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Despite their constrained dimensions, microbes are very 
successful life forms, able to colonise the most extreme environments. 
Microbial cells, when compared to the eukaryotic ones, contain very 
simple structures. Sorne microbes (Mycop/asma) may cope with life with 
just 1% the quantity of genes that a human cell needs to carry. As the 
structure of the bacteria! genes is relatively simple - without introns or 
other adomments - the economy in genetic material is even more 
remarkable: one human cell contains more DNA than one thousand 
Escherichia coli cells. Their limited amount of genetic information is 
nevertheless managed by microbes in an exquisite manner, exploiting all 
imaginable devices both at the molecular, physiological, and cellular levels 
to attain their primary goal: survival and proliferation. The basic 
mechanisms used by microbial cells to manage their small and compact 
genetic information involve, nevertheless, similar principies as those found 
in their eukaryotic counterparts. 

Although E. coli contains 4288 potential genes (sorne 30% with 
unassigned function), the number of RNA polymerase molecules per cell 
is calculated to be limited to 2000. This paucity in the amount of 
transcriptional enzyme is managed by the regulatory networks of the 
bacteria! cell in a very efficient manner. Bacteria can respond to a 
diversity of stimuli and stresses by wisely regulating the molecular 
mechanisms involved in transcription. At least one third of the molecules 
in the polymerase core enzyme population are not engaged in 
transcription, forming a pool that can be called into action in response to 
environmental changes. Free core RNA polymerase molecules can be 
directed to transcribe specific regulons by association to an assortment of 
alternative sigma factors (at least seven in E. co/1) which are themselves 
expressed under specific circumstances. lf required, the cell can 
specifically inactivate sorne of its sigma factors by complementary anti­
sigmas. 

A set of nearly one hundred transcription factors can modify the 
expression of specific genes by establishing intermolecular contacts with 
DNA and the different subunits of RNA polymerase. In addition to the 
dedicated transcription factors, members of the class of DNA-binding 
proteins (IHF, Fis, HU, HNS ... ) are known to contribute to transcription 
regulation by modifying the architecture of many regulatory regions, 
bringing together in three dimensional space DNA sequences that may be 
not so near each other. 

The expression of genes controlling functions essential for cell 
proliferation involves a high complexity, beginning with the number of 

Instituto Juan March (Madrid)
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promoters implicated. Even bacteriophages use to their advantage many 
of the molecular subtleties present in bacteria! cells to fine tune the 
expression of relevant genes to the specific needs of the different stages 
in their lytic cycle. Their case can be considered as a rudimentary stage of 
differentiation, which in those bacteria that undergo differentiation (e.g. 
Cau/obacter crescentus) is achieved, as it is in eukaryotic cells, by 
sequentially tuming on and off sorne genes, and by compartmentalization. 

Survival is one of the goals of bacteria, and it involves processes 
in which they have been peculiarly inventive. Under adverse 
circumstances Bacillus subtilis cells undergo sporulation. The production 
of a spore is the result of different sigma factors being selectively 
activated and sequestered into different compartments, what results in the 
activation of specific genes. Even cells of E. coli, which do not sporulate, 
are not dull in their demise. Entrance into stationary phase triggers the 
expression of specific genes directed by the appearance of a specific 
sigma factor, a 5

, and the inhibition of a 0
, the "housekeeper" sigma which 

transcribes most of the promoters during exponential growth, by an anti­
sigma. 

lt is within this perspective that bacteria! gene expression is viewed 
in recent times as a rather elaborate web of interactions, comprising 
various regulatory circuits controlled by an assortment of molecules. The 
relative simplicity of the /ac operon served in the past as a model to 
stimulate research in Molecular Genetics, but it may no longer be 
considered as the paradigm of the bacteria! expression unit. When 
studied at the global level, the complexity of bacteria! regulatory 
mechanisms may serve to stress that the complexity of eukaryotic cells is 
not unique in the phylogenetic scale. 

The description of the molecules involved in the initiation of 
transcription, in modifying the architecture of DNA, and monitoring the 
global state of the cell comprised the first part of the Workshop on 
"Bacteria/ Transcription Factors lnvolved in Global Regulation". How these 
mechanisms operate at the cellular level during the growth and survival of 
bacteria! populations was discussed in the second part. The workshop 
finished with descriptions of the regulatory circuits operating during cell 
division, differentiation and sporulation. 

June 1998 
Miguel Vicente 
Roberto Kolter 
Akira lshihama 
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Control of Activity and Specificity of RNA Polymerase 

Akira ISHIHAMA 
National Institute of Genetics, Mishima, Shizuoka 411, Japan 

Bacteria} RNA polymerase is composed of core enzyme with the 
subunit structure a 2 ~~' and one of multiple molecular species of a 

subunit with promoter recognition activity, both together forming 
holoenzyme. In Escherichia coli, for instance, seven different species of 
a subunit have been identified, each recognizing a specific set of 
promoters. We found that the total number of core enzyme in E. coli 
stays constant ata level characteristic of the rate of cell growth, which is 
less than the total number of genes on the E. coli chromosome, while the 
number of each a molecule varíes in response to cell growth conditions. 
In addition to the level control, the activity of each a subunit is subject to 
control by cytoplasmic solutes and nucleoid structures. Furthermore 
unused a subunits are sometimes stored as complexes with anti-a subunits 
(or regulators of sigma factors). 

Promoters for the genes constitutively expressed in growing cells 
are recognized by holoenzyme E<J70 but transcription of the promoters for 
inducible genes requires in addition one of more of transcription factors . 
E. coli contains more than 100 species of transcription factors, which can 
be classified into four groups based on the contact site on RNA 
polymerase. A systematic effort is being made for genetic mapping of the 
contact sites for class-1 factors on the C-terminal domain of a subunit. 
Several lines of chemical and physical evidence have supported direct 
protein-protein contact between RNA polymerase subunits and 
transcription factors . In certain cases, more than two factors 
simultaneous1y interact with a single molecule of the RNA polymerase. 

The molecular composition of " transcription apparatus" should 
therefore be different between genes, each being composed of RNA 
polymerase core enzyme, one of seven different a subunits, and one or 
two (or more than two for a limited number of promoters) of more than 
100 species of transcription factors . Global pattern of gene transcription 
is thus determined by the differentiation state of a fixed number of RNA 
polymerase core enzyme. 

Instituto Juan March (Madrid)
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Gcnctic And lnununological Dissection OfThe J3 Subunit OfThe 

Multimeric RNA Polymerasc 

Robert E. Glass, Talat Malik, Khalid Ahmad & Nihal Buyukuslu 
Division of Genetics, School of Clinical Laboratory Sciences, Queens Medica( Centre, 
Nottingham University, Clifton Boulevard, Nottingham NG7 2UH UK 

The complex, multimeric DNA-dependent RNA polymerases are highly conserved 
throughout nature, suggesting a common evolutionary origin. RNA polymerase 
of Escherichia coli is the most well characterised, comprising a holoenzyme with 
subunit stoichiometry of a.2J313'cr (Mr - 450,000), with which other non-essential 

components may be naturally associated. As a means of further elucidating the 
role of the extreme C-terminal region of the J3 subunit, we have carried out a 
mutational analysis involving random, PCR-mediated mutagenesis ofthis 3' region 
of E. coli rpoB, followed by the isolation and characterisation of trans-dominant­
negative mutations. A number of substitutions of conserved residues in this 
region were obtained that exhibited different degrees of growth inhibition in a host 
expressing the chromosomally-encoded wild-type form of the J3 subunit. These 
substitutions pinpoint an important, highly conserved motif in the J3 subunit. The 
properties ofthe purified holoenzymes carrying the most extreme trans dominant­
negative mutations in this motif and the mutant characteristics in vivo were similar 
to those of certain previously identified active site mutants, suggesting that the 
altered RNA polymerases were capable of promoter binding and RNA chain 
initiation but were deficient in the subsequent transcriptional stage. Starting with 
three of these primary lethal mutations, we have selected for intragenic 
suppressors, located within the same 3'-region, that prevent expression of the ' ' ., 
trans-dominant phenotype. The majority of the second-site substitutions pinpoi11:t ; ,. -
highly conserved residues and were allele-speci.fic. One particular missertse.; ·- - 1c-1 

substitution that acts on all three primary site mutations whilst not appre~i ; bl~ ~ ~ 1 ~), ~ ~ ~ 
affecting assembly proficiency has been investigated in greater detail. · The ·· ··' ' -~ .... - . .2 . • - -:T 

importance and functional co-operativity of the protein segments within th¿Q. -,.;.J_·;-'":-,· 
terminal region defined by the primary mutations is supported by the isolat\ori 1 _ ~( : ;~~ 
suppressors ofthree different primary mutations in the same three clusters. _ ';;n·. :.::;¡ 

' · ~· .j \ ~ 

This work was supported by grants from thc Medica( Research Council (UK) . 
Instituto Juan March (Madrid)
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Juan March Workshop - Bacteria! Tránscription Factors Involved in Global Regulation 

THE JNrERACilON OP E. COU SIGMA SUBUNITS WITH CORE RNA POL YMERASE 
Richard R Burgess, Terrance M. Anhur, Bradley C. PJetz, Lln Rao, Debra B. Jensen, and 
Scott McMahan . McArdle Laboratory for Cancer Rcscarch, 1400 University Avenue, 
University of Wlsconsin-Madlson, Madison WI 53706. burgess@oncology.wisc.edu 

Compctition between thc various sigma factors for binding to the E. co/1 R N A 
polymerase core enzymc plays an integral role in global gene regulation. Whcreas the 
first sigma factor was dlscovered 30 years ago (2), the pr~ise nature of the slgma-core 
imeraction is not yct understood and is · a majar rescarch focus of this laboratory. 
Evidence has been presented suggesting that multiple regions of the sigma subunit 
may be involved in binding site contacts with core, in particular, region 2.1 (3). Littlc 
ls known about the complementary sites ·on the core enzyme, allhough, deletion studies 
ha ve implicatcd a region of beta' in sigma binding ( 1). 

We have used chemical clcavage of thc beta and beta' subunits of E. coli RNA 
polymerase and far-western analysis as a primary too! to map a majar lnteraction 
.dornain on core RNA polymerase for sigma70. Beta and beta' over-cltpression vector& 
(T7-promotcr-based) containing N- or C-tcrminal hcxahistidine ugs were constructed. 
Washed inclusion bodies were cleaved with various chemical agents: hydroxylaminc, 
iodosobcnzoic acid, and Z-nitro-5-thiocyanobenzoic acid. A nested set of cleavage 
products was purified on a nickel column under denaturing conditions, scparated by 
SDS-PAGE to form an ordercd fragment Iadder (12), and probcd with 32-P-labcled 
sigma70 Using tbis method we have localized a strong blnding slte for slgma70 near 
the N-terminus o! beta' (19). We have confirmcd this result by utilizing in vitro e o­
immobilization assays and have narrowed the location to Jess than 100 amino aclds o! 
beta' (19). Wc are now in the process of defining the region o! thc sigma70 subunit 
that malc:es contacts with thls binding site (20). These methods will allow us to 
charscterizo the interaction domains o! other core/holoenzyme binding factor& . such 
118 allemate 11lgmas, slgm1-IU:e facUJrs, or tran~cription regulators. 

This •tragment ladder far-westem" method (12,19.20) representa a majar 
advance in mapping protein-protein interaction domalns that should preve very 
useful to many researchers studying multisubunit protcin complexes. 

We have also prepared monoclonal antibodies to all tbc E. coli sigmas añd all the 
core polymerase subunits. Using His-tag ladders of beta and beta', we have mappcd 
severa! MAb's (12) to beta and beta' by essentially the mcthod described above. We 
have used immunoaffinity chromatography with a MAb to beta', NT73 (4,5), to isolatc 
core and all forms of holoenzyme from cells grown under different growth conditions. 
We have probed changes in sigma70 conformation by changes in accossibilhy to a 
number of proteasca of free sigma, sigma bound to core or sigma In an open prometer 
complex. (18). 

Fin'álly, we have analyzed the function of sigma70 region 2.1 by site-dirccted 
mutagen ~; sis , . · Mutations in amino acid posiúons 383, 385. and 386 wcre charactcrized in 
vivo and .in vitre. Rcsults indicate that, while these mutations do not have a large 
effect on sigma binding to core polymcrase under the conditions tested, they result in 
severe ~~fe cts in productivo transcrlptlon (17). 
Rcfcronccs 
1) l..uo, -1 ~ · Sharif, K. Jln, R. Fujika, N. Ishlhama, A. and Krakow. J. Molecular anatomy of 

~e ~ 8 ta . p_rime subunit of the E. eoli RNA polymerasc: identification of rcgions 
mvolvéd tn polymcrasc assembly, Genes to Cells, 1: 819-827, 1996. · 

Selected and recent references to bactcáal RNA polymcrase (rom the Burgcss Lab 
2) Burgess, R.R., Travers, A.A., Dunn, 1.1., and Bautz. E.K.F. Factor Stimulating 

Transcription by RNA Polymerasc. Naturc, 2.2..1: 43-46, 1969. 
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3) Lesley, S.A .. and Burgess. R.R. Characterization of the Eschulchla col/ 
Transcription Factor Sigma-70: Localization of a Regían Involved in the 
Interaction with Core RNA Polymerase. Biochemisuy, 2..8..: 7728-7134, 1989. 

4) Hager, D .. Jin, D.J .. and Burgess. R.R. Uso of Mono Q High Resolution Ion Exchange 
Chrornatography to Obtain Highly Pure and Active E. co/1 RNA Po!ymerase. 
Biochemlstry. 2.2.: 7890-7894, 1990. 

5) Thompson, N.B., Hager, D.A., and Burgess, R.R. Isolation and Characterizalion of a 
Polyol-responsive Monoclonal Amibody Uscful for Ocntlc Purification of E. col/ 
RNA Polymcrasc. Biochemistry, ll: 7003-7008, 1992. 

6) Nguyen, L.H., Jensen, D.B., Thompson, N.E., Gentry, D.R., and Burgess, R.R. In Vitre 
Functional Characterization of Overproduced E. co/i katF/rpoS Gene Producr. 
Biochemistry, .3.2.: 11112-11117, 1993. 

7) Oentry, D.R. Hemandez, V.I., Nguyen, L.H., Icnsen, D.B., and Cashel, M. Synthesis of 
the statlonary-phase sigma factor, sigma-S. is positively regulated by ppOpp. J. 
Bacteria!. lli: 7982-7989, 1993. 

8) McMahan, S.A. and Burgess. R.R. Use of Aryl azide crosslinkers to investigare 
protein-protein intcractions: An optimization of importan! conditions as applied to 
E. co/1 RNA polymerase and localization of a sigma70-alpha cross!ink to the e­
terminal region of alpha. Biochcmistry, ll: 12092-12099, 1994. 

9) Nguycn, L. H. and Burgcss, R. . R. Overproduction and purification of sigma-S, the E. 

coli statlonary phase specific sigma transcription factor, Protein Expression Purif. 
8.: 17-22. 1996. 

10) Burgess, R.R. Purification of Overproduced E. coli RNA polymerase sigma factors by 
solubilizing inclusion bodies and refolding from Sarkosyl, Meth. in Enzymol. 21.1: 
145-149. 1996. 

11) Landini, P., Hajec, L., Nguyen, L.H., Burgess, R.R., and Volkert, M. Tbe leucine­
responslve regulatory protein (Lrp) acts as a specific repressor for sigmaS·de­
pendent transcription an the E. coli aidB gene. Malee. Microbio!. 2Q: 947-955, 1996. 

12) Rao, L., Iones, D. P., Nguyen, L. H., McMahan, S. A., and Burgcss, R.R. Epitope 
mapping using histidine-tagged protein fragment.~: application to E. coli RNA 

: polymerase sigma-70. Anal. Biochem. lli: 173-179, 1996. 
13) Nguyen, L. H. and Burgess, R. R. Comparative analysis of i.he interactions of E. col/ 

sigma-S and aigrna-70 RNA polymerase holoenzyme with the stationary-phase­
speciflc bo/Apl prometer. Biochemistry, l§,: 1748-1754, 1997. 

14) Brcyer, M.J .• Thompson, N.E.. and Burgess, R.R .. ldentification of the epitope for a 
highly cross-reactive monoclonal antibody on the majar sigma factor of bacteria) 
RNA polymerase. J. Bacteria! .. .11.2.: 1404-1408, 1997. 

15) Rock:abrand, D., Livc:n, K., Austin, T .. Kaiser, R., Ic:nsen, D., Burgcss, R. and .Blum, P. 
Role of DnaK and RpoS in starvation-induced thermotolerancc of E. coli. J. 
BaGteriol, .1.8.0.: 846-854, 1998. 

16) Jeosen, D. B. and Burgess, R. R. ·Changes ;¡n the leve!& of sigma factors bound to E . 
col/ eore DNA-dependent RNA polymerasc in cells grown undcr diffcrem 
conditions .as measured by quantitative direct fluorescenee westem blot analysis, in 
preparation. 

17) Rae, L. and Burgess, R.R. Mutational analysis of E. coli sigma70 region 2.1. in 
preparatlon. 

18) McMahan, S. A. and Burgess. R.R. Mapping protease susceptibility si tes on the E . 
coli transcription factor sigma70, in preparation. 

19) Arthur, T.M. and Burgcss. R.R. Localization of a sigma7Ú binding site on the N­
termlnus of the E. coll RNA polymerase beta prime subunit, in preparation. 

