not too trite to point out what the stakes of this kind of deep and detailed
analysis are. Itis, after all, clear that all transcription apparatus evolves from common historical
roots and operates within common chemical constraints. As a direct consequence of this,
sufficiently basic insights about transcriptional mechanisms are almost certain to have universal
implications.

In a second dimension, there were several presentations of gene regulatory systems that are

relatively new to detailed investigation at the molecular level. Just as there is great promise in
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the deep analysis of what we already know something about, there is also enormous excitement
in realizing how vast is the unexplored territory before us. The greatest part of evolution has
happened in the prokaryotes; the animals, plants and fungi together represent ten percent or less
(Woese, 1990). It is a foregone conclusion that the largely unexplored biological diversity of

prokaryotes will yield genuine novelty in gene regulation.

Many of the presentations at the workshop fit somewhere in between these roughly orthog-
onal modes of exploration. Several presentations concerned multiprotein-DNA complexes that
contort DNA as they generate regulated transcriptional activity. Other talks dealt with
transcription-regulatory manifestations of bacterial chromatin structure, still difficult to define
clearly and precisely at the molecular and mechanistic level, though now (happily, I think) on
the minds of many. The remarkable interplay between cell-cell communication, signal transduc-
tion pathways, cell differentiation and serial changes of transcriptional regulation in bacterial
A sporulation was sketched in one presentation. Enhancer-like systems and the principles on
which they operate were also discussed. For the participants of the workshop, this breadth of
coverage and the selection of topics was exhilarating and thought-provoking. It is hoped that,
for others, these abstracts will provide access to current thinking about some of these problems,
and that they will be of some help to those who are interested in watching out for what comes

next or, better still, joining the game.

C.R. Woese (1990). Proceedings of the National Academy of Sciences, USA, 87, 4576-4579.



LIST OF INVITED SPEAKERS



83

Workshop on

TRANSCRIPTION INITIATION IN PROKARYOTES

S. Adhya

H. Bujard

S. Busby

M.J. Chamberlin

R.H. Ebright

M. Espinosa

E.P. Geiduschek

R. L. Gourse

C. A. Gross

List of Invited Speakers

Laboratory of Molecular Biology.
National Cancer Institute, National
Institutes of Health, Bethesda, MD.
20892 (USA).

Fax : 1 (301) 402 13 44

ZMBH, University of Heidelberg, Im
Neuenheimer Feld 282, DW-6900
Heidelberg (Germany) .

Fax : 49 06221 565 892

School of Biochemistry, University of
Birmingham, Edgbaston, Birmingham Bl15
2TT (U.K.).

Tel.: 44 021 414 54 00

Fax : 44 021 414 39 82

Division of Biochemistry and Molecular
Biology, University of California,
Berkeley, 401 Barker Hall, Berkeley,
CA. 94720 (USA).

Fax : (510) 643 50 35

Department of Chemistry and Waksman
Institute, Rutgers University, New
Brunswick, N.J. 08855 (USA).

Fax : (908) 932 57 35

Centro de Investigaciones Bioldgicas,
C.8.I.Cs., c/Veldzquez, 144, 28006
Madrid (Spain). Fax : 34 1 562 75 18

Department of Biology, Center for
Molecular Genetics, University of
California at San Diego, 9500 Gilman
Drive, La Jolla, CA. 92093-0634 (USA).
Fax : (619) 534 70 73

Department of Bacteriology, University
of Wisconsin-Madison, E.B. Fred Hall,
1550 Linden Drive, Madison, WI. 53706
(USA) .

Tel.: 608 262 29 14

Fax : 608 262 98 65

Department of Bacteriology, University
of Wisconsin, 1550 Linden Drive,
Madison, WI. 53706 (USA).