20) Pietz, B.C. and Burgess. R.R. Localization of a beta prime binding site on the E. coli 
RNA polymerase .. sigma70 subunit. in preparation. 
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Selectivity of RNA polymerases containing the cr70 and cr 5 factors 

A.Kolb, F.Colland, M. Barth and R. Hengge-Aronis 

The sigma subunit of ANA polymerase plays an essential role in 

prometer recognition. The stationary phase sigma factor of E.coli as i s 

homologous to a70 the majar sigma factor especially in the domains 

involved in the recognition of the -1 O and -35 regions of the prometer .Thus 

a number of promoters can be recognized in vitro by both as and cr70 RNA 

polymerase holoenzymes although with different affinities and kinetics. 

Sorne parameters like supercoiling or ionic strength are able to affect 

differently prometer recognition by the respective holoenzymes .The osmY 

prometer is repressed in vivo and in vitro by a number of repressors 1 i k e 
IHF, the cAMP-CRP complex, Lrp and also to a lesser extent by HNS. The 

location of the DNA binding sites of these repressors have been 
characterised : they are centred from positions -105 to the -1 O region o f 

the promoter. In every case, we find that RNA polymerase containing the 

sigmaS factor (EcrS) is more competent than Ecr70 in relieving repression by 

IHF, CRP, HNS and Lrp.These data suggest a novel role for IHF, CRP, HNS and 
Lrp as modulators of sigma selectivity. 
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Anti-Sigma Factor for the Major Sigma Subunit of Escherichia 

coli RNA Polymerase 

Miki JISHAGE and Akira lSHIHAMA 

Department of Molecular Genetics, National Institute of Genetics, 

Mishima, Shizuoka 411 , Japan 

Switching of the transcription pattern in Escherichia coli during the 

growth transition from exponential to stationary phase is accompanied by 

the replacement of the RNA polymerase-associated a 70 subunit (a0
) with 

<f8 (as). Sorne of the a 70 subunit in stationary-phase cell extracts was 

found to exist as a complex with a novel protein, designated Rsd 

(Regulator of Sigma D). The intracellular level of Rsd starts to increasc 

during the transition from growing to stationary phase. The rsd gene was 

identified at 90 min on the E. coli chromosome. Over-expressed and 

purified Rsd protein formed complexes in \'Ílro with a 70 but not with 

other a subunits, d', a 5
, aH, (JF and a E. Analysis of proteolyti c 

fragments of a 70 indicated that Rsd binds at or downstream of region 4 , 

the promoter -35 recognition domain. The isolated Rsd inh'ibited 

transcription in vitro to various extents depending on the promoters . ü ~~ d. 

We propose that Rsd is an anti-a70 factor and plays a role in ·. st;ring 

unused d 0 in an inactive form in stationary-phase cells for reutiiiz4tion 

upon release from stationary phase. 
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IHF in sigma-54 promoters: DNA bending and more 

Bertoni, G., Carmona, M., Pérez-Martín, f. and de Lorenzo. V. • 
Centro Nacional de Biotecnología-CSIC, Campus de Cantoblanco, Madrid 28049 

Prokaryotic promoters dependent on the alternative sigma factor cr54 are one of 
the very few examples of transcriptional control at a distance in bacteria. Also, unlike 
most positively regulated promoters, the cognate activators (generically known as 
members of the NtrC family), act on the cr54 polymerase bound to a downstream 
-12/-24 sequence motif, i.e., actívate ata post-recruitment step. The cr54 -dependent Pu 
promoter of Pseudomonas pulida is activated by the XyR protein by virtue of a 
mechanism that requires the contacts between the regulator of the system (the Xy!R 
protein) oligomerized at the upstream activatin~ sequences (UAS) and the cr54 
-RNAP bound downstream [1] . Such an interachon between proteins attached to 
distant sites (> 120 bp) implies the looping out of the intervening DNA sequence. 
This makes the region between the UAS and the cr54_RNAP a target for additional 
co-regulation devices which allow transcription only when the geometry of the 
entire region adopts a particular configuration [2]. 

The intervening DNA sequence between the UAS and the -12/-24 sequence in Pu 
is intrinsically curved and contains a functional site for the Integration Host Factor 
(IHF protein). This site can be functionally replaced by intrinsically bent DNA. lHF 
function can also be substituted to sorne extent by the HU protein in vitro and i 11 

vivo and by mammalian HMG1 in vitro [3] . These data indicate the outstanding role 
of IHF as an architectural element in cr54 promoters. 

When the Pu promoter is assayed in vivo in an IHF-minus strain of 
Pseudomonas, its activity is abolished completely [4], in sharp contrast with the 
behaviour of the same promoter in E. coli. Th.is effect can be traced to the role of lHF 
in recruiting the cr54 -RNAP to the -12/-24 motif, so that in the absence of the factor, 
the lack of binding of the polymerase to the promoter hinders any other subsequent 
activation of the system by XylR. We have studied the rnechanism of such 
recruitment, which is futty independent of XylR and, involves, instead, the binding 
of the o:CTD of the RNAP to DNA placed upstream but adjacent to (or overlapping) 
the IHF site. This mechanism is confirmed by results obtained with in vitro 
transcription experiments with XylR on DNA templa tes bearing the -12/-24 
sequences and the IHF binding site but lacking the UAS. By varying the occupancy of 
-12/-24 by cr54.RNAP it is possible to either inhibit transcnption by Xy1R from 
solution by adding IHF (through the structural effect called restriction LS]) or to 
actívate the promoter with the same factor or HU. These data substantiate the 
co-activator function of IHF in (at least sorne) cr54 promoters, which rnay occlude its 
architectural role in the cases when the cr54_RNAP does not have much affinity for its 
tar¡ge_t sequences. These observations add an unexpected leve! of complexity to the 
regulation of cr54 promoters, since it was genera1ly believed that cr54.RNAP was 
permanently bound to -12/-24 forming an stable closed complex. 
) ~! ! ·. , . 
(1] Pérez-Martín, J. and de Lorenzo, V. 1996. A TP binding lo the o54-dependent activator Xy!R triggers a 
.,f, 1vrotein multimerization cycle catalysed by UAS DNA. Cell 86, 331-339 

(2 'Pérez-Martín, J. and de Lorenzo, V. 1997. Clues and consequences of DNA bending in transcription. 
. Ann. Rev. Microbio/ . 51 : 593-{;28 

-[:~] ~, P~rez-Martín, J. and V. de Lorenzo. 1997. Co-activation in vil ro of the o54 dependen! promoter Pu of 
the TOL plasmid of Pseudomonas pulida by the prokaryotic histone HU and the mammalian 
HMG-1 protein. f. Baclerio/. 179: 2757-2760 

[4] Calb, R. et al. 1996. Structure and function of the Pseudomonas pulida integration host factor. f. 
Bacteriology 178: 6319-{;326 

[S] Pérez-Martin, J. and V. de Lorenzo. 1995. lntegration Host Factor (IHF) supresses promiscuous 
activation of the o54-dependent promoter Pu of Pseudomonas pulida. Proc. Natl . Acad. Sci. USA 
92: 7277-7281 
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Construction of a Bacteria l Promoter Region with an Enhancer 

Bearing a Multiple Response Element 

J. A. Molina-López andE. Santero. Departamento de Genética. Facultad de 
Biología. Universidad de Sevilla. Ap. 1095- 41080-Sevilla. Spain 

Unlike the major form of RNA polymerase holoenzyme containing cr70, the alternate form of 
holoenzyme containing crN (cr54) allows transcriptional activation ata distance. Activators of 
crN-dependent systems bind to si tes located more than 100 pb upstream of the transcription start 

site and contac~ RNA polymerase bound to the promoter via formation of a DNA loop of the 
intervening DNA. At sorne promoters which have a strong binding site for RNA polymerase 
such as the glnAp2, binding sites for the activator may be moved away and still are functional, 
thus showing characteristics of eukaryotic enhancers. This feature could potencially allow that 
many different activators regulate transcription from the same promoter, thus significantly 
increasing versatility and complexity of the regulation. 

We have synthesized a DNA fragment, which we call multiple response element, bearing 
binding sites for 5 differenl crN-dependenl activators, and cloned it in differenl positions relative 

to the RNA polymerase binding site found in the glnAp2 promoter. Based on comparison of 
transcriptional activation by each of the 5 activators, the following conclusions will be 

discussed: 

i) From a mechanistic point of view, sorne promoter regulatory regions may allow regulation of 
a bacterial transcriptional machinery to be very versatile and potentially complex. 

ii) Capacity of activation in the absence of binding sites is different among activators. 

iii) Transcriptional activation is relatively insensitive lo the position of the activator binding 
si tes. 

iv) Active transcription of the intervening DNA between RNA polymerase and activator binding 
sites does not limit efficiency of activation. 

v) Transcriptional activation from binding sites located within the transcriptional unit is not 
efficient because binding of the activator may interfere with subsequent steps of transcription. 

vi) Sorne forms of activator may be very sensitive to changes in the position of the activator 
binding sites. Deficiency in oligomer formation may explain this sensitivity. 

vii) Neither the activator nor the position fro m which it activates appears to affect selection of 
the transcription start si te. 
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Regulation of recombination and transcription by the Fis protein 

Reíd C. Johnson, Stacy K. Merickel, Sarah Mcleod, Leah Corselli, and Hanna S. Yuan* 

Department of Biological Chemistry, UCLA. School of Medicine, Los Angeles, CA USA 90095-
1737 
*lnstitute of Molecular Biology, Academia Sínica, Taipei, Taiwan. 

The E. coli Fis protein is a general nucleoid associated protein that regulates a variety of 
DNA transactions. Fis cellular levels vary greatly under different growth conditions. Fis levels 
are very low in stationary phase but increase enormously upon a nutrient upshift to a maximum 
of about 40,000 dimers/cell. In early-mid exponential growth in rich media batch cultures, Fis is 
one of the most abundan! DNA binding proteins in !he cell . Under steady state growth 
conditions, Fis levels vary with respect to the growth rate. The talk will focus on the contrasting 
mechanisms by which Fis activates site-specific DNA inversion and transcription. 

Fis controls the frequency and directionality of Hin-catalyzed site-specific recombination 
by binding to two precisely spaced sites in a recombinational enhancer segment. The two Hin­
bound recombination sites are captured by the enhancer at the base of a DNA branch to form 
an invertasome structure. Fis coordinately activates the catalytic activity of the four Hin 
subunits using a mobile ¡3-hairpin motif that protrudes over 20 A from the core. Three amino 
acids near the tip of only one of the two p-arms within each Fis dimer are of primary importance 
and probably contact the Hin recombinase at its dimer interface to induce a quatemary change 
in the recombinase structure. 

Fis together with aS are required for transcription of the proP P2 prometer and the 
combined growth phase expression pattems of these two proteins result in a transient period of 
transcription of the proline and glycine betaine transporter in late exponential phase. Fis 
activates the crS-dependent proP P2 prometer when bound to a site located at -41 using a 
region located clase to the DNA binding domain but removed from the ¡3-arms. This is the 
same region that contacts the a-ctd to actívate rmB P1 transcription (R. Gourse and co­
workers) and is also identical to the region that mediales cooperative binding with Xis to 
stimulate phage A. excision. A crystal structure of an activation-defective mutan! within this 
region suggests the importance of a deft within Fis where intimate contacts with various other 
proteins occurs. CRP also activates proP P2 when bound to a site located at -121 . CRP 
activation requires Fis but does not require the Fis transcriptional activation region. 

References: 

Ball, C.A., Osuna, R., Ferguson, K.C., and Johnson, R.C. (1992) Dramatic changes in Fis 
levels upon nutrient upshift in Escherichia co/i. J. Bacteria/., 174: 8043-8056. 
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H-NS, chromatin structure and gene expression 

C.F. Higgins, MRC Clínica! Sciences Centre, Imperial College School of 
Medicine, Hammersmith Hospital, Du Cane Rd., London Wl2 ONN. 

H-NS is one of the most abundant nucleoid-associated proteins. 

hns mutations confer a variety of phenotypes, influencing recombination, 

DNA rearrangements, and the expression of a varied subset of genes. Many 

properties of H-NS distinguish its mode of action from that of classical 

transcription factors, particularly its lack of DNA binding specificity, its 

physical properties, and the effects ofH-NS on DNA topology. The role of 

H-NS in maintaining chromatin structure, and possible mechanisms by 

which H-NS might influence gene expression will be discussed. 
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Abscract for JuanMorch Symposium: Dactr:rial Tran.rcription Facrors involved in Global R~g¡¡larion 

CRP and FNR: master craftsmen, but also oddjobmen 

Steve Busby 

School ofBiochemístry, The Unillf!r.rity ofBif771ingham, Bímringham B/5 2IT, UX 

CRP and FNR are tv.'O related bacteria! global tr.lnscríption regulatory praténs. The aaivity of CRP is 
oiggcred by incrcases in iotracdlular cyclic AMP levels, whilst the activity ofFNR is triggcred by 
anaerobiosis. Thc CRP rcgoloo includes ovcr 100 genes whose prornoters are controlled by CRP: the 
majority ofthcsc ~ct prclillO(O"S an: ilCtivatcd by CRP i!lld coutrOI gCIJC5 in>'Olvcd in catabolic 
proc:csses. Thc FNR regulan indudcs ncarly 50 genes "'-hose promot~ :u-e controllcd by FNR: thc 
rnajority ofthcsc targt:l promarcr.; are acóvaral by FNR and a:mtrol genes iuvolval. in adaptatioo to the 
absence of o>.:ygen in the emironment. 

Thc organisarioo ofCRP- and FNR~dcnt promoters will be bricfly rcvicwal. Although therc is 
grcar divc~ity in thc way the CRP- aod FNR-dcpcndart promotas are o'&3DÍsed, in most cases, CRP 
or FNR .u:tivate tr.mscriptioo by rnaking diiect caotact with RNA polymaase. In ordc:rto activa~ 
transcriptioo at promotcrs of diffcrent ardütccturcs, CRP and FNR use: diffi:rart activating rc:giODS to 
intcract with RNA polymcrasc at differmt promot.crs. Thcse 3divaring regioos are small surfilc:e­
cxposcd patches thar can ioterac:t wirh differc:nt targcts in RNA polymernse. Prcsumably, tl=e 
diffm:ot activating n:gions bavc cvolvc:x3 to allov.' CRP and FNR to function ata dlversc r.wgc of 
promoters: this is likly to be a pm-o:¡uisitc:: fur a suax:ssful global ~r. 

Analher pr=x¡uisñc for a global regu11ltar is that it should be ablc to fimction sync:-¡gjcally with othcr 
transcription fuctors. Studics of thc:: organisatioo of m;my promorers that are ~ on CRP or 
FNR, and :mothcr Dl!llSC:ription activator suggest that, in most of these cases, co-<lcpcndcncc oo two 
tr.lllscription actÍv.ltors is duc to tbe ncc:essity fur bath activators to makc indcpcudctrt cootacts with 
RNA polymcrasc. It can be azgued that this mcchanism for co-dcpcndcncc gi~ thc ccU the maximum 
tlcxibility to "mix aod match" differeui tr.mSCriptioo fitctors . Study cfthc: E coli ntr prometer, which 
is co-«pendcnt oo fNR and the nitrito'nitr:ll-u:iggcn:xl activaror.;, Narl' and Jl{arL, have re-vcaled ao 
altt:rnative mccbanisal by which a bactcrial promata can be co-dcpcndcot on two adivators. 
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Subsaturation: A general regulatory mechanism for translation and transcription? 
Steen Pedersen, lnstitute of Molecular Biology, University of Copenhagen, Denmarl<. 

Severa! years ago Kaj Frank Jensen from our institute and 1 presented a model for how 
global regulation might be achieved in Escherichia co/i. (Jensen & Pedersen, 1990). The 
model was formulated broadly to encompass the synthesis of all macromolecules, and, in 
contrast to previous models for global regulation, e.g. by Maaloe, it had a number of 
predictions which could be tested experimentally. 

The model had the premise that the processes involved in macromolecular synthesis 
were unsaturated with their various substrates thereby creating a competition in the cell 
which enable the cell to regulate its activities. Also, if the polymerisation rates of the chain 
elongation reactions were variable this could at least in part determine the concentration of 
initiation competent DNA and RNA polymerases, ribosomes etc and thereby affect 
regulation (Jensen & Pedersen, 1990). 

We have in the following years tested sorne of the predictions from the model : 
In a strain deleted for the cmk gene, encoding cytidine monophosphate kinase, the 

cellular concentration of CDP is reduced. Because the reduction to deoxyribonucleosides 
takes place at the diphosphate level this lead to reduced pools of both dCTP and dTIP. 
The rate of replication forl< movement in this strain was reduced to approximately 50% and 
this rate beca me normal immediately after induction of cmk expression (Fricke et al., 

1995). Thus the rate of DNA replication is limited by the concentration of its pyrimidine 
substrates. 

For the transcription process, 1 expect from Thomas Nystréim's title that he will tell yo u 
that the various sigma factors compete for a limited concentration of RNA polymerase. 
Therefore, the promoters seem to be unsaturated with RNA polymerase, at least under 
sorne conditions. 

The RNA chain elongation rate varies by approximately 40% at different growth rates 
(Vogel & Jensen, 1994b) and is specifically influenced by the concentration of the 
nucleotide ppGpp (Vogel et al., 1992; Sorensen et al., 1994). In addition to the effect of 
ppGpp, the reduction in the RNA chain elongation rate is almost certainly brought about by 
limiting concentrations of the sorne of the nudeoside triphosphates because the pyrE 

gene is regulated by an attenuation mechanism (Poulsen & Jensen, 1987). However, a 
large fraction of the transcription in the cell, that of the stable RNA species, takes place 
with a much faster rate than mRNA transcription and this rate is independent of the growth 
rate (Vogel & Jensen, 1994a; Vogel & Jensen, 1995). 

When the concentration of initiation competent ribosomes was reduced by inducing 
large amounts of lacZ mRNA, an immediate reduction of the expression of most proteins 
was found. Toa large extent, the reduction correlated with the calculated affinity between 
the mRNA and 3' end of 16S rRNA (Vind et al., 1993). This indicated, that all except the 
very strongest ribosome binding sites are subsaturated with ribosomes in vivo. 

Also, the peptide polymerisation rate varies with the cellular growth rate (Pedersen, 
1984). This has todo with the use of the specific codons in the mRNA, whereas mRNA 
structure seem not to be a rate barrier for the ribosome (Sorensen et al., 1989). Al so, 
mutants detective in modification of tRNA translate slower (Diaz et al. , 1987) (Kr)iger et al., 
submitted for publication]. Therefore, most likely the concentration of the cognate charged 
tRNAs determines the peptide elongation rate. That this must be the case can of course 
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also be deduced from the existence of the attenuator regulation of severa! amino acid 
biosynthesis operons. These would only work if the a mino acid concentration influenced 
the peptide elongation rate. 

We determined the codon specific translation rate for tour codons (Sorensen & 
Pedersen, 1991). Two of these, the two glutamic acid codons GAA and GAG, are read by 
the same tRNA but with a four-fold difference in rate. We envisage this result to be caused 
by a different affinity between the codon and the anticodon. Beca use the slower of the two 
codons predominantly are found in the 5' end of mRNAs (Bulmer, 1988) this enabeles the 
cell to have a substrate dependent regulation of the initiation frequency and at the same 
time a maximal utilisation of the expensive translational machinery on other parts of the 
mRNA 

The global regulation model (Jensen & Pedersen, 1990) therefore seems qualitatively 
to describe many aspects of the replication, transcription and translation in the living cell. 
The important question is of course if the model also in quantitative terms provides an 
adequate description of the cell. 
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Vogel, U., Sorensen, M. A, Pedersen, S., Jensen, K. F. & Kilstrup, M. (1992). Mol. 

Microbio!. 6, 2191 -2200. 
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Activation and Repression of Transcription at the Double Tandem 
Divergent Promoters for xylR and xylS Genes of the TOL Plasmid 

of Pseudomonas putida 

Silvia Marqués, María-Trinidad Gallegos, Maximino Manzanera and 
Juan L. Ramos 

Consejo Superior 
Experimental del 
Granada, Spain 

de Investigaciones Científicas, 
Zaidín, Department of Biochemistry, 

Estación 
E-18008 

The xylR and xylS genes are divergent and control transcription 
of the TOL plasmid catabolic pathways for toluene metabolism. 
Four promoters are found in the 300 bp intergenic region: Pr1 and 
Pr2 are consti tu ti ve a 70-dependent tandem promoters that dri ve 
expression of xylR, while the expression of the xylS gene is 
dri ven from Ps2, a consti tu ti ve a 70-dependent prometer, and by 
the regulatable as• class Ps1 prometer. In Ps1 the XylR targets 
(UASs) overlap the Pr promoters, and two sites for IHF binding 
are located at the -2/-30 regían and the -137/ -156 regían, the 
latter overlapping the Pr promoters. When the XylR protein binds 
to the UASs in the absence of effector, it represses expression 
from Pr promoters. In the XylR-plus background and in the absence 
of an effector the level of expression from Ps1 is low, although 
detectable, whereas Ps2 is active. In this background and in the 
presence of an effector, XylR increases autorepression. In a as•_ 
deficient Pseudomonas putida background, no expression occurred 
from Ps1 regardless of the presence of an effector. However, in 
the presence of an effector the amount of RNA produced from Pr 
promoters was almost undetectable. This suggests that when no 
transcription occurred at the Ps1 prometer, clearance of XylR 
frorn the UASs was almost negligible. In this background, 
expression from Ps2 was very high regardless of the presence of 
an effector; this suggests that RNA-polyrnerase;as• modula tes 
expression from the downstream Ps2 a'0 -dependent prometer. In a 
P. putida IHF-minus background and in the presence of effector, 
Ps1 expression was the highest found; in contrast, the basal 
levels of this prometer were the lowest observed. This suggests 
that IHF acts in vivo as a repressor of the as•-dependent Ps1 
prometer. In an IHF-deficient host background, expression frorn 
Ps2 in the presence of effector was negligible. Thus binding of 
RNA-polyrnerase;as• at the upstream prometer may rnodulate 
expression from the Ps2 prometer. 
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Dissecting the Three-Protein Brain of E. coli 
John S. Parkinson 

Biology Department 
University ofUtah 

Salt Lake City, UT 84112 USA 

E. coli and other motile bacteria are attracted or repelled by many chemicals in their 
environment. Although the readout ofthe chemotaxis sensory system is locomotion rather than 
transcriptional control, this signaling pathway is an excellent model for exploring general 
mechanisms of stimulus detection and signa! processing at the molecular leve!. E. coli cells 
detect attractant and repellent gradients as they swim about by comparing current chemoeffector 
levels with those averaged over the past few seconds. Concentration differences of less than 1% 
can elicit net movements in favorable directions by triggering changes in the rotational behavior 
ofthe flagellar motors. The cells' are sensitive to such small stimuli over a nanomolar to 
millimolar concentration range, a feat that is still only poorly understood. 

Most chemoeffectors are sensed by "methyl-accepting chemotaxis proteins" (MCPs), 
which are transmembrane molecules with a periplasmic ligand-binding domain and a 
cytoplasmic signaling domain (see figure below). My group works with Tsr, the serine 
chemoreceptor, which, like other MCPs, communicates with the flagellar motors through a 
phosphorelay of cytoplasmic signaling proteins. The phosphorylated forro of Che Y, the response 
effector, interacts with switch proteins at the base ofthe flagellar motors to initiate clockwise 
(CW) rotational episodes. Che Y obtains its phosphoryl groups from CheA, a histidine 
autokinase. CheA is stably associated with MCP signaling domains through a coupling protein, 
CheW. In this temary signaling complex, CheA's autophosphorylation activity is modulated 
allosterically by changes in receptor 
ligand occupancy. 

Receptor molecules have two 
signaling states, a CW mode that 
stimulates CheA autophosphorylation 
-200-fold, and a CCW mode that 
suppresses CheA activity. The cell's 
swimming behavior reflects the 
proportions of signaling complexes in 
the CCW and CW states. These 
proportions shift upon changes in 
ligand occupancy, triggering increases 
or decreases in phospho-Che Y leve! 
and resultant flagellar responses. 

Covalent modification ofthe receptor signaling domain (reversible carboxymethyl~Ú~ n a ~ 
specific glutamic acid residues) also shifts the CCW/CW equilibrium and represents the ceU:s . .. 
memory store. In isotropic environments, the receptor's methylation state is directly , , , ,, , •;, · 
proportional to its current extent of ligand occupancy. In effect, the receptor signaling , , ... 1) , 
complexes function as comparators that alter CheA activity whenever ligand occupancy and ~ 
methylation state are out ofbalance. Two opposing enzymes control MCP methylation state, . , .. 
CheR, a methyltransferase, and CheB, a methylesterase. CheR activity is unregulated, whereas 
CheB activity is feedback regulated upon phosphorylation by receptor signaling complexes. 
Thus, changes in ligand occupancy modulate CheA activity to alter the phosphorylation states of 
Che Y and CheB, triggering a fast motor response anda slower sensory adaptation, respectively. 
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My lab is analyzing structure-function relationships in Tsr, CheW, and CheA to 
investigate the mechanism of CheA control in receptor signaling complexes. Much of our recent 
work has focused on characterizing and exploiting soluble fragments ofthe Tsr signaling domain 
that produce CW or CCW signals in vivo and in vitro. Our principal findings are as follows: 

• CW-signaling Tsr fragments bind CheW with a 2 ~M affinity and stimulate CheA 
autophosphorylation rate about 200-fold in vitro. Stimulation requires the CheW coupling factor 
and is maximal at equimolar ratios ofCheW and CheA. Tsr fragments stimulate CheA in highly 
coopera ti ve fashion, with a Hill coefficient o ver 5 and optimal stoichiometries of more than 8: 1 : 1 
(Tsr:Che W :CheA). Assembly of functional stimulatory complexes is slow, requiring at least an 
hour at room temperature. These properties suggest that CheA stimulation occurs in higher order 
receptor complexes, which could account for in vivo observations of receptor clustering. 

• CW-signaling Tsr fragments can be converted to CCW-signaling ones by introducing any of 
severa! single amino acid replacements that in vivo lock full-length receptors in a CCW-signaling 
mode. CCW-signaling fragments bind CheW with 2 ~M affmity and inhibit or "squelch" CheA 
autophosphorylation activity -5-fold in vitro. Tsr-CCW squelching of CheA is non-cooperative, 
rapid, reversible, and CheW-independent, implying that Tsr-CCW fragments inhibit CheA 
through direct contacts. This interaction is evidently weak, because attempts to demonstrate 
direct binding between Tsr-CCW and CheA have thus far been unsuccessful. 

• The probable regions of contact between Tsr, CheW, and CheA molecules are summarized in 
the figure on the right. The smallest active Tsr 
signaling fragments are -120 residues in length 
and encompass a highly-conserved segment 
(indicated by dar k shading in the figure) that most 
likely contains the critica! contact sites for CheA 
and CheW. Most mutational changes that affect 
the ability ofTsr fragments to bind CheW orto 
squelch CheA fall within this segment ofthe Tsr 
signaling domain. In CheA, the C-terminal M/C 
region is essential for stimulatory receptor control, 
but not for squelching control. The M/C region of 
CheA is also essential for binding to Che W 
(affinity -25 ~M) . which presumably accounts for 
its role in stimulatory receptor coupling. The Tsr-

o7 al al 

Tsr(:l-47-470) ~ 

CheA contacts involved in squelching must lie outside the M/C segment, most likely in the 
catalytic and/or substrate domains ofCheA (designated PI and T in the figure). Mutations that 
specifically abolish the ability ofTsr-CCW to squelch CheA also abrogate the ability ofTsr-CW 
to stimulate CheA, suggesting that Tsr-CheA contacts involved in squelching control are also 
important in stimulatory control. 

• Structural studies indicate that the segment ofthe Tsr signaling domain shown above may have 
a ffelié.aFhairpin configuration. This suggests a simple model for allosteric control of CheA in 
which the CheA substrate and catalytic domains are bound to opposing arms ofthe hairpin. In 
this way receptor shifts between the CW and CCW signaling conformations could regulate CheA 
activity_ simply by manipulating the access of the substrate histidine to the catalytic center. Sorne 
ramifications ofthis model will be discussed at the meeting, including the idea that receptor 
signaling·complexes are functionally networked to achieve very high detection sensitivity. 

~ ·: ) , -~· t 1 

-~ .. 
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Synergistic activation of the ma/Ep promoter by MaiT and CRP: two roles for 
CRP. 

Evelyne RICHET, Unité de Génétique Moléculaire, Institut Pasteur, 25 rue du Dr. Roux, 
75724 Paris Cedex 15, France. 

Activation of the ma/Ep promoter from E. coli depends on the synergistic action of 
MalT, the activator of the mal tose regulon, and CRP, a global regulator. Previous studies have 
shown that ma/Ep activation depends on the formation of a higher-order structure involving 
cooperative binding of MalT onto sites 1, 2 and sites 3', 4', 5', and bending of the intervening 
DNA by CRP bound to the three CRP binding si tes . 

ma!Ep 
1 2 3 4 5 

ma/Kp 

~~-co----cD--CD--~~· ........ 
3' 4' S' 

m -- 1 (j and --3s· sequeoces 

.. MafT binding sile 

CJ CRP bind;ng ,;,e 

Analysis of the mechanism whereby this higher-order structure niggers initiation of 
transcription at ma/Ep has shown that MalT is the primary activator, that it acts from the MalT 
sites 1 and 2 and that one function of the nucleoprotein structure is to stabilize MalT onto these 
sites. Recent in vivo and in virro studies have also revealed that besides its architectural role in 
the assembly of the nucleoprotein complex, the molecule of CRP bound to the CRP site 1 
(centered at - 76.5) p1ays a specific role in the activation process by directly contacting either 
MalT or the RNA polymerase. In particular, we have identified at the surface of CRP arnino­
acids whose side chains are importan! for ma/Ep activation. These arnino acids are 1ocated in the 
AR1 region, a surface element of CRP known to contact the C-terminal domain of the a subunit 
of the RNA polymerase at class I CRP-dependent promoters. 
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H-NS and StpA proteins stimulate expression of the mal tose 

regulon in Escherichia coli. 

Jorgen Johansson and Bernt Eric Uhlin 

Department ofMicrobiology 

Umeá University 

S-90187 Umeá, Sweden 

The nucleoid-associated protein H-NS is a major component of the chromosome­

protein complex, and it is known to influence the regulation of different genes in 

Escherichia co/i. lts role in gene regulation is manifested by the increased expression 

of severa! gene products in hns mutant strains. We have found that H-NS, and the 

largely homologous protein StpA, play a positive role in the expression of genes in the 

maltose regulan (1). In studies with Jms mutant strains and derivatives deficient also in 

the stpA gene, we found that expression ofthe LamB porin was decreased. Our results 

showed that both the amount ofLamB protein and lamB mRNA were greatly reduced 

in hns and hns, stpA mutant strains. The same result was obtained when we monitored 

the amount oftranscription from the ma!EFG operon. The lamE gene is situated in the 

ma!KlamBmafM operon, which forms a divergent operen complex together with the 

ma!EFG operon. The activation of these genes depends on the action of the mal tose 

regulan activator Ma!T and the global activator CRP. Our results suggest that the H­

NS and StpA proteins directly stimulate the expression, and hence have a positive role 

in the control, ofthe maltose-regulon. 

1) Johansson, J., Dagberg, B , Richet, E, and Uhlin, B.E. 1998. H-NS and StpA 

proteins stimulate expression of the maltose-regulon in Escherichia coli. Manuscript 

subrnittcd for publication. 
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Population Dynamics During Stationary Phase 
Erik Zinser and Roberto Kolter 
Department of Microbiology and Molecular Genetics 
Harvard Medica! School 
Boston, MA 02115 

Non-sporulating bacteria such as Escherichia coli must continue to metabolize to survive 
extended periods of starvation. Populations of E. co/i grown in rich media lose 90-99% of viable 
cells dming the fi rst few days of starvation, but the surviving 1-10% population experiences only 
minor net death thereafter. Zambrano et al. (1993) demonstrated that this surviving population of 
E. coli cells undergoes dramatic shift-; in population composition, indicating that intense selection 
occurs when nutrient<; become scarce. That the survivors were selected because they had beneficia! 
mutations was verified by identifying in one survivor a mutation that, when transferred to the wild­
type parent by PI transduction, conferred the same Growth Advantage in Stationary Phase 
(GASP) phenotype that the survivor had. This mutation was identified as an allele of rpoS 
(rpoS819), whose product, crS819, is very unstable and thus leads to a general attenuation of 
expression of the as regulon in st.ationary phase. Analysis of many starved cultures of E. coli 
demonstrates that there is a very strong selection for mutations in rpoS : virtually al! survivors of 
nvo-week-long incubations have an attenuaied rpoS allele. Interestingly, the nature of the 
mutations in rpoS mutations is quite variable. Laboratory strains (Jishage and Ishihama, 1997) , 
as well as natural isolates of E. coli from the soil and human intestine (Gupta, 1997) , likewise 
show dramatic allelic variation of rpoS, suggesting that strong selection pressures are exerted u pon 
the rpoS global regulator both in the laboratory and in the natural setting. 

Multiple rounds of population takeover occur during prolonged starvation. Aged mutants of 
the rpoS819 strain can out.compete the rpoS819 parent strain. This "second round" GASP 
phenotype is referred toas GASPrr, to differentiate from the "first round" GASP phenotype of 
rpoS819, denoted as GASPr. One GASPrr strain has been analyzed in detail. This strain has at 
least three GASP-conferring mutations in addition to the one in rpoS. A1l three GASPrr alleles 
confer a partial GASP phenotype relative to the triple mutant. One mutation is in the gene lrp, 
encoding the global regulator Lrp. The majority of Lrp-controlled genes are in volved in amino acid 
metabolism. That both of the GASP mutations identified thus far are in global transcription 
regulators suggests that there is intense pressure for starved cells to make multiple changes in ceU 
composition and metabolism, resulting in global shifts in the metabolic and physiologic state of the 
cell. We are working to identify the other two GASPrr mutations. 

We ha ve begun to address the physiological basis for GASP. A1l three GASPrr mut.ations 
and the GASPr mutation, rpoS819, confer enhanced growth on amino acids as sole carbon and 
energy sources. Hence, we propase these mutations are selected for because they enhance the 
ability of the starved cells to take up and metabolize the amino acids released by the dying cells. 
Consistent with this model, we have observed by bioassay that dying cells release serine, and 
GASP mutants consume itas they grow and take o ver the population. 

Gupta, S. (1977). Microbial Survival: Mutalions that Confer a Compelitive Advantage During Starvation. M.Sc. 
Thesis. Harvard University. 

Jishage, M. and lshihama, A. (1997) . Varialion in RNA polymerase sigma subunit composition wilhin diffen:nt 
stocks of Escherichia coli W3 l 10. J. Bacteriol. 179, 959-963. 