Tel.: 608 262 29 14

Fax : 608 262 98 €65



84

S. Kustu Departments of Plant Pathology and
Molecular and Cell Biology, University
of California, Berkeley, CA. 94720
(USA) .
Tel.: 510 643 93 08
Fax : 510 642 38 45

J. Roberts Section of Biochemistry, Molecular &
Cell Biology, Cornell University,
Biotechnology Building, Ithaca, N.Y.
14853 (USA).
Fax : 607 255 24 28

L. Rothman-Denes Departments of Molecular Genetics and
Cell Biology and Biochemistry and
Molecular Biology, The University of
Chicago, 920 Eats 58th Street, Chicago,
IL. 60637 (USA).
Fax : (312) 702 31 72

M. Salas Centro de Biologia Molecular,
(C.8.I.C.-U.A.M.), Universidad
Autdnoma, Facultad de Ciencias,

Cantoblanco, 28049 Madrid (Spain).
Tel.: 34 1 397 50 70
Fax : 34 1 397 47 99

R. Schleif Biology Department, The Johns Hopkins
University, 34th and Charles Street,
Baltimore, MD. 21218 (USA)
Fax : (410) 516 52 13

P. Stragier Institut de Biologie Physico-Chimique,
13 rue Pierreet Marie Curie, 75005
Paris (France).
Tel.: 33 1 43 29 85 99
Fax : 33 1 40 46 83 31

W.C. Suh Departments of Chemistry and
Biochemistry, University of Wisconsin-
Madison, 420 Henry Mall, Madison, WI.
53706 (USA).
Tel.: 608 262 30 26
Fax : 608 262 34 53



LIST OF PARTICIPANTS



87

Workshop on

TRANSCRIPTION INITIATION IN PROKARYOTES

K.L. Brown

J. Casadesis

R. Diaz Orejas

Q. Dong

M. Ferndndez-Moreno

T. Garrido

H.C. Gramajo

E. Hidalgo

List of Participants

Department of Genetics, John Innes
Institute, John Innes Centre, Colney
Lane, Norwich NR4 7UH (U.K.).

Tel.: 44 (0603) 52 571

Fax : 44 (0603) 56 844

Laboratorio de Genética, Facultad de
Biologia, Universidad de Sevilla,Avda.
Reina Mercedes, s/n®, Apartado 1095,
41080 Sevilla (Spain).

Tel.: 34 54 61 70 11

Fax : 34 54 61 57 80

Centro de Investigaciones Bioldgicas,
C.8.I.C., Veldzquez, 144, 28006 Madrid
(Spain) .

Tel.: 34 1 561 18 00

Fax : 34 1 562 75 18

Lab. of Genetics & Biotechnology,
vV.I.T.O., Vlaamse Instelling voor
Technologisch Onderzoek, Boeretang 200,
2400 Mol (Belgium).
Tel.: 32 14 333 111
Fax : 32 14 320 372

Centro Nacional de Biotecnologia,
Serrano, 115 Bis, 28006 Madrid (Spain).

Centro de Investigaciones Bioldgicas,
C.S8.I.C., Veldzquez, 144, 28006 Madrid
(Spain) .

Tel.: 34 1 585 43 75

Fax : 34 1 562 75 18

John Innes Institute, Colney Lane,
Norwich NR4 7UH (U.K.)
Tel.: 44 (0603) 52 571
Fax : 44 (0603) 56 844

Departamento de Microbiologia, E.T.S.
Ingenieros Agrdénomos, Universidad
Politécnica de Madrid, Ciudad
Universitaria, 28040 Madrid (Spain).
Tel.: 34 1 544 48 07 Ext. 304

Fax : 34 1 543 48 79



C.M. Kane

B. Kessler

A. Kolb

V. de Lorenzo

S.K. Mahajan

F.J.M. Mojica

C. Michdn

P. Moralejo

88

Department of Biochemistry and
Molecular and Cell Biology, University
of California, Berkeley, 401 Barker
Hall, Berkeley, CA. 94720 (USA).