Zambrano, M.M., Siegele, D . A~ Almirón, M., Tormo, A. and Kolter, R. (1993). Microbial compelition: 
Escherichia coli mutants thattake over stalionary phase cultures Scicnce 259,1757-1760. 
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Lessons from rRNA Promoters about Bacteria! Transcription and its Regulation 
Tamas Gaal, Wilma Ross, Sarah E. Aiyar, J. Alex Appleman, Melanie M. Barker, Christine 
Hirvonen, and Richard L. Gourse. Department ofBacteriology, Unversity ofWisconsin, 1550 
Linden Orive, Madison, WI 53706, USA 

Ribosomal RNA synthesis is extreme! y efficient, accounting for 60-70% of all transcription 
when E. coli cells are growing rapidly, yet rRNA transcription is carefully regulated to keep 
ribosome synthesis at the appropriate leve! for the growth rate. Our studies on the mechanisms 
responsible for the high activity and the regulation ofrRNA transcription have provided 
information important not only to an understanding of ribo sorne synthesis but al so to 
understanding bacteria! transcription in general. 1 

We showed a few years ago that rRNA promoters contain a third RNAP recognition element, 
the UP element, that interacts not with the sigma subunit ofRNAP like the -10 and -35 
hexamers (the other two RNAP recognition elements), but with the C-terminal domain ofthe 
alpha subunit (aCTO). We have shown more recently that UP elements are widespread in 
bacteria! promoters; although the UP elements present in rm P 1 promoters are more active 
than most, many or even most promoters derive sorne contribution to their overall activities 
from interactions between upstream sequences and the aCTD. The residues in a responsible 
for interacting with DNA form a surface-exposed patch on the aCTD that is conserved 
throughout eubacteria. Therefore, the sequences on DNA to which a binds should also be 
conserved. We have recently deterrnined the "consensus" UP element sequence using an in 
vitro selection from a pool ofabout 1012 promoters with random upstream sequences. The 
best UP elements increase transcription about 325-fold, far better than even the UP elements 
found in rRNA promoters. 2•

5 

We have also characterized the interaction between RNAP and a transcription factor, FIS, 
responsible for activation ofrRNA transcription. Together, FIS and UP elements account for 
the unusual strength of rrn P 1 promoters. Studies on the role of a interactions with activators 
like FIS and CRP suggest a common architecture in bacteria! transcription complexes: 
protein-protein interactions between surface exposed residues on transcription factors and 
aCTD adjacent to their respective DNA binding surfaces lead to transcription activation.6 

However, many ofthe regulatory properties ofrRNA transcription (growth rate-dependent 
regulation and stringent control) are explained not by these features of rrn PI promoters, but 
at least in part by the intrinsic instability ofthe complexes that rrn PI promoters form with 
RNAP. The intrinsic instability ofthe initiation complex leads to the dependence ofrm PI 
promoters on the concentration ofthe initiating NTP for activity. NTP pools vary with growth 
rate, resulting in regulation of rRNA transcription and a homeostatic control mechanism for 
ribosome synthesis. 7 

Multiple mechanisms affect rRNA transcription simultaneously. As a result, "NTP-sensing," 
FIS (whose concentration also changes with growth conditions), and other control systems 
work together to determine the final rRNA synthesis rate. Our studies on rRNA transcription 
illustrate the necessity for dissecting promoter regions into their component parts in arder to 
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identify the individual contributors that lead to gene expression. The challenge now is to 
determine how the mechanisms work together and which mechanisms contribute to the final 
transcription rate during specific nutritional and environmental conditions. 8

-
9 

Supported by NIH grant GM37048. 

Selected references : 
l. Gourse et al. ( 1996) Annu. Rev. Microbiol. 50, 645-677. 
2. Ross et al. ( 1993) Science 262, 1407-1413 
3. Blatter et al. (1994) Cell 78, 889-896. 
4. Gaal et al. (1996) Genes Dev. 10, 16-26. 
5. Estrem et al. (1998) Manuscript submitted. 
6. Bokal et al. (1997) EMBO J. 16, 154-162. 
7. Gaal et al. (1997) Science 278,2092-2097. 
8. Appleman et al. (1998) J. Bacteriol. 180, 1525-1532. 
9. Bartlett et al. ( 1998) J. Mol. Biol., manuscript in press. 
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REGULATION OF CELLULAR LEVELS AND ACTIVITY OF aS IN 
ESCHERJCHIA COLI 

Gisela Becker, Eberhard Klauck, and Regine Hengge-Aronis 
Dept. of Biology. University of Konstanz, 78457 Konstanz, Germany 

crS or RpoS is a sigma subunit of RNA polymer-ase, that acts as a master regulator in the 
general stress response in E.coli [1) . crs is a very clase rclative ofthe vegetative sigma factor a7o 
and recognizes sinúlar promotor sequences. Whereas growing cells not exposed to any particular 
stress contain hardly detectable crS levels, various stress conditions such ns starvation or 
hyperosmotic shift result in strongly elevated cellular leve!s of crS. This rcgu!ation is mainly post­
transctiptional and in vol ves translutional control as wellas control of the turnover of aS which in 
non-stressed cclls is a highly unstable protein [2). Evidcnce has been presented that as contains a 
" turnover element", i.c. a not further defined rcgion that may function a~ a recognition element for 
tbc proteolytic machinery [4, 6) . The protcase involved is the ClpXP protcase [6). In addition, thc 
response regulator RssB is required for crS tumover [3, 5). 

In an attempt to pinpoint tbe tumover element in as, we isolated mutants with alterittion.s in 
specific arnino acids of di. PreviolL~ work (4, 6] had roughly located the turnover element 
somewbere in the middle of the crS sequen ce, perhaps not far downstream from region 2.4., which 
is in volved in recognition of tbe -10 region of promoters. Whcreas tbe sequences of as and a70 are 
very similar in tbeir respective 2.4. regions, sequences diverge in a region shortly downstream of 
2.4. As a70 is not subject to proteolysis, we hypothesized that one or severa! anúno acids in this 
part of crS might be crucial for its degradation, and tberefore exchanged the respective codons in 
rpoS for those presem in rpoD. A rpoS mutam with u single anúno acid exchange was obtained 
which rcsulted in elevated di levels during log phase growth since it eliminated as protcolysis 
cornpletely. Mutations in adjacent amino acids had similar but mucb less pronounced effects. These 
mutations precisely localizc tbc tu mover element in crS. 

Morcover, in vivo activitics of wildtype and mutant as was determined by assaying the 
expression of various crS-dependent genes in wildtype, rssB and clpP backgrounds. The results of 
tbese experiments are tbe following: ( 1) RssB not only prometes crS proteolysis, but also interferes 
witb its activity; this effect is not promoter-specific, and i~ not observed in tbe stable as mutant; (2) 
in the absence of RssB (i.e. where RssB cannot interfere with crS activity), the stablc as variant 
exhibits reduced activity for the expression of severa! but not all as:dependent genes, i.e. tbe 
mutated umino aeid may also be involved in promoter rccognition of crS-controlled genes. 

Thesc data suggest tbat the turnover element in crS may be a binding sile for RssB {which is 
supported by preliminary in vitro e"perimental evidence), and tbat R~sB not only promotes a5 

proteolysis but also interferes witb crs activity. Thus, RssB might be (have been?) an anti-sigma 
factor tbat has been recruited to serve as a recognitioo factor by tbc proteolytic machinery. 

1. Henggc-Aronis, R. 1996. In F. C. Neidhardt (ed.), E.coli and S.typhimuriurn : Cellular and 
Molecular Biology. American Society for Microbiology. Washington D.C. "'' 

2 . Lange, R. , and R. H.enggc-Aronis. 1994. Genes Dev. 8: 1600-1612. 
3. Muftler, A., D. Fischer, S . Altovia, G . Storz, and R. Henggc-Aronis. 1996. EMBO J. 15: 

1333-1339. .-~ 
4 . Muffler, A., D. D. Traul.sen, R. Lange, and R. Hengge-Aronis. 1996. J . Bacteriol. 178: 1607-

1613. · u• 
5 . Pratt. L. A., and T. J . Silhavy. 1996. Proc. Natl. Acad. Sci. USA 93: 2488-2492. 1.' ; ,, 
6 . Schweder, T., K.-H. Lee, O. Lomovskaya, andA. Matin. 1996. J. Bacreriol. !78: 470-476. 
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ENTERING AND EXITING ST ATIONARY PHASE IN E. COU. 

Deborah Siegele, Dept of Biology, Texas A&M University, College Station. TX 77843 

In rnany envirunments badtoria must <ldapt to fluctuations in the nutrient supply. Many bacteria 

have e volved st.arvation-survival program$ that help to max.im..iz.e cell survival during prolonged 

periods of starvatioo, whilc rnainlaining the ability lo respond rapidly and re.~ume growth when 

nutrients become available. The transitions betwccn cxpoocnlial growlh and sta.tionary phase 

involve striking changes in tbe pattem of gene expression. Understanding how these di!Terenl 

physiological programs a.re initialcd will involve determining how gene e;o;pression is regulated 

during each of these growth tr.msitions. 

Enrering sctUionary phase. To srudy how stationary phase-induced gene expression is 

regulaled, we have focused on how expression of the mcb opemn is regulated in E. coli. The 

mcb operan contains the gene$ required for production of and inununity to !he peptide antibiotic, 

microcio B 17 (7). Expression of !he mcb operan is induced when K cnli ce lis are starved for 

carbon, anunonia, or phu~phate, and also when they en ter stationary pha~e in rich medium (2). 

Although the mcb operan was originally. found on a conjugative plasmid, lhe regulation of mcb 

expression reflects the activities of host factors in volved in sensing and responding to starvarion. 

No plnsmid-encoded products are nccd to rcgulatc the activity of the majar operan prometer. 

Pm.cb. 

Stationary-pha~ induction of Pmcb rranscription does not require oS, a key regulator of the 

E. c:oli starvalion re:;ponse (S). Stationary-phac;e induction is al so iodependent of cAMP and 

ppGpp (2, 12), two faetors involved in regulating the expression of other starvation-induced 

genes. The aclivity of Pmcb is known to be affect:ed by three E. cnli regulatocy proteins: OmpR 

(6). MprA (a.lc.a. EmrR) (3), and lHF (10). Howevt:r, nune uf lhese fdctors is essential for 

stationary-phase induction ofPmcb expression. 

Wc havc done furthcr mutational analysis of Pmcb, using a combinarían of deletion analysis 

and random mutagenesis to identify regulatocy elements in the prometer (8). Our rcsu.lts indical.e 

that a Pmcb expression is regulated by at least four different factors, acting at four different si tes 

in the prometa. Wc havc localized sequence.~ needed for regulation by OmpR MprA, and IHF. 

We have also found evidence for regulation by one or more unidentifiod factors that act upstream 

of pusitiun -164 and on the core prometer. 

Exiting stationo.ry phase. Wbcn nutriCills again becorue available Lo stuved cells, many of the 

changes that occurred to cope with starvation must be reversed befare growth can rcswnc. Littlc is 

known a.bout how thcsc cbangcs are controlled. The ability to respond quickly to nutrients will 

cleady be a.dvantageous to nn organísms competing for limited resourccs. Work from scvcral 

laboratories indicar.es that li.ke enuy into stationary phase. recovery from starvation is also a 

regulaled, temporcilly ordered process, which helps to ensure rapid reentry into the growth cycle. 

Proteins synthesized specifically during outgrowth from sr.ationary phase ha ve been observed 

in Vibrio sp. Sl4 (1, 9), Pseu.d.om()na.\· pulida KT 2442 (4), and during outgTowth of Bacillus 

subtilis spores (13). Synthesis ofthes~ outgrowth-specific proteins is not dctccted il\ starved or 
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exponentially growing cells. Expression of these proteins is likely to be controllcd by factors 
in volved in regulating the outgrowth response, so idcntifying the genes encoding outgrowth­
speciúc proteins will providc. important tools for studying the outgrowth phasc of tbc bacteriallife 
cycle. 

M y laboratory ha.~ identified nine outgrowth-spccific proceins in E. coli, wbich are synthcsizcd 
tcansiently do.ri ng th~ fir.;t hour of recovery from starvation ( 1 1 ). These proteins were identified 
by two-<limensional gel electrophorcsis of proteins pulse-Jabeled dur:ing recovery from starvation. 
Thc outgrowth-specific proteios appeared in two kineóc classes: seven outgrowth-specific proteius 
were fust detected 2 lo S min after the nddition of nutr:icncs, whilc thc rc;maining two outgrowth­
specific protc.iru; wece first detected 15 lo 17 min after the addition of nutrienrs. Wc nrc currcndy 
using a rcva-se gene.tics approach to identify the genes cncoding these proteins. 
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of mprA-deficienl mulanls. ]. Bacteriol. 173: 3924-3929. 

4. Givskov, M., L . Eberl and S. Molin (1994) Responses to nutrient starvntion in P.reudomonas 
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prote.ins. 1. Bacteria!. 176: 4816-4824. 
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THE ESCHERICHIA COLI DEFENSE AGAINST AGING: GLOBAL 
REGULATON AIMED AT AVOIDING OXIDATIVE DAMAGE. 

Thornas Nystrorn, Department of Microbiology, Lund University, Sweden 

During self-replication of bacteria such as Eschericlzia coli old, darnaged and 

potentially non-functional proteins are distributed equally to both daughter cells. In addition, 

old proteins are rapidly diluted with new ones as long as thc environrncnt supports translation 

and growth. Thus, in times of prosperity, prokaryotic cells like E. coli appcar to lack an aging 

process and are essentially immortal. In contras!, prokaryotes do die if circurnstances arrest 

rnultiplication; ce lis of a non-differentiating bacteria( population entering stationary phase due 

to thc depletion of an essential nutrient become moribund and the viable cell counts drop 

stochastically. However, it has been recognized that E. coli, like the differentiating bacteria 

Bacillus and Myxococcus, possess specific genetic programs that have evolved to fight 

externa( physiochemical forces and prolong stasis survival. The physiological functions of 

severa( survival-related proteins suggests that denaturation and spontaneous aging of proteins 

and their componen! amino acids is a problem during stasis. Consistan! with this notion, 

disufide bridge formation of a cytoplasmic alkaline phosphatase increases significantly during 

growth arrest. Normally, such disufide bridge formation should not and does not occur in the 

cytoplasm due to its reducing environment. In addition, the ArcA-dependen! reduced 

production of respiratory substrates and components of the aerobic respiratory apparatus 

during stasis may be an additional defence mechanism mustered by the cell to reduce 

superoxide production and to protect itself against oxidative darnage of proteins and other 

macromolecules. 

The genes encoding stasis-defence proteins belong to several global regulatory 

networks, including the FadR, ArcA, SoxS, OxyR and thc stringent control regulon, and at 

least three different sigma factors, cr70, cr32 and cr38, are required for the expression of these 

genes. Interestingly, a mutation in rpoS, encoding cr38, not only abolishes transcription of 

sorne 35 stationary phase genes, but also causes elcvated induction of sorne cr70_ and cr54-

dependent genes . We have quantitated this phenomenon and shown that the effect for the 

cr70_dependent genes analyzed, uspA and fadD, is at the transcriptional leve! and that the 

effect can be mimicked by overproduction of cr70. In addition, overproduction of cr70 

rnarkedly reduces stationary ·phase induction of cr38-depcndent genes. Our data suggest that, 

al least during stasis, sigma factors compete for a limiting amount of core RNA polymerase 

and that pertubations in the leve! of onc sigma factor can significantly alter the leve! of 

expression of stasis-induced genes dependent on the other sigma factors. In addition, sorne 

cr70-dependent genes that are normally repressed during stasis fail to be so in rpoS mutants. 
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Taken together, the data indicate that sigma factor competition is an importan! mechanism of 

gene regulation during entry of cells into stationary phase. 

Nystrom. T. and Ncidhardt, F.C. (1994). Exprcssion and role of thc universal stress protcin, UspA, of 

Escherjchia coli during growth arrest. Mol. Microbiol 11 : 537-544. 

Nystrom, T. (1994) The glucosc starvation stimulon of Escherichja co(j: induced and reprcssed synthesis of 

enzymes of central metabolic pathways and the role of acetyl phosphate in gene expression and starvation 

survival. Mol. Microbio!. 12: 833-843. 

Nystrom, T. (1995). The trials and tribulations of growth arrest. Trends in Microbiology, TIM. 3: 131 · 136. 

Nystrom, T. (1995) The glucose-starvation stimulon of Escherichia coli: Role of lntegration host factor in 

starvation survival and growth-phase-dependent protein synthesis. J. Bacteriol. 177:5707-5710 

Nystrom, T. Larsson, C, and Gustafsson L. (1996) Bacteria! defense against aging: Role of the Escherichia coli 

ArcA rcgulator in gene exprcssion, rcadjusted cncrgy flux, and survival during stasis. ElllllO J 15:3219-3228. 

Farewell A, Diez, A. A., DiRusso, C., and Nystrom, T. (1996) Role of the Escherjchia coli FadR regulator in 

stasis survival and growth phase-dependent expression of the l!S!l.A. flll1 and fru! genes. J. Bacteriol. 178: 6443-

6450. 
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The relation between transcriptional and post-transcriptional 
factors in the regulation of cell growth and survival 

J. M. Santosl, Miguel Vicente2, and C. M. Arraianol 

linstituto de Tecnología Química e Biológica, Univ. Nova de Lisboa, Apt. 127, 2780 Oeiras, 
Portugal. 
Zcentro de Investigaciones Biológicas, Consejo Superior de Investigaciones Científicas, 28006 
Madrid, Spain. 

Transcriptional and post-transcriptional factors are involved in the control of 
gene expression. We have been studying bacteria! systems where transcription and 
mRNA decay are involved in the rapid response to different environrnental conditions. 
We have looked at the gene bolA asan example of a gene involved in cell division 
that can be induced during the transition to stationary phase. The gearbox promoter 
Pl is responsible for tbe late-pbase induction and tbis promoter is recognised by the 
sigma factor S (as) encoded by rpoS (KatF). 