Tel.: 510 642 05 94

Fax : 510 642 78 46

GBF Gesellschaft fir Biotecnologische
Forschung mbH, Bereich Mikrobiologie,
Mascheroder Weg 1, D-3300 Braunschweig
(Germany) .
Tel.: 49 (0531) 61 81 403
Fax : 49 (0531) 61 81 411

49 (0531) 61 81 515

Unité de Physicochimie des
Macromolécules Biologiques, Institut
Pasteur, U.R.A. 1149 du C.N.R.S.,
25, Rue du Docteur Roux, F-75724 Paris
Cedex 15, (France).
Tel.: 33 1 45 68 85 04
Fax : 33 1 45 68 85 21

33 1 40 61 30 60

Centro de Investigaciones Bioldgicas,
C.S5.I.C., Veldzquez 144, 28006 Madrid
(Spain) .

Tel.: 34 1 561 18 00

Fax : 34 1 562 75 18

Molecular Biology and Agriculture
Division, Bhabha Atomic Research
Centre, Trombay, Bombay-400085 (India)
Fax : 91 22 556 07 50

Departamento de Genética Molecular y
Microbiologia, Universidad de Alicante,
Campus de San Juan, Apartado 374, 03080
Alicante (Spain).

Tel.: 34 6 565 85 54

Fax : 34 6 565 85 57

Estacidon Experimental del Zaidin,
c.8.1.C., Prof. Albareda, 1, 18008
Granada (Spain).

Tel.: 34 58 12 10 11

Fax : 34 58 12 96 00

Unidad de Bioquimica, Facultad de
Farmacia, Universidad de Barcelona,
Avda. Diagonal, 643, 08028 Barcelona
(Spain)

Tel.: 34 3 330 79 63

Fax : 34 3 490 82 74



J. Nieto

B. Nuez

P. Ostrovsky de Spicer

T. Owen-Hughes

J.M. Palacios

J. Pérez-Martin

A. Puyet

P.J. Richey

89

Departament of Pathology, Cambridge
University, Tennis Court Road,
Cambridge CB2 1QP. (U.K.).

Tel.: 44 (0223) 33 77 33

Fax : 44 (0223) 33 33 46

Centro de Biologia Molecular, C.S.I.C.,
Facultad de Ciencias, Universidad
Autdnoma de Madrid, Cantoblanco, 28049
Madrid (Spain).

Tel.: 34 1 397 84 34

Fax : 34 1 397 47 99

Department of Microbiology, University
of Illinois at Urbana-Champaign, 131
Burrill Hall, 407 S. Goodwin Ave,
Urbana, IL. 61801 (USA).

Tel.: (217) 333 22 03

Fax : (217) 244 66 97

Imperial Cancer Research Fund,
Institute of Molecular Medicine,
University of Oxford, John Radcliffe
Hospital, Oxford 0OX3 9DU (U.K.).

Tel.: 44 (0865) 22 24 27

Fax : 44 (0865) 22 24 31

Departamento de Microbiologfia, E.T.S.
Ingenieros Agrénoms, Universidad
Politécnica de Madrid, Ciudad
Universitaria, 28040 Madrid (Spain).
Tel.: 34 1 544 48 07 Ext. 304 6 264
Fax : 34 1 543 48 79

Centro de Investigaciones Bioldgicas,
C.5.1.C., Veldzquez, 144, 28006 Madrid
(Spain) .

Tel.: 34 1 561 18 00

Fax : 34 1 562 75 18

Centro de Investigaciones Bioldgicas,
C.S.I.C., Veldzquez, 144, 28006 Madrid
(Spain) .

Tel.: 34 1 561 18 00

Fax : 34 1 562 75 18

Department of Chemistry,University of
Wisconsin-Madison, 1101 University
Avenue, Madison-Wisconsin 53706 (USA).
Tel.: 608 262 30 26
Fax : 608 262 34 53



Ruiz-Echevarria

del Solar

Valentin-Hansen

90

Centro de Biologia Molecular, C.S.I.C.,
Facultad de Ciencias, Universidad
Autdnoma de Madrid, Cantoblanco, 28049
Madrid (Spain).

Tel.: 34 1 397 84 34

Fax : 34 1 397 47 99

Centro de Investigaciones Bioldgicas,
C.8.I.C., Veldzquez, 144, 28006 Madrid
(Spain) .

Tel.: 34 1 561 18 00

Fax : 34 1 562 75 18

Departamento de Genética y Biotecnia,
Facultad de Biologia, Universidad de
Sevilla, Apartado 1095, 41080 Sevilla
(Spain) .

Tel.: 34 54 61 70 11 Ext. 15

Fax : 34 54 61 57 80

Albert-Ludwigs-Universitdt Freiburg,
Institut fir Biologie IIT,
Schidnzlestrasse 1, D-7800 Freiburg 1
(Germany) .

Tel.: 49 761 203 27 11

Fax : 49 761 203 27 45

Centro de Investigaciones Bioldgicas,
C.8.I.C., Veldzquez, 144, 28006 Madrid
(Spain) .

Tel.: 34 1 561 18 00

Fax : 34 1 562 75 18

Department of Biochemistry, The Medical
School, Queens Medical Centre, Clifton
Boulevard, Nottingham NG7 2UH (U.K.).
Tel.: 44 (0602) 42 14 21 Ext. 41363
Fax : 44 (0602) 42 22 25

Department of Molecular Biology, Odense
Universitet, Institut for Molekylaer
Biologi, Campusvej 55,DK-5230 Odense M.
(Denmark) .

Tel.: 45 9 66 15 86 00

Fax : 45 9 65 93 27 81



Texts published in the

SERIE UNIVERSITARIA

by the

FUNDACION JUAN MARCH
concerning workshops and courses organized within the
Plan for International Meetings on Biology (1989-1991)

246

247

248

249

251

252

Workshop on Tolerance: Mechanisms
and implications.

Organized by P. Marrack and C. Marti-
nez-A. Lectures by H. von Boehmer, J.
W. Kappler, C. Martinez-A., H. Wald-
mann, N. Le Douarin, J. Sprent, P. Mat-
zinger, R. H. Schwartz, M. Weigert, A.
Coutinho, C. C. Goodnow, A. L. DeFran-
co and P. Marrack.

Workshop on Pathogenesis-related
Proteins in Plants.

Organized by V. Conejero and L. C. Van
Loon. Lectures by L. C. Van Loon, R. Fra-
ser, J. F. Antoniw, M. Legrand, Y. Ohashi,
F. Meins, T. Boller, V. Conejero, -C. A.
Ryan, D. F. Klessig, J. F. Bol, A. Leyva
and F. Garcia-Olmedo.

Beato, M.:
Course on DNA - Protein Interaction.

Workshop on Molecular Diagnosis of
Cancer. ’

Organized by M. Perucho and P. Garcia
Barreno. Lectures by F. McCormick, A.
Pellicer, J. L. Bos, M. Perucho, R. A.
Weinberg, E. Harlow, E. R. Fearon, M.
Schwab, F. W. Alt, R. Dalla Favera, P. E.
Reddy, E. M. de Villiers, D. Slamon, I. B.
Roninson, J. Groffen and M. Barbacid.

Lecture Course on Approaches to Plant
Development.

Organized by P. Puigdoménech and
T. Nelson. Lectures by |. Sussex, R. S.
Poethig, M. Delseny, M. Freeling, S. C. de
Vries, J. H. Rothman, J. Modolell, F. Sala-
mini, M. A. Estelle, J. M. Martinez Zapater,
A. Spena, P. J. J. Hooykaas, T. Nelson,
P. Puigdoménech and M. Pages.

Curso Experimental de Electroforesis
Bidimensional de Alta Resolucién.

Organizado por Juan F. Santarén. Semi-
narios por Julio E. Celis, James |. Garrels,

253

254

255

256

Joél Vandekerckhove, Juan F. Santarén
y Rosa Assiego.

Workshop on Genome Expression and
Pathogenesis of Plant RNA Viruses.

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

Advanced Course on Biochemistry and
Genetics of Yeast.

Organized by C. Gancedo, J. M. Gance-
do, M. A. Delgado and I. L Calderdn.