We have analysed tbe levels of bolA mRNA not only in stationary phase but also 
during exponential pbase with or without different stress conditions. we have 
observed tbat bolA was also induced under sudden stress. The response to carbon 
source depletion was one of the examples where the mRNA levels were even higher 
that the levels obtained in late stationary phase. Unexpectedly, this response was 
independent of as. The promoter seems to be recognised by another sigma factor. 
Northern blot analysis of the inductory behaviour of bolA Pl along the growth curve 
and in response to sudden nutritional stress and reversion (re-addition of 0,4% 
Glucose) suggest an additional mode of expression regulation at the mRNA level. 
There seems to be a specific cleavage site on the transcript (which we suspect is made 
by RNaseE) leading to fast decay. A very stable degradation product J.L results from 
this cleavage. When bolA is induced this cut seems to be inhibited thus increasing 
mRNA stability. In the reversion experiments J.L reappears strongly after readdition of 
glucose to tbe medium at the same time bolA Pl full-transcript resumes back down to 
constitutive levels. · 

Furthermore, in a reversion experiment, we stressed an E. coli strain deficient in 
as during early logarithmic phase (OD 0,3) and observed induction still occurs, as well 
as reversion to basal levels after glucose readdition. In this second phase of the 
experiment, the appearance of m was even more important than with the wild type. 
This further suggests an alternative regulation process at the leve! of mRNA stability 
which enables the cell to respond faster to the need of turning on or off genes which 
suddenly become respectively necessary or unnecessary. 

Thls is an example where transcriptional and post-transcriptional controls work 
in consonance to achieve the global regulation of the expression of this cell division 
gene. 
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REGULATION OF BACTERIOPHAGE 029 DNA TRANSCRIPTION. Margarita 

Salas, María Monsalve, Mario Menda, Belén Calles, Montserrat Elías, Ana 
Camacho, José A. Horcajadas and Fernando Rojal. Centro de Biología Molecular 
"Severo Ochoa" (CSIC-UAM), and lCentro Nacional de Biotecnología (CSIC), 
Universidad Autónoma. Canto Blanco. 28049 Madrid. Spain. 

Bacteriophage 029 early promoters are recognized by the Bacillus subtilis RNA 

polymerase (RNAP) containing the majar crA subunit, while transcription from 

the late promoter, P A3, requires, in addition to the crA RNA polymerase, the 

product of the viral gene 4, p4. Protein p4 binds to a region centered at position 

-82 relative to the P A3 transcription start si te, recognizing an 8 bp long in verted 

repeat. This DNA region has a sequence-directed curvature that greatly increases 

by protein p4 binding. Protein p4 activates late transcription by stabilizing the 

binding of the RNAP to the promoter as a closed complex (1). Indeed, protein p4 . 

can induce the binding of purified B. subtilis RNA polymerase a subunit to the 

late promoter. This binding does not occur with p4 mutants at residue Arg 120, or 

when a deletion mutant at the a subunit, lacking the 15 e-terminal amino acids, 

are used (2, 3) . The use of reconstituted RNAPs with deletion-containing a. 

subunits indicated that the last 15 residues of the latter are required for p4-

dependent transcription activation. In addition, by site-directed mutagenesis at 

the C-end of p4, severa! basic residues have been identified, including Arg 120, 

that contribute to maintain the DNA bending. Since p4 is a dimer in solution and 

binds to DNA as a tetramer we propase a model in which two of the p4 subunits 

would interact with the RNAP while the other two would be used for DNA 

binding and bending (4). 

The regulatory protein p4 also represses transcription from the early 

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

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

steric hindrance and by the bending induced upon binding (5). Protein p4 
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represses the A2c promoter by binding to a DNA site centered at position -71, 

immediately upstream from RNAP, in a way that does not hinder RNAP 

binding. In the presence of p4, RNAP can forman initiated complex at PA2c that 

generates short abortive transcripts, but cannot leave the promoter (6). Mutation 

of p4 residue Arg 120, which relieves the contact between the two proteins, leads 

to a loss of repression. In addition, deletion of the 15 C-terminal amino acids of 

the RNAP a subunit also leads to a loss of repression (7) . Therefore, the contact of 

p4 and RNAP through the same regions can activate or repress transcription 

depending on the promoter. By construction of mutant promoters we showed 

that the position of protein p4 binding site relative to that of RNAP does not 

dictate the outcome of the interaction. Rather, it is the absence or presence of a 

-35 consensus box for crA-RNAP what determines activation or repression, 

respectively (8). 

The role of the "extended -10 motif" in 029 promoters and that of the viral 

protein p6 in the control of transcription will be also discussed . 
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Molecular signalling bctwccn thc rcdox sensor protcin NIFL and thc transcriptional 
activator NIFA. 

Francisca Reyes-Ramirez, Andre Sobz.cyk , Jasan A. Barrett and Ray Dixon 

Nitrogen Fixation Laboratory 
John Iones Centre, Norwich NR4 7UH, UK 

The prokaryotic enhancer-binding protein, NIF A, activates transcnpt10n of the nitrogen 
fixation (nif) genes by promoting formation of open promoter complexes by the o 54

-
holoenzyme form of RNA polymerase. Stimulation of open promoter complex by NIF A 
requires nucleotide triphosphate hydrolysis catalysed by the activator. NIF A has the 
characteristic three-domain structure of ~ (~)-dependen! transcriptional activators, 
comprising (i) an amino-terminal domain with potential regulatory properties, which is not 
homologous to the canonical phosphoacceptor domain of the response regulator family, (ii) a 
central domain possessing nucleoside triphosphatase activity, which interacts with the oN -RNA 
polymerase holoenzyme, and (iii) a C-terminal domain which recognises specific DNA target 
sites. In both Azotobacter vinelandii and Klebsiella pneumoniae the ability of NIF A to 
actívate transcription is modulated by the anti-activator protein NIFL in response to 
environmental oxygen and fixed nitrogen Biochernical analysis ofpurified NIFL indicates that 
it is a flavoprotein with F AD as prosthetic group. Oxidation and reduction of the flavin acts as a 
molecular switch to control the activity of NIF A, indicating that NIFL is a redox responsive 
regulatory protein. In addition to its ability to act as a redox sensor, the activity ofNIFL is also 
responsive to adenosine nucleotides, particularly ADP. lbis response overrides the redox switch 
suggesting that NIFL also senses the energy status in vivo. NIFL is comprised of two 
domains; the amino terminal domain binds F AD and is primarily involved in sensing the 
redox status, whereas the C-terminal domain binds adenosine nucleotides and rnay interact 
withNIFA. 

The mechanism(s) by which NIFL prevents transcriptional activation by NIFA is not clear 
but appears to be mediated by protein-protein interactions. Analysis of a truncated form of 
NIF A lacking the amino-terminal domain indicate that this domain has a regulatory 
function in modulating the catalytic activity of NIF A in response to NIFL. In contrast to 
na ti ve NIF A, the truncated protein is not responsive to inhibition by the oxidised form of 
NIFL and nucleotide triphosphatase activity of the truncated form is apparently unregulated. 

· However, t.N191- NIFA is still responsive to high concentrations ofthe ADP- bound form of 
NIFL even though catalytic activity is not inhibited. These data suggest that NIFL has the 
ability to inhibit NIFA by two different mechanisms; one requiring the amino-terminal 
domain, involving inhibition of the catalytic activity of the central domain, and the second 
mechanism which acts at a stage in the activation pathway prior to catalysis of the open 
promoter complex. Since the second mechanism does not apparently require the DNA 
binding function of NIF A and does not inhibit catalytic activity it is possible that the ADP 
bound form of NIFL prevents the activator from forming productive contacts with the · 
polymerase. We ha ve isolated mutant forms of NIF A which are resistant to the inhibitory 
form(s) ofNIFL. Whereas sorne ofthese mutations give rise to constitutively active forms of, ' 
NIFA, other mutations only resist the negative function ofNIFL under certain environmental 
conditions. lt therefore appears that NIFA is able to integrate environmental signals as a 
consequence of its interaction with different inhibitory conformers ofNIFL. 
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lnterplay between global regulators of Escherichia coli : 

effect of RpoS, Lrp and H-NS on transcription of the gene osmC. 

Jean Bouvier1
, Sylvie Gordia \ Gabriele Kampmann2

, Roland Lange2
, 

Regine Hengge-Aronis2 and Claude Gutierrez ,. 

1 Laboratoire de Microbiologie et Génétique Moléculaire, 

UPR 9007 du CNRS, 118 Route de Narbonne,F-31062, Toulouse Cedex. France. 

2 Universitat Konstanz, Fakultat für Biologie, Fach M 606 

D-78457 Konstanz, Gerrnany 

Transcription of the osmC gene of Escherichia co/i is regulated as a function of the phase of 

growth. lt is induced during the decelerating phase, before entry into stationary phase. osmC 

expression is directed by two overlapping promoters, osmCp1 and osmCp2 . osmCp2 is mainly 

transcribed by E-cr5
, the RNA polymerase using the cr' (RpoS) sigma factor, and is responsible for the 

growth-phase regulation. Transcription from osmCp1 is independent of cr' . The leucine-responsive 

protein (lrp) binds the osmC promoter region in band shift experiments. In vivo analysis using osmC­

/acZ transcriptional fusions demonstrated that Lrp affects expression of both promoters. lt represses 

transcription of osmCp 1 and activates transcription of osmCp2 by E-cr'. Absence of Lrp results in an 

increase in the amount of RpoS during exponential growth in minimal medium. The nucleoid 

associated protein H-NS also represses osmC transcription from both promoters. The effect on 

osmCp2 is probably mediated by the increase in cr' concentration in the cytoplasm of tms· mutants. 

while the effect on osmCp1 is independent of cr'. No binding of H-NS to the promoter region DNA 

could be detected, indicating that the effect on osmCp 1 could also be indirect. 
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cAMP-CRP, H-NS and IHF are..involved in the regulation of the rnicrocin C7 
production genes, which transcriptlon is stationary phase induced and 0 6• 
dependent. 

José Eduardo GONZÁLEZ PASTOR 1 Annic KOU3 2
, José Luis SAN 

MllLÁN1
, y Felipe MOREN01

• 

'Unidad de Genética Molocular, Hospital Ramón y Caja l. Carretera de Colmenar, Jcrn 9.1. 28034 Madrid 
Spain. · • 
2
Unilé de Physicochimic des Macmmoléwlcs Biolo¡;iqucs (URA 1149 du CNRS),lnstitut Pastcur. Ruc 

du Dr. Rou~. 25. 75724 Paris Cedex 15, Franec. 

Microcin C7 (MccC7) is a modified heptapeptide (1 .177±1 dalton), ribosomally 

synthesized, that inhibits protein synthesis. MccC7 is produced by Escherichia coli cells 
that harbour the conjugative plasmid pMccC7 (43 kb). This plasmid contains six genes 
involved in MccC7 production and immunity (mee). 

Like other microcins, MccC7 production is induced when cells enter into 
stationary phase. 1t results from the activation of the main prometer, mccp, responsible 
of transcription of the five genes involved in production, which constitute an operon. The 

cAMP-GRP complex is absolutely required for this activation, and the RNA polymerase 

05 subunit is required for optimat induction. DNAse 1 footprinting analysis have shown 
that cAMP-CRP complex binds to the mcep region, at position -59.5 from the 
transcriptional start site. Transcription in vitro from mccp can be initiated by RNA 

polymerase reconstituted with os, and also with o 70
, the vegetativa sigma factor, and in 

both cases the transcription is enhanced by the cAMP-CRP comptex. We conclude that 
the transcription of the mee genes in stationary phase is, essentially, due to the binding 

of the cAMP-CRP complex and the OS-containing RNA polymerase to mccp prometer. 

On the other hand, the histone-like proteins H-NS and IHF inhibit transcription 
from mccp prometer. DNAse 1 footprinting analysis have shown that binding sites of H­

NS and IHF overlap the mccp promoter and cAMP-CRP site, which exptains the inhibitor 
effect of these proteins. Furthermore, H-NS repress transcription in vitro from mccp. 

Taken these resutts together, we conclude that these histone-tike proteins are directly 
involved in repression of mee genes transcription. 

There are not many stationary-phase induced and os-dependen! promoters 
studied in detail at molecular leve!. Our results could contribute to a better understanding 
of the regulatory mechanims in stationary phase. 
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Antagonistic transcriptional control by Fis and H-NS and growth-phase-dcpendent changes 
in mRNA stability modula te the cxprcssion of cold-shock protcin CspA at 37°C 
Anna Brandi, Maurizio Falcorú, Roberto Spurio, Cynthia L. Pon and Claudio O. Gualerzi 
Laboratory ofGenetics, Dept. ofBiology, Urúversity ofCamerino, 1-62032 Camerino (MC), 
lialy 

When the temperature falls below 20°C, Escherichia coli cells respond with the activation of 
o ver a dozen genes. According to the current modcl, the single stranded nucleic acid binding 
protein CspA (product of cspA), which is the transcriptional activator of at least two other cold 
shock genes (hllS and gyrA), mediales this global response. Cold shock was reporteó to triggcr 
de novo synthesis of CspA whose intracellular leve! increases from a negtigible amount to mM 
concentration during the irútial stage ofthe cold shock growth lag. Wc demonstrate, however, 
that cspA is tra.nscribed and translated very efficiently also at 37°C, but only during early 
exponential growth. With increasing cell density, both CspA mRNA and its product disappear 
rapidly and become virtual! y undetectable already in mid-log phase. Accord.ingly, the extent of 
the cold shock induction of cspA was found to be invcrsely proportional to the intracellular leve! 
of CspA and varies as a function of the growth phase in a way suggesting that this protein is 
capable of feedback autorepression. Dilution ·with fresh mediurn of stationary phase cells in 
which CspA is barely detectable brings about a burst (followed by a renewed decline) of cspA 
expression. Both transcriptional and post-transcriptional controls are responsible for this 
behavior; transcription of cspA, like that of hns, was found to be under the antagorústic control 
ofDNA-binding proteins Fis and H-NS both in vivo and in vitro and sequence homologies 
detected in the prometer regions ofthese genes and contiguous or partially overlapping binding 
si tes for these proteins likely are the physical basis for this sirnilarity. Finally, a ribonuclease 
whose activity requires the intact 5'untranslated leader of cspA mRNA and which is inhibited by 
the cold-shock DeaD box RNA helicase (CsdA) drastically reduces the half-life ofCspA mRNA 
and contributes to its rapid disappearance with increasing ceU density. 
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Expression of the PalkB promoter from the Pseudomonas oleovorans 

alkane degradation pathway is subject to carbon source- and growth 

phase-dependent regulation 

Luis Yuste, Inés Canosa and Fernando Rojo 

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

28049-Madrid, Spain 

Pseudomonas oleovorans GPol contains a set of enzymes that allow it to grow at the 

expense of medium-chain-length alkanes. The genes coding for these enzymes are 

clustered in two operons; one includes a regulatory gene, alkS, and one subunit of 

one of the enzymes of the pathway, while the genes corresponding to the rest of the 

enzymes are grouped on a second operon that is transcribed for a promoter named 

PalkB. Transcription form PalkB requires the presence of an inducer such as octane 

and the activator protein AlkS. Expression of the first enzyme of the pathway, 

alkane hydroxylase, is known to be influenced by the carbon source present in the 

growth medium, suggesting that there might be an additional overimposed leve! of 

regulation connecting the expression of the alk genes with the metabolic status of 

the cell. We have constructed reporter strains to analyze the influence of the carbon 

source and of the growth phase on the expression of the PalkB promoter. Expression 

from PalkB was most efficient when cell grew at the expense of citrate or glucose, but 

decreased significantly when lactate, acetate or succinate were used as carbon 

sources. These organic acids are known to be preferred carbon sources in 

Pseudomonads. lnterestingly, when cells were grown in a rich medium, induction 

of PalkB promoter was very low during the exponential phase, but rapidly increased 

when cells approached to stationary phase. PalkB promoter was shown to be 

independent from the alternative sigma factor os., involved in the expression of 

genes related to carbon and nitrogen metabolism, as well as from ~' which directs 

RNA polymerase to stationary phase promoters. Exponential silencing of PalkB was 

partially relieved when the AlkS activator was overexpressed, or when the 

promoter was moved to an unrelated genetic background such as Escherichia coli. 
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Mutants have been isolated in which exponential silencing was absent. Our results 

suggest that PalkB expression might be modulated by at least two proteins, the AlkS 

activator, andan as yet unidentified repressor which is expressed or activated when 

cells grow in a rich medium. A number of indirect evidences suggest that catabolic 

repression by lactate or succinate occurs through a mechanism different from that 

responsible of the exponential silencing observed in rich medium. Progress in the 

elucidation of the global regulatory network controlling PalkB expression will be 

discussed. 
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Mapping of the residues contacted by phage <l>29 regulatory 

p4 at the RNA polymerase a-subunit 

Belen Calles\ María Monsalve\ Fernando Rojo1 and Margarita Salas' 

protein 

!Centro de Biología Molecular "Severo Ochoa" (CSIC-UAM), Universidad Autónoma, Canto 
Blanco, 28049-Madrid, Spain; 2Centro Nacional de Biotecnología (CSIC), Campus de la 
Universidad Autónoma de Madrid, Canto Blanco, 28049-Madrid, Spain. 