Workshop on The Reference Points in
Evolution.

Organized by P. Alberch and G. A. Dover.
Lectures by P. Alberch, P. Bateson, R. J.
Britten, B. C. Clarke, S. Conway Morris,
G. A. Dover, G. M. Edelman, R. Flavell,
A. Fontdevila, A. Garcia-Bellido, G. L. G.
Miklos, C. Milstein, A. Moya, G. B. Mdiller,
G. Oster, M. De Renzi, A. Seilacher,
S. Stearns, E. S. Vrba, G. P Wagner,
D. B. Wake and A. Wilson.

Workshop on Chromatin Structure and
Gene Expression.

Organized by F. Azorin, M. Beato and
A. A. Travers. Lectures by F. Azorin, M.
Beato, H. Cedar, R. Chalkley, M. E. A.
Churchill, D. Clark, C. Crane-Robinson,
J. A. Daban, S. C. R. Elgin, M. Grunstein,
G. L. Hager, W. Horz, T. Koller, U. K.
Laemmli, E. Di Mauro, D. Rhodes, T. J.
Richmond, A. Ruiz-Carrillo, R. T. Simpson,
A. E. Sippel, J. M. Sogo, F. Thoma, A. A.
Travers, J. Workman, O. Wrange and
C. Wu.



257

258

259

260

261

263

Lecture Course on Polyamines as mo-
dulators of Plant Development.
Organized by A. W. Galston and A. F. Ti-
burcio. Lectures by N. Bagni, J. A. Creus,
E. B. Dumbroff, H. E. Flores, A. W. Galston,
J. Martin-Tanguy, D. Serafini-Fracassini,
R. D. Slocum, T. A. Smith and A. F. Tibur-
cio.

Workshop on Flower Development.
Organized by H. Saedler, J. P. Beltran and
J. Paz Ares. Lectures by P. Albersheim,
J. P. Beltran, E. Coen, G. W. Haughn, J.
Leemans, E. Lifschitz, C. Martin, J. M.
Martinez-Zapater, E. M. Meyerowitz, J.
Paz-Ares, H. Saedler, C. P. Scutt, H.
Sommer, R. D. Thompson and K. Tran
Thahn Van.

Workshop on Transcription and Repli-
cation of Negative Strand RNA Viruses.
Organized by D. Kolakofsky and J. Ortin.
Lectures by A. K. Banerjee, M. A. Billeter,
P. Collins, M. T. Franze-Fernandez, A. J.
Hay, A. Ishihama, D. Kolakofsky, R. M.
Krug, J. A. Melero, S. A. Moyer, J. Ortin,
P. Palese, R. G. Paterson, A. Portela, M.
Schubert, D. F. Summers, N. Tordo and
G. W. Wertz.

Lecture Course Molecular Biology of
the Rhizobium-Legume Symbiosis.
Organized by T. Ruiz-Arglieso. Lectures
by T. Bisseling, P. Boistard, J. A. Downie,
D. W. Emerich, J. Kijne, J. Olivares,
T. Ruiz-Argueso, F. Sanchez and H. P.
Spaink.

Workshop The Regulation of Transla-
tion in Animal Virus-Infected Cells.
Organized by N. Sonenberg and L. Ca-
rrasco. Lectures by V. Agol, R. Bablanian,
L. Carrasco , M. J. Clemens, E. Ehrenfeld,
D. Etchison, R. F. Garry, J. W. B. Hershey,
A. G. Hovanessian, R. J. Jackson, M. G.
Katze, M. B. Mathews, W. C. Merrick, D.
J. Rowlands, P. Sarnow, R. J. Schneider,
A. J. Shatkin, N. Sonenberg, H. O. Voor-
ma and E. Wimmer.

Lecture Course on the Polymerase
Chain Reaction.
Organized by M. Perucho and E. Martinez-

264

265

266

267

268

Salas. Lectures by D. Gelfand, K. Hayashi,
H. H. Kazazian, E. Martinez-Salas, M. Mc
Clelland, K. B. Mullis, C. Oste, M. Perucho
and J. Sninsky.