Protein p4 from Bacillus subtilis phage <1•29 activates transcription al the viral late A3 
promoter (PA3) and represses transcription at the early A2c promoter (PA2c), located 219 bp apart. 
In both cases, protein p4 binds upstrearn from RNA polymerase (RNAP) and interacts wilh the e­
terminal domain ofthe RNAP a subunit (a-CfD). Al PA3, the interaction stabilizes RNAP at the 
promoter, overcoming the rate linúting step of this promoter (closed complex formalion) . Al the 
early A2c promoter, the interaclion between protein p4 and RNAP holds RNAP at the promoter as 
an initial transcribing complex that can malee short abortive transcripts but cannot clear the 
promoter. A remarkable characteristic of protein p4 is that both activation of PA3 and repression of 
PA2c occur by an interaction that involves the same surface of protein p4 and the same domain -of 
RNAP, namely the a-CID. lt is the affmity of RNAP for the promoter what determines which will 
be the fmal effect of the p4-RNAP interaction: if RNAP binds weakly to the promoter, its 
interaction with p4 will facilitate transcriplion initiation, but if RNAP binds stably to the promoter, 
an additional interaction with protein p4 will impede promoter clearance and repression will occur. 
The surface of protein p4 which interacts with RNAP is well characterized; il is known that residue 
Arg-120 is critical both to interact with the RNAP a-CID and to activate or repress transcription. 
Nevertheless, the residues of the RNAP a-CID which interact with protein p4 are not known, 
although it has been shown that deletion of the last 15 residues of the C-terminal domain of the B. 
subtilis RNAP a subunit impairs the interaclion between the two proteins. To get a deeper insight 
into the protein p4-RNAP interaction, several acidic residues of the RNAP a-CTD which were 
plausible targets for p4 residue Arg-120 were stepwise changed into alanine. In addition, a 
truncated a-subunit lacking the last 4 residues, two of which are acidic, was also obtained. The 
mutant a -subunits were purified and reconstituted into RNAP holoenzyme in vitro. Reconstituted 
RNAPs were active at recognizing p4-independent promoters. Their ability to interact with and to 
be regulated by protein p4 is currently undcr study; thc results obtaincd will be prescnted. 
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Transcriptional Rcgulation of Esscntial Ccll Division Genes 

Miguel Vicente, Klas Flardh, Ana Martínez-Hortigüela, and Manuel Ballesteros. Departamento de 

Biología Celular y del Desarrollo . CIB. CSIC. Madrid, Spain. 

The corree! timing ofjlsZ expression., and the correct FtsZ concentration., are required for division to 

occur at normal sizes. Cells in whichftsZ is expressed continuously (yielding 80% of the wild type 

FtsZ levels). divide with the same division time as the wild type, but at the expense of becoming 1.5 

times larger. The ftsZ cell division gene is part of a gene cluster that has been named the dcw cluster 

(Vicente el al., 1998). 

Many bacterial species contain this cluster of cell division genes which, in those bacteria 

possesing a cell wall, also contains genes coding for enzymes that participate in its synthesis . In 

several bacteria the genes in the cluster are arranged in clase proxi rrúty to each other and are 

transcribed in the same direction., which in E. coli is coinciden! with the progression of the replication 

fork . It has been postulated, but not directly proven., that these genes may be transcribed as a 

polycistronic mRNA initiated at the upstream promoter (mraZlp) (Hara, and Park, 1993). lt remains 

to be proven, as well, ifthis mRNA is subsequently processed to attain the differential expression of 

the different genes. The transcriptional organization of the 16 genes involved in the cluster has only 

been described in detail for theftsQAZ, and the mraZWR-jtsl regions (Fiardh et al., 1997: Rara et al., 

1997). 

The ftsZ gene is transcribed from at least six promoters found within the coding regions of the 

upstream ddlB, jtsQ, and jtsA genes. The contribution of each one to the final yield of ftsZ 

transcription has been estimated using transcriptional lacZ fusions. A comparison with results from 

chromosomal fusions able to report the transcriptional activity from all the promoters in the cluster, 

both upstream and downstream the ddlB gene, suggests that over 60% ofthe transcripts reaching the 

ftsZ structural gene are originated upstream from ddlB. 

Among the promoters involved inftsZ expression,ftsQ/p belongs toa distinct class of E. coli 

promoters, which have been named Gearbox promoters because their final yield is constan! per cell 

and cell cycle independently of the growth rate of the population. Together with another gearbox 

promoter, bolA lp, ftsQ/p is recognised by both RNA polymerase sigma factors cr0 and cr5
, and 

depends on the latter for growth rate regulation. Analysis of mutations introduced at bolA 1 p suggest 
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that the postulated -10 sequence CGGCTAGTAT (Vicente el al., 1991) is important in maintaining 
the potency ofthe promoter and its dependency on growth rate. 

ftlrdh. JrC. Ganido. T _ and Vioentc. M. 1997. Contribution ofindividu.al promoc.cn in the cldlB-fisZ region lo thc: lran.<;a'iption uflhe ~li.al ccU divison 
ptejlrZ in ErcMrichia co/i. MoL Microbiol .• l•: 927-936 

fúra. H. oncl Patl<. J. T. 1993. A far upstream region is rcquircd for c>q>rcssion ofd-.eflrl &ene ooding for pcnicillin-binding r<olein 3 of ErcMrichia co/i. 
In de Pedro. M. A_ H61tjc. J. v_ oncl L6ffellunll. w. (cds) Bacteria/ groWfh and /yrir: m<tabolirm and rtruelllr< o{IM bccterial raccuiHs .. r 303-308 . 
........... Publishing Co. London 

liara. H .• Y asuda. S .• HoriudU. K.. oncl Patk. J. T. 1997. A promo<e< for d-.e first nine &<n<S of d-.e Ercherichia co/i mra clusaer of oell division onc1 oell 
en...to¡Jc bóosynd-.esir genes. includingflr/ onclftrW.J. BactuioL 179: S802-S811 

v--. M. Kushner. S. R.. Garrido. T. oncl Aldea. M. 1991. The role ofd-.e '¡catboJ( in d-.e transaip<ion of esoential cenes. Mol. Miaobiol. 5: 208S-

2091 

Vioerll<. M. Gómez. M. J. oncl Ayala. J. A 1998.Rcgulation oftransai¡Kion of oell clivision genes in d-.e Ercherichia coli dcw dusur. Ccll . Mol. Life Sci. 
~ : 317-n• 
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Re.gulation of cell division during the cell cycle of Caulobacrer crescemus. Y ves V. Brun, 
Deparunent ofBiology, Indiana Univcrsity, Bloomington, Indiana 47405, USA 

In the differentiating bacterium Cauwbacter ctescentus, the developmental process is tightly 
linkcd to progression through the cell cycle. The seq~ntial stages of the differentiation pathway 
are readily distinguishcd by specific morphological changes that provide a convenient indication of 
the stage of the cell cycle. Each cell division produce¡; two different cell types: a flagellated 
swarmer cell unable lo initiate DNA 9>lication and a sessile stalked cell that initiates DNA 
replication irnmediately aftcr cell divisxon. The swatTCler cell differentiates into a stalked cell 
following a fixed period aftcr which DNA replication can be initiated. The stalked cell elongates, 
initiates cell division, and synthesizes a flagellum at !be pote opposite the stalk lo produce an 
asymmetric predi visiona! cell. The concentration of RtsZ varíes dramatically during the 
Cauwbacrer cdl cycle. After cell division, FtsZ is pr~nt only in the pro gen y stall..-ed ce!L ftsZ is 
not transcribed in swarmcrcells where it is repressed by thc cell cycle response regulator CtrA. 
CtrA is also a repressor ofDNA replication in swannercells. Transcription offtsZ and DNA 
rcplication initiate during differentiation when CtrA is degradcd. FtsZ starts accumulating at the 
time of jrsZ transcription initiation, is relatively stable¡ and begind localizing at speci.fic subcellular 
sites. Thc maximum concentr<ltion of FtsZ is rcachcd in the middle of the cell cycle. At the end of 
the replication period and coinciden! with the initiatioh of cell division, transcription offtsZ 
decreases. Proteolysis of FtsZ increases, especial! y in the swarmer pole of the predivisional cell, 
causing a rapid drop in FtsZ concentration and prcventing FtsZ inheritance in swanner cells. The 
frsQ and ftsA genes are co-transcribed by a promoter found in the 3 '-end of the ddl gene and their 
trunscription is terminated betweenftsA andftsZby alrho-independent terminator. PQA• is · 
transcribcd at the end ofthe DNA replication period, followingftsZ transcription. Transcription 
from PQA is inhibited by an inhibition of DNA replic®on whereas transcription ofjtsZ is not 
The burst offtsQ/i transcription following the completion of DNA replication may represent one 
way to coordinate the beginning of cytokinesis with t.l¡e end of the replication period. The 
complction of late steps in cell division (DIVp) is reqllired for tbe activation of flagellar rotation and 
for stalk synthesis at the new pole of the cell. ftsA is ~ne of the cell division genes required for the 
DIVp step and it may be that the temporal control of.ttsA (and perhapsftsQ) transcription helps to 
coordina te devclopmental events and the cell division tycle as well. 
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Cell Division and ppGpp in Escherichia coli 

Da niele Joseleau-Petit and Richard D' Ari 
lnstitut Jacques Monod (CNRS, Université París 6, Université París 7) 

2, place Jussieu, F-75251 París Cedex 05, France 

Escherichia co/i is a rod-shaped Gram negative bacterium. 
lnhibition of PBP2 (penicillin-binding protein 2), either genetically 
or with the specific B-lactam mecillinam, causes cells to become 
cocci and in rich medium these spheres sto"p dividing. Division can 
be restored either by amplification of the cell division proteins 
FtsQ, FtsA and FtsZ (all three are mUst be overexpressed) or by a 
doubling of the . ppGpp pooL Since the fts(¿ ftsA and ftsZ genes form 
an operan and since the nucleotide ppGpp is a known transcriptional 
regulator of mani operons, we speculated that it may be a positive 
effector of ftsQAZ transcription. This also fit with the observation 
that at least one prometer of the ftsQAZ operan has higher 
expression at lower growth rates, when the ppGpp pool is higher. 
We therefore carried out quantitative S1 mapping of ftsQAZ mRNA 
5 '-ends in cells with different ppGpp concentrations. All five 
promoters of the ftsQAZ operon are unaffected during the stringent 
response (elicited by isoleucine · starvation of wild type cells), 
when · the ppGpp pool is increased tenfold. Since isoleucine 
starvation blocks net protein synthesis, this r:esult did not rule out 
an indirect regulation of ftsQAZ transcription by ppGpp, for 
example, via RpoS. However, the ftsQAZ promoters are also 
unaffected during . exponential growth in the argS201 mutant, in 
which the ppGpp pool is doubled compared to wild type. To see 
whether ppGpp might have a post-transcriptional effect on the 
amount of cell division proteins, we measured the concentration of 
FtsZ protein · in exponentially growing wild type cells and in 
mecillinam resistant a rg S 2 O 7 ce lis, using quantitative 
immunoblotting; there was no difference (±15%). These results ': 
show that the ftsQAZ operan is not the ppGpp target responsible·: · 
for mecillinam resistance. Nevertheless, a mere doubling of the ~ i 1 
ppGpp pool permits E. colí to carry out cell division as a coccus. We :. 0 
are currently trying to identify the ppGpp targets which,. ··at ;., 
intermediate ppGpp levels, allow cells to divide as spheres in the 
absence of PBP2. 
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New uses for old transcription factors , and other novclties in the control of Streptomyces 
differcntiation 

K. F. Chater, J. A. Aínsa, C. J. Bruton, M. J. Buttncr, K. Flardh, G. H. Kclcmcn, N. J. Ryding, 

J. A. Soliveri, C. A. Whatling. John Innes Centre, Norwich, NR4 7UH, UK. 

The mycclial organism Streptomyces coelicolor A3(2) produces unigcnomic sporcs aftcr thc 

controlled multiple cell division of multigenomic aerial hyphae. Six genes (the early wlzi genes) 

ha ve been implicated in the regulation of this process of sporulation scptation1
• One of them, 

wlziG, encodes a o factor similar to rnotility sigma factors of enteric bacteria ( d) and Baci/lus 

spp. ( o0
) . RNA polymerase containing crWbiG is responsible for transcribing whiH and whil, two 

ofthe other sporulation regulatory genes. The emerging consensos sequence for oWhiG-dependent 

promoters is similar to that of oF- and aD-dependent prornoters. WhiH and Whil are members 

ofwell-known families oftranscriptional regulators. The closest known relatives ofWhiH are 

regulators (mostly repressors) of genes involvcd in carbon metabolism, including FadR (fatty 
acid metabolism), LctR (lactate metabolism) and PdhR (pyruvate dehydrogenase). whiH appears 

to be ( directly or indirectly) autoregulatory. Whil resembles response regulators, but has an 
atypical phosphorylation pocket, and the whil gene is not located near a gene for a sensor kinase. 

The other three early whi genes are members of smaller gene farnilies eneoding proteins that are 
fimctionally and structurally uncharacterised. Two are so far confined to the Actinomycetales 

branch ofbacterial phylogeny. Members ofthe whiJ family have all been found in searches for 

genes that influence morphological or physiological differentiation in streptomycetes; while 
whiB-like (wbl) genes have been found by DNA-based searches, with at Ieast six such genes in 

S. coelicolor, most of which appear to ha ve homologues in most actinomycetes. It seems likely 

tbat the progenitor of all high G+C Graln-positives already possessed a set of wbl genes. 
Homologties ofthe sixth early whi gene, whiA, have so far been found in both Iow and high G+C 
Gram-positives. A mutation in whiA prevents transcription of whiH in a whiEr background, but 
not in a whiH mutant, implying an interaction between WhiA and WhiH. In the absence of any 

ofthe six early whi genes, expression ofthe late sporulation o factor gene sigF is greatly reduced 
or undetectable2

• 

References. 

•- Chater, K. F. (1993). Genetics of differentiation in Streptomyces. Ano. Rev. Microbio!. 47, 
685-713 
2. Kelemen, G. H., Brown, G. L., Kormanec, J., Potuckova., L., Chater, K. F., and Buttner, M . J. 
(1996). The positions ofthe sigma factor genes, whiG and sigF, in the hierarchy controlling the 
development of spore chains in the aerial hyphae of Streptomyces coelicolor A3(2). Mol. 
Microbiol. 21, 593-603. 
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Rcgulation of prcsporc-spccific transcription in Bacillus subtilis 

Jeff Errington*, Richard A. Daniel, Andrea Feucht, Peter J. Lewis and Ling Juan Wu 

Sir William Du¡m School of Pathology, University of Oxford, Oxford OXI 3RE, Eng/and, 
U.K. 

Early in the process of spore formation in Bacillus subtilis, asymmetric cell division produces 
a large mother cell anda much smaller prespore. Differentiation ofthe prespore is initiated by 
activation of an RNA polymerase sigma factor, crF, specifically in that cell. crF is negatively 
regulated by an anti-sigma factor, SpoiiAB, which is in tu m regulated by an anti-anti-sigma 
factor, SpoiiAA1

·2.3·
4. The interaction between SpoiiAB and SpoiiAA is complex because 

SpoiiAB is also a protein kinase that inactivates SpoiiAA by phosphorylating it on a specific 
serin ~ residue2.4. The releas e of crF activity in the prespore is driven by the action of a specific 
serine phosphatase, SpoiiE, which converts SpoiiAA-P back to its active unphosphorylated 
forml.6.7.s 

An important feature ofthe mechanism that regulates crF activity is its dependence on 
fonnation ofthe division septum9

"
10' 11

• SpoiiE protein plays an imponant role in coupling 
transcription and morphogenesis because it has a second activity required for corree! 
formation ofthe asymmetric division septum6'12. lndeed, SpoiiE protein is targeted toa ring­
like structure at the division site befare septation begins, probably by interacting with one or 
more division proteins, possibly including the tubulin-like protein, FtsZ13

•
14·11·16·17 

Recent results suggest that S paliE is active and dephosphorylates SpoiiAA-P at a significan! 
rate in the predivisional cell, even though ~ remains dormant 17

. Studies with a fully active 
SpoliE-GFP fusion show that after asymmetric division, the phosphatase protein from the ring 
structure is sequestered onto the prespore face ofthe septum16. Sequestration of SpoliE into 
the prespore could drive activation of ~ by overwhelming the competing kinase reaction.. thus 
explaining both the cell-specificity of ~ activation and its dependence on septation. 

References 
l. Duncan, L. & Losick, R . (1993) Proc. Natl. Acad. Sci. USA 90, 2325-2329. 
2. Min, K. -T., Hilditch, C. M., Diederich, B., Errington, J. & Yudkin, M. D. (1993) Ce//74, 

735-742. 
3. Alper, S., Duncan.. L. & Losick, R. (1994) Cell77, 195-205. 
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Compartmcnt-specific activation 
analysis of SpoiiE activity and 
mutant s 

of crF in Bacillus subtilis: 
localisation in cell division 

Andrca Fcucht, Richard A. Daniel and Jcffcry Errington 
Sir Will iam Dunn School of Pathology, University of Oxford, Oxford OXJ 
3RE, U.K. 

During sporulation in Bacillus subtilis an asymmetric cell division 
creates two unequal-sized compartments with distinct fates . 
Differential gene expression in the two compartments, called mother 
cell and prespore, is governed by newly synthesised transcription 
factors (sigma factors). The activation of the first compartment-specific 
sigma factor, crF, is regulated by three other proteins, SpoliE, SpoiiAA 
and SpoiiAB . SpoiiE is a membrane-bound phosphatase initially 
localised at the two potential sites of septation (1). During septation, 
SpoiiE is sequestered to the prespore side of the asymmetric septum 
(2) . SpoiiE dephosphorylates the anti -anti-sigma factor SpoiiAA-P. 
SpoiiAA counteracts the inhibitory effect of the anti-sigma factor 
SpoiiAB , resulting in the release of crF in the prespore (3, 4). 

Interestingly, the activation of crF is dependent on the formation 
of the asymmetric septum (5). To further understand this effect, we 
engineered a strain in which expression of the essential cell division 
gene ftsL is under control of an inducible promoter. Cells that sporulate 
in the absence of the inducer do not form a septum and fail to actívate 
crF. Subsequent addition of inducer leads to immediate septation and 
activation of crF in the prespore. 

Depletion of FtsL did not affect the ability of SpoiiE to loca!ise to 
potential division sites. Surprisingly, it also had little effect on the 
dephosphorylation of SpoiiAA, suggesting that SpoiiE activity does not 
require the formation of the asymmetric septum. 

A previously isolated spoi/E mutant bypasses the dependence of 
crF activation on formation of the asymmetric septum. The mutant 
protein is partially delocalised and produces increased levels of 
SpoiiAA. 

On the basis of these and previously published results, we 
suggest that SpoiiE activity is modulated by two spatial effects . Ear!y 
in sporulation the protein is targeted to tight zones at the potential 
division sites. This could restrict its effective activity on the dispersed 
cytoplasmic SpoiiAA-P. After septation, sequestration of most of the 
cellular SpoiiE into the small prespore compartment could provide a 
sufficently high concentration of phosphatase to overwhelm the 
competing kinase reaction and release crF activity in that compartment. 

(1) Arigoni el al. (1995). S c i<nce 270 : 637-640 
(2) Wu el al. (1998). G•n.s D<v. , in press 
(3) Erringlon (1996) . TIC 12 : 31 -34 
(4) Slragie r and Losick (1996). Annu R<v G<n<t 30 : 297-341 
(5) Levin and Losic k (1994). J. Bactu iol. 176: 1451-1459 
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Thc role of sigma factors in controlling diffcrcntiation in Streptomyces coelicolor 
A(3)2. 
Gabriclla H. Kclcmcn and Mark J. Buttner 
Jolm Innes Centre, Norwich, NR4 7UH, United Kingdom. 

Two altemative sigma factors, encoded by whiG and sigF, play important roles in 
the transformation of the multigenomic aerial mycelium into chains of unigenomic spores 
in Streplomyces coe/icolor. The initiation of sporulation is dependent on whiG, while sigF 
is involved in spore maturation after sporulation septa have been laid down. Transcription 
studies performed on both these genes in wild type and in severa! whi mutants showed 
whiG transcription to be independent of known sporulation genes, while sigF transcription 
is dependent on all six known early sporulation (w/11) genes. However, sigF is not directly 
dependent on whiG, suggesting an involvement of other sigma factors in sporulation. 

In a search for suitable candidates, a new group of genes homologous to sigF has 
been identified and three ofthem have been sequenced. The genes encode alternative sigma 
factors that belong to the group of sporulation specific and stress response sigma factors 
of Bacillus subtilis. Two ofthe new sigma factor genes are potentially part of polycistronic 
operons and they are preceded by sequences coding for putative anti-sigma factors . The 
biological functions of these new sigma factors and their activation are currently being 
investigated and their potential involvement in differentiation will be discussed. 
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A RESPONSE llliGULATOR-LIKE PROTElN CONTROLLU\'G SPORllLATION IN 

Streptomyces coelicolor. 

l. A_ Aínsa, H. D. P<:ury, G. H. Kelemen, M. J. Buttncr ancl K. f. Chater. 
John lnnes Centre, Norwich, NR4 7UH, UK. 

ln Streptomyccs spp. spomlation takes place in an acrial mycelium. During this 
proccss, the long multigenornic apical compartmems of ae.rial hyphae become 
subdivided by spe.cialized ~porulaLion scpta into unigenomic prespore 
comprutments. Si.x differcnt rcgulatory loci (the "e.arly" whi genes) are needed for 
nonnal sporulation seplation 1

• Herc wc describe the molecular analysis of one of 
thcsc: genes, whil. PrevioLL'i sludies havc indicated that the whil gene may act at an 
stage immccliatcly befare sporublion scptation. Like the other early ·vvhi genes, it 
is necc:ssary for the expre.ssion of ccrtainlate spomlation genes whíE and sigF2

• 

Cosmicls capabk of complementing whil mutants were identificd from the S. 
cuelicolor ordered cosrnid library. Furthcr subcloning and th(: upcoming sequence 
daLa from the S. coelicolor genome projec~ allowed us to identify the whil gene. 
It eucode.s a member ofthe response-regulator family of proteins. However, unlike 
many proteins of this kind, whil is not adjacent to a gene for a lústidine protein 
kinasc, and it lacks two of the four lúghly conserved residues that make up a 
typicaJ phosphorylation pocket in these protcins, raising questions about whethcr 
it is regulated by something other that phosphorylation. Among other known 
proteins, one of thc most similar to \Vhil is RcdZ, a transcriptional activator of 
redD, which in turn activates undecylprodigiosin antibiotic biosynthesis in S. 
coelicolo~- lnterestingly, RedZ also lacks a typical phosphorylation pocket. Thc 
detenr.inat:ion of the transcription staJi site of whil has identified a promoter whosc 
sequence matches promoters that depend on the sporulation-specific si&rma factor 
encoded by another early whi gene, whiG. This has bcen further confirmed by in 
vitro transcript1on analysis using pwificd Gw~o•c. 

Referenc-:es: 1) Chater, 1993. Aon. Rev. Microbiol. 47: 685-713. 2) Kelemcn ct al, 
1996. MoL Microbio!. 21:593-603. 3) Redenbach et al, 1996. Mol. Microb_ 21: 
77-96. 4) The Sanger Centre, http://www.sanger.ac.uk/. 5) Gunthrie eral, 199R. 
Microbiology, in press . 
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Transcription requirements for Gearl>ox promoters. 

Manuel Ballesteros', Shuichi Kusano2
, Akira lshihama2 and Migel Vicente'. 

1 :Departamento de Biología Celular y del Desarrollo, Centro de Investigaciones 
Biológicas (CSJC). Madrid . SPAIN. 

2: Department of Molecular Genetics. Nationallnslitute of Genetics. Mishima. JAPAN 

Gearbox promoters have becn defincd as those which yield a constant amount 

of gene product per cell and per cell cycle at any growth rate, so that their activity is 

inversely growth-rate dependen!. Peculiar -lO and -35 regions has becn proposcd to be 

present in these promoters. In principie several promoters may conform to the 

definition of Gearbox promoters: ftsQlp, boLAlp, mcbAp, sspAp or rmfp. Among 

these, onlyftsQlp and bo/Alp are RpoS-dependent promoters. 

bo!Alp, which has becn up to now the typical example of a Gearbox prometer, 

panicipates in the control of expression of the bolA morphogene and il is efficiently 

transcribcd in vitro by reconstitutcd RNA polymerase holoenzyme containing RpoS 

(as) as well RpoD (cr0
) sigma factors. 

ftsQJ p is localised within the ddLB gene, immcdiately downstream from the 

Housekeeper ftsQ2p prometer, and panicipates in the transcription of the essential cell­

division genesfrsQ, A and Z. 

The most potent promoters in the ddlB-ftsA region have becn analyscd for 

¿-dependen! transcription. Only ftsQJp was found to be transcribcd in vitro by RNA 

polymerase holoenzyme couplcd to ¿(U). This dependency on ¿ was also found in 

vivo when single copy fusions to a reponer gene were analyscd in rpoS and rpos+ 

backgrounds. Although ftsQlp can be transcribcd by RNA polymerase containing 

either cr0 or crs there is a preference for U when the assay condilions includcd 

potassium glutamate and supercoilcd templates, a property sharcd with the bolAlp 

Gearbox prometer. The rest of the promoters assayed, ftsQ2p and jtsZ2p3p4p, 

sirnilarly to the control boLA2p prometer, were preferentially transcribed by Ecr0
, the 

housekeeper polymerase. The ftsQlp and the boLAlp promoters also share the 

presence of A-T rich sequences upstream the -35 region, and the rcquirement for an 

intact wild type a subunit for a proficient transcription. 

We conclude that ftsQlp and boLAlp share important regulatory propcrties 

with a common molecular background and we propose to restrict the clan of Gearbox 

promoters to those that may behave in a similar fashion. 
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Mutational analysis of the rpoN gene cluster m 
Pseudomonas puLida 

Ildefonso Cases José Pérez-Martín and Víctor de Lorenzo. Centro 
Nacional de Biotecnología CSIC, Campus de Cantoblanco 28049 Madrid, Spain 

The DNA sequence of the genornic region downstrearn the 
rpoN gene of Pseudomonas pulida , which codes for the alternate 
sigma factor cr54, has revealed the existence of four open reading 
frarnes . The sequence and arrangernent of these four ORFs is 
conserved in other grarn negative bacteria , such as E. coli, K. 

pneumoniae, and others . Mutations in these genes have been 
reported to affect the activity of sorne cr54 dependent prornoters or 
more indirectly, sorne cr54 related function s. We were interested in 
determining the possible role of these genes in the activity of the 
cr54_dependent prornoter Pu , which drives the transcription of the 
genes required for the catabolisrn of toluene in Pseudo monas 
pulida . This promoter is tightly regulated by culture conditions; it is 
silenced during exponential growth in rich mediurn and further 
repressed by sorne additional carbon sources as glucose. Non-polar 
insertion mutants in these four genes were engineered and the 
phenotype regarding Pu expression was studied . None of the 
insertions affected exponential silencing, and two of them rendered 
no apparent phenotype in any of the condition studied. However, 
insertions in the ptsN and ptsO genes, rnodified the expression of P u 
in response to additional carbon sources. While the ptsN mi n u s 
strain had lost repression by glucose, the insertion in the ptsO gene 
rendered low levels of Pu expression both in repressive or not 
repressive conditions, in a phenotype that seerned syrnrnetrical to 
that produced by the pts!'{ knockoul. These results suggest a new 
mechanisrn of carbon re pression in Pseudornonads, that, given the 
similarity of ptsN and ptsO with different enzymes of th e 
phosphoenolpyruvate: sugar phosphotran sfera se s ys tern (PTS ) . 
could involve a phosphotransfer chain . 
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SEQUENCES IN o" THAT DETERMINE HOLOENZYME FORMATION 
AND PROPERTIES. 

Sigma subunits of bacteria! RNA polymerases are closely involved in many steps of 

prometer specific transcription initiation. The specialised sigma-N (d') protein is needed for 

cnhancer-dependent transcription, and the d' holoenzyme binds rare promoters in a 

transcriptionally inactive form . To begin to define the d' interface with core RNA polymerase. 

sequences of d' important for binding core RNAP have been determined. Purified partial 

sequences of d' were prepared and assayed for retention of core binding, and two discrete 

fragments of d' which bind the core but differ significantly in affinity for it , were identified . 

The low affinity segment of d' included Region 1 sequences, an amino terminal part of d' 

which mediales gene activation, and the higher affinity site is within a 95 residue fragment of 

Region Ill. It appears that the high affinity determinan( allows the lower affinity containing 

sequence Region 1 to make effcctive contact with core RNAP, and we propase that the core to 

Region 1 contact mediales the transcription inactivity of the d' holoenzyme closed complex. 

Heparin is a recognised inhibitor of closed complex formation at promoters binding the 

d' holoenzyme. The heparin sensitivity of the d' holoenzyme and associated closed prometer 

complexes is shown to result from dissociation of d' and core, a reaction occuring 

independently of promoter DNA. The heparin resistance of open promoter complexes is 

suggested lo result from an altered d'-core-DNA interaction. 
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Transcriplional activalion by bending of DNA 

Sylvie Déthíollaz, Palrick Eíd1enberger, Manuel Engelhom & Johannes Geiselmann 
Laboratoíre du Controle de l'Expression Génique; Universíté Joseph Fourier; 460, ruede la Piscine, 
CERMO; BP 53 X; F-3804! Grenoble Cedex 9; France 

1l1e cAMP receptor protein (CRP) of Escherichia coli activates the transcripl.ion of many genes by 
binding lo a spccific si te upstream of the promoter. We have studied a series of derival.ivcs of lhc ma!T 
pro moler whcre the CRP binding si te is placed al variable distanccs upstream. Whcn CRP is el ose to the 
pro moler ( cenlered al aboul -60) acl.ival.ion of transcription is broughl aboul by direcl contacts wilh RNA 
polymerase. Fine adjustrncnts of the posilion around -60 allow eitl1er tl1e downstrcam or upstream 
activating rcgion 1 (ARI) of CRP lo inleracl wilh RNA polymerase. 1l1e mechanism of transcriptional 
activation rclies mostly on indirect interactions betwcen the DNA upstream of lhe CRP binding si le and 
the back of RNA polymerase when CRP is bound furt11er upstrean1. 1l1csc contacts are favored by the 
DNA bend that accompanies tl1e binding ofCRP to DNA. We show by kinelic UV-Iaser footprinting that 
tl1ese far-upstream contacts serve mainly to accelerale promoler escape. 
A heterologous protein, IHF, wlúch bends DNA lo a similar degree as does CRP, activates transcription at 
our model promolers solely by DNA bending. We have isolaled and characterized severa! mutants of IHF 
possessing an up to ten-fold increased activation potential. AU ofthern possess a reduced DNA-bending 
angle cornpared to wild type IHF. We conclude tl1at transcripl.ional actival.ion by IHF can be maxinúzed 
sirnply by optirnizing tl1e DNA bend induced by tlús protcin. 
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Shigella and enteroinvasive F..scherichia culi (EIEC) cause disease in humans by a similar 
complex mechanism of pathogenicity requiring the environmentally-controlled expression of 
genes located on the chromosome as well as on a large virulence plasrnid (piNV). The 
expression of plasrnid-bome virF, which encodes a transcriptional regulator belonging to the 
AraC farnily, is required to initiate a cascad e of events eventually resulting in the activation of 
severa! operons coding for invasion functions. In this article, we demonstrate that H-NS, one of 
the main proteins associated with the nucleoid of enterobactericeae, controls the temperature­
dependent expression ofthe virulence genes by repressing the in vil'o transcription ofvirF only 
below a critica! temperature (approximately 32°C). This tcmpcraturc-dependent transcriptional 
regulation has been reproduced in vitro and the targets ofH-NS on the virF promoter have 
been identified, by in vitro and in vivo footprinting experiments, as two sites centered around -
256 and -1 from the transcriptional start and separated by an intrinsic DNA curvature. H-NS 
was found to bind cooperatively to these two sites bclow 32°C, but not at 37°C and DNA 
supercoiling within the virF promoter region did not influence H-NS binding. DNA supercoiling 
was found to be necessary, however, for the H-NS-mediated transcriptional repression. 
Electrophoretic analysis ofthe intrinsic curvature ofDNA fragments derived from the 1•irF 

promoter between 4°C and 60°C showed that the fragmcnt comprising the two H-NS binding 
sites undergoes a specific and temperature-dependent conformational transition at 
approxi.mately 32°C. Our results suggest that this modification ofthe DNA target may modulate 
a cooperative interaction belween H-NS molecules bound at two distanl sites in the virF 
promoter region and thus represent the physical basis for the H-NS-dependent thennoregulation 
of virulence gene expression. 

¡; 
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Mechanism oftranscription activation by the E. coli Ada protein. 

TI1e Ada protein cw•Ada) activares transcription from threc Escherichia coli promoters: 

ada, aidB anda! kA. At the ada and aidB promoters, meAda binds ben.veen 60 and 40 base 

pairs upstream from the transcr;ption start. Tbis region is also a bi.nding site for the C-

terminal domain of the a subunit of RNA polymerase (aCTD); deletion of o:CTD 

severely decreases ""Ada-independent binding of RNA polymcrase toada and aidB and 

affects transcription initiation at these promoters. However, meAda activates transcription 

by protein/protein interaction with negatively charged residues in the the C-tenninal 

domaio of RNA polymerase cr70 subun.it ( cr'°CTD). The target of Ada activation appears to 

be different at the allcA prometer, where Ada is able to recru.it o:CTD to the prometer and 

to interact with positively charged arnino acids in o.7°CTD. Thcse differences in the 

mechanism of Ada activation are consisten! with difterent architectures displayed at the 

Ada-dependent promotcrs. 
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Veterinaria , Universidad Complutense de Madrid, 28040 Madrid, Spaín. 

The Streptococcus pneumoniae MaiR protein regulates the transcription of two 
divergent promoters, malXCO and ma/MP, involved in maltosaccharide uptake 
and utiiization, resped.iveiy. MaiR belongs to the Laci-GaiR family of 
transcriptional repressors (1 ). 
The similarities between MaiR and the other members of this family spans 
mainly through a helix-tum-helix motif, involved in DNA binding. 
MaiR has been purified and its function as a transcriptionai repressor has been 
analyzed . The protein binds specifically to two operator sequences in the 
intergenic region between mafXCD and ma!MP operons. The affinity of MaiR 
for the ma/MP binding sequence is higher than for the mafXCO site . 
The binding consensus sequence in mafXCD and maiMP regions has been 
also detennined (2). The operator recognition sequences is very similar in both 
operons. Only a weak difference is deted.ed at the 3 'end. This slight difference 
could explain the MaiR differential affinity for both operators. These MaiR 
recognition sequences are located, in both operons, very dose to the start site 
of transcription. 
The binding consensus sequence for MaiR is a sequence closely related to that 
recognized by others members of the laci-GaiR family (3). This homoiogy is 
more obvious for PurR, suggesting a common mechanism for DNA interadion. 
In that sense, a MaiR molecular modeling by replacement of PurR aystal 
strudure have been performed. The model showed a good fit between both 
repressors spedally in the DNA binding domain. 
Ul<e others members of the Laci-GaiR family . the binding to its recognition 
sites should be abolished when an inductor molecule is present (4). The effect 
of different sugars on MaiR DNA binding to its targets was analyzed. In the 
presence of maltose the MaiR ONA bínding is dramatically reduced. Under 
these conditions, MaiR could change from active to inactive form, by 
interadion with the inductor molecule and the expression of the strudural 
genes is switched-on. 
The transcñptional repressor adivity of MaiR has also been identified in E.coli 
cells using transcñptional fusions of ma!XCD and ma/MP operators regions 
with reporters genes (2). 
Besides. we hope to get aditional and complementary information about MaiR 

protein by the characterization of the available MaiR mutants, Rc(constitutive 
mutants) and R" (non indudble mutants). In the former the expression of ma!M 
is constitutive whereas in the latter the expression of maiM is very low in any 
condition of growth (S). 
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We are also trying to investigate in more detail the mechanism of regulation by 
MaiR protein. Preliminary results suggest a competition between RNA 
polymerase and MaiR for its targets in the DNA andlor by the induction of a 
complex srtucture in the DNA which could prevent the binding of the RNA 
polymerase to its target. 