Workshop on Yeast Transport and

Energetics.

Organized by A. Rodriguez-Navarro and
R. Lagunas. Lectures by M. R. Chevallier,
A. A. Eddy, Y. Eilam, G. F. Fuhrmann, A.
Goffeau, M. Hofer, A. Kotyk, D. Kuschmitz,
R. Lagunas, C. Ledo, L. A. Okorokov, A.
Pefa, J. Ramos, A. Rodriguez-Navarro,
W. A. Scheffers and J. M. Thevelein

Workshop on Adhesion Receptors in
the Immune System.

Organized by T. A. Springer and F. San-
chez-Madrid. Lectures by S. J. Burakoff,
A. L. Corbi-Lopez, C. Figdor, B. Furie, J.
C. Gutiérrez-Ramos, A. Hamann, N. Hogg,
L. Lasky, R. R. Lobb, J. A. Lopez de Cas-
tro, B. Malissen, P. Moingeon, K. Okumu-
ra, J. C. Paulson, F. Sanchez-Madrid, S.
Shaw, T. A. Springer, T. F. Tedder and A.
F. Williams.

Workshop on Innovations on Protea-
ses and their Inhibitors: Fundamental
and Applied Aspects.

Organized by F. X. Avilés. Lectures by T.
L. Blundell, W. Bode, P. Carbonero, R.
W.Carrell, C. S. Craik, T. E. Creighton, E.
W. Davie, L. D. Fricker, H. Fritz, R. Huber,
J. Kenny, H. Neurath, A. Puigserver, C.
A. Ryan, J. J. Sanchez-Serrano, S. Shal-
tiel, R. L. Stevens, K. Suzuki, V. Turk, J.
Vendrell and K. Withrich.

Workshop on Role of Glycosyl-Phos-
phatidylinositol in Cell Signalling.
Organized by J. M. Mato and J. Larner.
Lectures by M. V. Chao, R. V. Farese, J.
E. Feliu, G. N. Gaulton, H. U. Haring, C.
Jacquemin, J. Larner, M. G. Low, M. Mar-
tin Lomas, J. M. Mato, E. Rodriguez-
Boulan, G. Romero, G. Rougon, A. R.
Saltiel, P. Strélfors and |. Varela-Nieto.

Workshop on Salt Tolerance in Mi-
croorganisms and Plants: Physiological
and Molecular Aspects.

Organized by R. Serrano and J. A. Pintor-



Toro. Lectures by L. Adler, E. Blumwald,
V. Conejero, W. Epstein, R. F. Gaber, P.
M. Hasegawa, C. F. Higgins, C. J. Lamb,
A. Lauchli, U. Littge, E. Padan, M. Pages,
U. Pick, J. A. Pintor-Toro, R. S. Quatrano,
L. Reinhold, A. Rodriguez-Navarro, R.
Serrano and R. G. Wyn Jones.

Organized by R. Baker and J. M. Delgado-
Garcia. Lectures by C. Acuna, R. Baker,
A. H. Bass, A. Berthoz, A. L. Bianchi, J.
R. Bloedel, W. Buno, R. E. Burke, R. Ca-
miniti, G. Cheron, J. M. Delgado-Garcia,
E. E. Fetz, R. Gallego, S. Grillner, D. Guit-
ton, S. M. Highstein, F. Mora, F. J. Rubia

269 Workshop on Neural Control of Move- Vila, Y. Shinoda, M. Steriade and P. L.
ment in Vertebrates. Strick.

Texts published by the
CENTRE FOR INTERNATIONAL MEETINGS ON BIOLOGY

1 Workshop on What do Nociceptors Tell Estrella, D. A. Hoisington, J. Kermicle, M.

the Brain?