(1) Puyet A., lbañez M. and M.Espinosa (1993) J. Biol. Chem. 268, 25402-
25408. 

(2) Nieto C. , Espinosa M. and Puyet A (1997)J. Biol. Chem. 272, 30860-
30865. 

(3) Schumacher M.A., Choi K Y., Zalkin H. and Brennan R.G. (1994) Science 
266, 763-770. 

(4) Lewis M., Chang G., Hartan N.C., Kercher M.A, Pace H.C., Schumacher 
M.A., Brennan R.G. and Lu P. (1996) Science 271, 1247-1254. 

(S) lacks S.A. Genetics (1968) 60, 685-706. 
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Under nitrogen-limiting conditions, soil bacteria of !he genera Azorhizobium, 
Bradyrhizobium, Rhizobium and Sinorhizobium (collectively called rhizobia) form symbiotic 
associations with leguminous plants. As a result, infectious rhizobia penetrate the root­
cortex and invade specialised root structures called nodules. Within the nodule cells, the 
bacteria enlarge and differentiate into nitrogen-fixing bacteroids. Symbiotic specificity varies 
from rhizobia which are devoted to one or a few legumes to Rhizobium sp. NGR234 which 
nodulates more than 110 genera of legumes (S.G. Pueppke and W .J. Broughton. 
unpublished). In NGR234, most of the symbiotic determinants are carried by pNGR234a, a 
plasmid of 536 kb (1). lts complete nucleotide sequence revealed 416 open reading frames 
(orfs} of which, 139 have unknown functions (2). As befit a curable extrachromosomal 
replican, no genes essential to transcription, translation or primary metabolism were found. 
Most loci involved in nitrogen fixation (nif, and fix) are dustered between nucleotides 
433,000 to 489,000, whereas nodulation genes (nod, no/ and noe) are found in several 
regions dispersed throughout pNGR234a. Although the mechanisms behind regulation of 
nod-gene expression are highly variable, they all require the nodD-gene(s) (3). NodO 
proteins belong to the LysR family of transcriptional activators, and bind to specific 
sequences (nod-boxes) in the promoter regions of flavonoid-inducible nodulation genes. 
Sequence analysis revealed 17 nod-boxes, as well as 15 NifA-<Js.c consensus sequences 
involved in the regulation of nif, and fix genes. In order to analyse !he expression of all !he 
predided orfs, the complete nucleotide sequence of pNGR234a was divided into 441 PCR 
products designed to represen! coding as well as intergenic regions. These templates were 
probed with radioadively labelled-RNA prepared from bacteria! cultures grown under 
various experimental conditions, as well as from bacteroids found in determinate and 
indeterminate nodules. These results which represen! the first high resolution transcription 
map of a large rhizobial replican, are summarised in a colour coded figure. Generally, time 
of expression correlates well with the presence of known regulatory sequences. 
lnterestingly, many genes of insertion (IS) and transposon (Tn) like sequences are strongly 
expressed in all conditions tested, and many loci other than known nod, nif, and fix are 
shown to be transcribed under symbiotic conditions. 

References: 
1. Broughton WJ, Heycke N. Meyer z AH and Pankhurst CE (1984) Proc. Natl. Acad. Sci. USA 81. 

3093. 
2. Freiberg e, Fellay R, Bairoch A, Broughton WJ, Rosenthal A and Perret X (1997) Nature 387, 394. 
3. Fellay R, Rochepeau P, Relic' B and Broughton WJ (1995) in Pathogenesis and Host Specificity in 

Plan/ diseases (U.S. Singh, R.P. Singh, and K. Kohmoto. eds; Pergamon, Oxford) pp.199-200. 

Instituto Juan March (Madrid)



81 

MECIIANISMS OF 13ACTERIAL RESISTANCE TO IIOST DEFENSE I'ROTEINS 

LÓPEZ-SOLANILLA, E., GARCÍA-OLMEDO, F. AND RODRÍGUEZ-PALENZUELA, P 

Dcp. 13iotcchnology. 
E.T.S.Ingenieros Agrónomos, UPM . Av.Complutense 
28040 Madrid, Spain. 

flackground and objcctivcs 
An cffcctive defense mcchanism against invading pathogens, shared by plants and animals, is 
mediated by small cationic proteins, as cecropins, magainins and defensins from animals, and 
thionins and snakins from plants. These proteins exert a tox.ic action against bacteria, possibly 
through the alteration of membrane permeability. The role of antimicrobial peptides in 
pathogenesis has been highlighted by the observation of increased susceptibility to infection in 
Drosophi/a mutants affected in their synthesis, but no such evidence is available with respcct to 
plan! peptides because appropriate plan! mutants with decreased peptide levels have not yet 
been obtained. An alternative line of evidence about the role of antimicrobial peptides is based 
in the production of peptide-sensitive mutants ofthe pathogen. The hypothesis that the peptides 
are in volved in defence would be supported by a decrease of virulence in this type of mutants 
lndeed, in the animal pathogen Salmonel/a typhimurium, both rough lipopolysaccharide (LPS) 
mutants and sapA-F mutants, which show increased sensitivity to antimicrobial peptides (sap 
stands for ~e nsitive to ªntimicrobial neptides), have reduced virulence, suggesting that 
resistance to host peptides has a direct role in Salmonel/a pathogenesis [I]. Similarly, we have 
previously found that thionin- and L TP-sensitive mutants of Ralstonia (Pseudomonas) 
solanacearum were both altered in their LPS structure and are avirulent in tobacco (2]. 
Erwinia chrysanthemi, is an economically importan! phytopathogenic bacterium that causes 
soft-rot diseases in a wide range of crops. Little is known about the mechanisms that enable E. 
chrysanthemi to resist the action of antimicrobial agents from the plant host. Although 
S.typhimurium and E.chrysanthemi have very different pathogenic behaviour, the fact that they 
are phylogenetically related and that antirnicrobial peptides occur in their respective animal and 
plant hosts lead us to investigate the possible role of the Sap system in plant-pathogen 
interactions. 

Results and conclusions 
The sapA-F ~ensiti ve to ªntirnicrobial ¡¡eptides) operen from the pathogenic bacterium 
Erwinia chrysanthemi has been characterized. It has five ORFs that are dosel y related (71% 
overall arnino acid identity) and are in the same order as those ofthe sapA-F operen from 
Salmonella typhimurium. An E. chrysanthemi sap mutant strain, BTI 05, was obtained by 

marker-exchange. Mutant BTI05 was more sensitive than the wild type to wheat a-thionin and 
to snakin-1 , the most abundan! antirnicrobial peptide from potato tubers. Mutan! BT 105 was 
less virulent than the wild type in potato tubers: lesion area was 37% of control and growth 
rate was two orders of magnitude lower. The magnitud e ofthe effect of sapA-F inactivation on 
virulence in potato tubers and chicory leaves was greater than the effects of mutations 
affecting the pe/ operan and the Hrp system in the same pathogen. 
These results indicate that the interaction of antimicrobial peptides from the host with the 

sapA -F operan from the pathogen plays a similar role in animal and in plan! bacteria! 
pathogenesis. They also show that this operen is importan! for the pathogenicity of E. 

chrysanthemi. 

References 
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GASP PHENOTYPE IN ENTEROBACTERJA 
Est~ban ,._1artíot:z., Ignacio Barquero aod Aotonio Tormo 

We havc studied the GASP (Growth Advantage in Stationary Phase) phenotype in 
severa! enterobacteria. Age<l eells in stationary pbase can displace yotmg cells from the 
culture. Aging involvcs genetic cbanges. The rpoS gene has bcen described lo be involved 
in this process. In fact, certain down mutation in this gene give the cell a GASP pbenotype. 

Our rcsults show that several genus of bacteria also preseol this phenotype. We 
ha ve studied tlli~e . Two o[ them, Enrerobacter c/oacae and Shigella dysenreriac, present 
tbe rpoS gene and tl1e GASP phenotype. We bave isolated and sequenced the rpaS gene 
from young (wild) and aged E.c!oacae. They dilfer in one point mutation that changes 
glutanúc acid in positioo 215 in the wild RpoS protein into a lysine in the age<l 
E.cloacac . 

We ha ve also studied the prescnce of the GASP phcnotypc in rpoS-less bacteria 
such as Providcmia stuartii. llús bacteria also presents tlús phenotype indicating that 
thcre can be severa! pathways lcading to tlüs phenotype. 

It is interesting to point out the implications that tlús bchaviour can have. 
Mutations in this gene can make bacteria to be able to displace other straios from the 
me<iium in which they coexist. Besides, patbogenity has been related, in several bacteria, 
to a wild rpoS gene. Also this gene make the cells stress resistan! during stationary phase. 
It is therefore possible to construct GASP strains that would also be non pathogenic and 
stress sensitive. llús strains could be use<l as a bacteria! too! in controlling the presence 
and displacement of other bacteria. 

",.--------------~ 

-. 
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Tn4371 is a 55 kbp long catabolic transposon which encodes enzymes that catalyse the 

c.omplete degradation of biphenyl and 4-chlorobiphenyl (BP/4CBP). 1t provides Alca!igenes 

eutrophus!Ralstonia eutropha strains (e.g. Hl6 and CH34) with the ability to use biphenyl as 

a carbon and energy source. Expression of the bph genes is activated 2 fold by biphenyl and 

was found to be blocked in an H16 strain which carries an rpoN mutation. The Of34 rpoN 

gene was cloned and found not to complement sorne of this Hl6tpaN defects. Sequencing of 

the CH34 rpoN operon revealed the presence of genes which differ from those present 

around me rpoN gene in other strains. 

Characterisation of the main Tn4371 bph prometer, which drives the synthesis of an 11 KB 

mRNA, showed that it has the characteristics for recognition by o70. Nevertheless 

CH34rpoN/Tn4371 does not grow nonnally with biphenyl as the sole carbon and energy 

source suggesting that o54 control over bph gene expression is indirect. Experiments are in 

progress to determine which genes involved in biphenyl degradation are transcribed by o54-

RNA polymerase. 
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The expression of virulence genes in the Gram-positive, facultative intracellular pathogen 
Usteria monocytogenes is subject to positive control mediated by the pleiotropic regulator 
protein PrfA, enroded by prfA, a gene of the hly pathogenicity island. PrfA binds via a helix­
tum-helix (HTH) motif located in its e-terminal region to target DNA sequences of dyad 
symmetry called PrfA-boxes. These PrfA-boxes are 14 bp-long and centred at position -41 
relative to the transcription start site in PrfA-dependent promoters. prfA is autoregulated by 
positive feedback mediated by a PrfA-dependent prometer. 

Transcriptional activation of prfA requires a temperature of 37°C, similar to that of the 
mammalian host. However, this is not sufficient for full expression of prfA and PrfA-dependent 
virulence detenminants, which also requires that L. monocytogenes senses at the same time an 
adequate composition of the extracellular medium. This probably represents a fail-safe 
mechanism devised by L. monocytogenes to preven\ the expression of virulence genes when 
these are not required, for example when the bacteria are outside an appropriate host niche. 

PrfA shares substantial sequence similarity with CRP (CAP) from Escherichia coli, 
suggesting it might be functionally related to the members of the CRP/FNR superfamily of 
bacteria! transcription factors. In our laboratory in Madrid we have recently identified prfA • 
mutants from L. monocytogenes, providing for the first time a dear hint on the possible 
functional relatedness between PrfA and CRP. Mutatis mutandi, these prfA • strains were 
analogous to crp• mutants in that they overexpressed PrfA-dependent genes, induding prtA 
itself, under culture conditions where the PrfA regulen is nonnally downregulated. These prfA • 
mutants canried a Gly145Ser substitution that dramatically increased the binding affinity of PrfA 
for its target DNA site. lnterestingly, the mutation was in a PrfA stretch of eleven aminoacids 
showing a high degree of sequence similarity (70%) with the O cx-helix of CRP. In this region, 
severa! crp• mutations map in E. coli that allow CRP lo function in the absence of cAMP, the 
cofactor required for its allosteric activation. A well characterized CRP* mutation that 
presumably mimics the confonmational change induced by the cofactor, Ala144Thr, locales in 
the aligned proteins atthe very same position of our PrfA mutation. 

Based on these observations, we hypothesize that PrfA might function through a 
cofactor-mediated allosteric transition mechanism similar lo thal of CRP, and that the 
Gly145Ser mutation represents a cofactor-independent PrfA • fonn that is "freezed" in an active 
confonmation. Two typical features of CRP are particularty well conserved in PrfA. One is the 
HTH motif in the e-terminal region, for which the functional homology between the two proteins 
has been already documented. The other is a series of short antipartlelfl-strands separated by 
glycine residues, which may fonm a p-roll structure spanning a significan! portion of the N­
terminal half of the protein. The prediction of such a structure in PrfA is very intriguing since in 
CRP it forms the pocket where the activatory cofactor cAMP is buried in the N-terminal doma in 
of the protein , but cAMP is not present in detectable amounts, and is not known to function as 
an effector molecule in tow G+C Gram-positive bacteria. In fact, most residues that are 
importan\ in CRP for cAMP binding are not conserved in PrfA and addition of exogenous cAMP 
did not result in PrfA regulen activation. However, conformational studies perfonmed with the 
extrinsic fluorescence probe 8-anilino-1-naphtalenesulfonic acid (ANS) revealed that addition 
of cAMP to purified PrfA produced a fluorescence quenching equivalen\ to that 
characteristically shown by CRP. This suggests that the putative activatory cofactor of PrfA 
might be a cyctic nucteotide similar to cAMP. We are actively working in the identification of 
this hypothetic PrfA cofador and in the genetic characterization of the signa! transduction 
system that connects the PrfA transcriptional system with the extracellular environment. 
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Stationary-phase induction of dnaN, dnaN* and recF, three genes of Escherichia coli 

involved in DNA replication and repair 

Magda Villarroya, Ignacio Pérez-Roger, Fernando Macián arid M. Eugenia Armengod 

The ~ subunit of DNA polymerase III holoenzyme, the E. Coli chromosomal 

replicase, is a sliding DNA clamp responsible for tethering the polymerase to DNA and 

endowing it with high processivity. The gene encoding for ~. dnaN. maps between dnaA 

and recF, which are involved in initiation ofDNA replication at oriC and resumption of 

DNA replication at disrupted replication forks, respectively. Moreover, dnaN contains 

an interna! in frame gene, dnaN*, which may be involved in a DNA recovery process. 

In exponentially growing cells, dnaN and recF are predominantly expressed from the 

dnaA promoters. However, we have found that stationary-phase induction of interna! 

promoters drastically changes the expression pattern of the dnaA operan genes. The 

induction of the dnaN and dnaN* promoters, but not that of the recF promoters, is 

dependent on the stationary phase cr factor, RpoS. Interestingly, activity of terminators 

controlling transcription initiated at the recF promoter increases concomitantly to the 

growth curve. Consequently, recF expression is mediated by the dnaN promoters in 

starved cells. In contrast, dnaN* expression depends largely on its own promoter due to 

a probable occlusion of its ribosome binding si te on dnaN transcripts. Studies with lacZ 

translational fusions indicate that the stationary-phase-induced levels of ~· and RecF 

are much lower than those of ~ beca use of extensive translational regulation. Our results 

suggest that E. Coli cells have evo! ved stationary-phase-dependent mechanisms in order 

to coordinate expression of dnaN, recF and dnaN* independently of the dnaA 

regulatory region. These mechanisms might be a part of a developmental program 

aimed to maintain DNA integrity under stress conditions. 
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61 Workshop on Oxygen Regulation of 
Ion Channels and Gene Expression. 
Organ izers : E. K. Weir and J . López­
Barneo. 

62 1996 Annual Report 

Instituto Juan March (Madrid)



63 Workshop on TGF-P Signalling in 
Development and Cell Cycle Control. 
Organizers: J . Massagué and C. Bemabéu. 

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

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

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

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

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

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

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

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

72 Workshop on Plant Morphogenesis. 
Organizers: M. Van Montagu and J . L. 
Mico l. 

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

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

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

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

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

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

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

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

82 Workshop on Wiring the Brain: Mecha­
nisms that Control the Generation of 
Neural Specificity. 
Organizers : C. S. Goodman and R. 
Gallego. 
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The Centre for Intemational Meetings on Biology 
was created within the 

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

which complements the cultural work 
of the Fundación Juan March. 

The Centre endeavours to actively and 
sistematically promote cooperation among Spanish 

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

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

From 1989 through 1997, a 
total of 109 meetings and 9 

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

were organized within the 
scope of the Centre. 
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The lectures summarized in this publication 
were presented by their authors at a workshop 
held on the 11 rh throug h the 13111 of J une, 1998, 
at the Instituto Juan March. 

All published articles are exact 
reproduction of author's text. 

There is a limited edition of 400 copies 
of this volume, available free of charge. 