Organized by C. Belmonte and F. Cervero.
Lectures by C. Belmonte, G. J. Bennet, J.
N. Campbell, F. Cerverd, A. W. Duggan, J.
Gallar, H. O. Handwerker, M. Koltzenburg,
R. H. LaMotte, R. A. Meyer, J. Ochoa, E.
R. Perl, H. P. Rang, P. W. Reeh, H. G.
Schaible, R. F. Schmidt, J. Szolcsanyi, E.
Torebjork and W. D. Willis Jr.

Workshop on DNA Structure and Protein
Recognition.

Organized by A. Klug and J. A. Subirana.
Lectures by F. Azorin, D. M. Crothers, R.
E. Dickerson, M. D. Frank-Kamenetskii, C.
W. Hilbers, R. Kaptein, D. Moras, D. Rho-
des, W. Saenger, M. Salas, P. B. Sigler, L.
Kohlstaedt, J. A. Subirana, D. Suck, A. Tra-
vers and J. C. Wang.

Lecture Course on Palaeobiology: Pre-
paring for the Twenty-First Century.
Organized by F. Alvarez and S. Conway
Morris. Lectures by F. Alvarez, S. Conway
Morris, B. Runnegar, A. Seilacher and R.
A. Spicer.

Workshop on The Past and the Future
of Zea Mays.

Organized by B. Burr, L. Herrera-Estrella
and P. Puigdoménech. Lectures by P.
Arruda, J. L. Bennetzen, S. P. Briggs, B.
Burr, J. Doebley, H. K. Dooner, M. Fromm,
G. Gavazzi, C. Gigot, S. Hake, L. Herrera-

Motto, T. Nelson, G. Neuhaus, P. Puigdo-
ménech, H. Saedler, V. Szabo and A. Viotti.

5 Workshop on Structure of the Major His-

tocompatibility complex.

Organized by A. Arnaiz-Villena and P. Par-
ham. Lectures by A. Arnaiz-Villena, R. E.
Bontrop, F. M. Brodsky, R. D. Campbell,
E. J. Collins, P. Cresswell, M. Edidin, H.
Erlich, L. Flaherty, F. Garrido, R. Germain,
T. H. Hansen, G. J. Hammerling, J. Klein,
J. A. Lopez de Castro, A. McMichael. P.
Parham, P. Stastny, P. Travers and J.
Trowsdale.

Workshop on Behavioural Mechanisms
in Evolutionary Perspective.

Organized by P. Bateson and M. Gomendio.
Lectures by J. R. Alberts, G. W. Barlow,
P. Bateson, T. R. Birkhead, J. Carranza, C.
ten Cate, F. Colmenares, N. B. Davies, R.
I. M. Dunbar, J. A. Endler, M. Gomendio,
T. Guilford, F. Huntingford, A. Kacelnik, J.
Krebs, J. Maynard Smith, A. P. Moller, J.
Moreno, G. A. Parker, T. Redondo, D. I
Rubenstein, M. J. Ryan, F. Trillmich and J.
C. Windfield.



The Centre for International Meetings on Biology
has been created within the
Instituto Juan March de Estudios e Investigaciones,
a private foundation which complements the work
of the Fundacion Juan March (established in 1955)
as an entity specialized in scientific activities
in general.

The Centre’s initiatives stem from the Plan
for International Meetings on Biology,
supported by the Fundacion Juan March.

A total of 30 meetings and 3 Juan March Lecture
Cycles, all dealing with a wide range of subjects
of biological interest, were organized between
1989 and 1991 within the scope of this Plan.

The Centre endeavours to actively and
sistematically promote cooperation among Spanish
and foreign scientists working in the field of Biology.

through the organization of Lecture
and Experimental Courses, Workshops, Seminars,
Symposia and the Juan March Lectures on Biology.



%\\ Instituto Juan March de Estudios e Investigaciones

é Castello, 77 e Teléfono 34-1-4354240 e Fax 576 3420
28006 Madrid (Espana)

The lectures summarized in this publication
were presented by their authors at a workshop
held on the 15th through the 17th of June,
1992, at the Instituto Juan March.

All published articles are exact
reproductions of author’s text.

There is a limited edition of 350 copies
of this volume, available free of charge.



