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P R O G R A M M E 

Honday, June 15th 

Opening remarks: H. Salas. 

Chairperson: C.A. Gross. 
!1. J. Chamber lin- Structural studies of RNA polymerase complexes 

formed during RNA chain initiation and 
elongation. 

w. Chul Suh 

H. Rujard 

K. Sc:hn0f:z 

- Kinetic and structural evidence for Hc}
1
-driven 

conversion of open complexes (RP01 +"'3Hc}
1 
-*RP01J 

on__
1
lhe pathway t~ transcription initiation by 

Eu RNA polymerase. 

- Sequences involved in the activation of E. coli 
promoters. 

- Why is the promoter of the bgl operan cryptic 
in the wild type? 

R. Diaz Orejas- Transcriptional regulation of repA, the gene of 
the Pseudomonas plasmid pPSlO replication 
protein. 

C.A . Gross 

K.L. Brown 

P . Stragier 

M.S. Thomas 

Poster Session. 

Cl1airperson: H. Bujard. 
- Polypeptides containing highly conserved r~­

gions of transcription initiation factor &" 
exhibit specificity of binding to promoter DNA. 

- Isolation and characterization of the majar 
vege tative RNA polymerase of Streptomyces 
coelicolor A3(2); renaturation of a sigma sub­
unit using GroEL. 

Regu.lation of gene expression during 
sporu.lation in Bacillus subti.lis . 

- The role of the ~ subunit of E. coli RNA poly­
merase in transcription - a genetic analysis. 

Tuesday, .Tune 16th 

R.L. Gourse 
Chairperson: S. Busby. 

- Upstream activation of ribosomal RNA trans­
cription in E. coli. 

L.B. Rothman- - The pathway of N4 virion RNA polymerase-
Denes promoter recognition. 

H. Sala s - Control of bacteriophage ~29 DNA transcrip­
t .ion by the regulatory protein p4. 
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R. Schleif 

S. Kustu 
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- Contortions, distortions and positions of Arac. 

Poster Session. 

Chairperson: R. Schleif. 
- Prokaryotic enhancers and enhancer-binding 

prote.ins. 

V. de Lorenzo - Concerted regulation of the a51-dependent Pu 
promoter of TOL plasmid through upstream 
sequences responsive to multiple signals. 

E.P.Geiduschek- Action at a peculiar prokaryotic enhancer. 

T. Owen-Hughes- The role of the nucleoid associated protein 
H-NS in osmotic induction at the proU promoter 
of Escherichia coli and Salmonella typhimurium. 

Wednesday, .Tune 17th 

Chairperson: L.B. Rothman-Denes. 
R.H. Ebright - Transcription activation by CAP: Identifica­

tion of the activation surface and analysis 
of interaction with RNA polymerase. 

S. Busby - Molecular interactions during transcription 
activation by the E. coli cyclic AMP receptor 
protein and FNR. 

S. Adhya - Positive control of transcription initiation 
by cAMP-CRP i n lac promoter of E. coli. 

A. Kolb - Interactions between RNA polymerase and CRP 
in open complexes at the lacPl and galPl 
promoters: Use of mutated proteins. 

P. Va.lentin- - lle t:erologous cooperativ.ity: The cAMP-CRP/CYTR 
lfilnt:f~n ruu~lrn¡,rot . nin t .•omplr.x in E. enl i. 

M. Espinosa 

P. Ostrovsky 
de Spicer 

J. Roberts 

Poster Session. 

Chairperson: S. Kustu. 
- Features of the transcriptional repressor 

RepA, encoded by the promiscuous plasmid pLSl. 

- Regulation of proline utilization in Salmone­
lla typhimurium: repression requires a nucleo­
protein complex formed by rhe repressor - a 
membrane associated dehydrogenase - bound to 
two operator sites, curved DNA and IHF. 

- Modification of RNA polymerase by the phage 
Lambda gene Q transcription antiterminator at 
the phage late gene promoter. 

Concluding comments. 
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STRUCTURAL STUDIES OF RNA POLYMERASE COMPLEXES FORMED DURING 
RNA CHAIN INITJATION AND ELONGATION 

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

Division o.f Riochemistry and Molecular Biology; University of California; Berkeley, CA 94720 
USA 

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

Complexes halted during transcription can undergo two unexpected and novel reactions. 
Some complexes rapidly lose the ability to resume elongation, entering a "dead end" state (Arndt 
and Chamberlin, 1990; Krummel and Chamberlin, 1992ab ). Sorne complexes undergo transcript 
cleavage at sites 2-10nt from the 3' terminus ofthe transcript, and rapidly release the resulting 3' 
terminal fragment (Surratt et al., 1991 ). The resulting 5'-terminal fragment remains bound in the 
ternary complex, and can then be elongated normally. Recent studies from the laboratories of 
Asis Das and Alex Goldfarb suggest that both dead end complexes and the transcript cleavage 
reaction are physiologically significan! reactions in E. coli. 

Instituto Juan March (Madrid)
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KINETIC ANO STRUCTURAL EVIDENCE FOR Mg2+-DRIVEN CONVERSION 
OF OPEN COMPLEXES (RPo1 +-3Mg2+ -4 RPo2) ON THE PATHWAY TO 
TRANSCRIPTION INITIATION BY Ea70 RNA POLYMERASE 

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

In vitro structural studies of open complexas involving Escherichia coli RNA 

polymerase and the A.PR prometer, using potassium permanganate, demonstrate the 

existence of two types of open complexas, RP01 and RP02, in which strand opening in 

RP01 {-10-12 base pairs) is less complete at both extremes than in RP02 {-14 base 

pairs). The conversion of RP01 to RP02 appears rapid under the conditions 

investigated. This conversion is strongly dependent on the presence of Mg2+ but 

weakly dependent on temperatura, indicating that uptake of Mg2+ is the primary 

requirement for the conformational transition of RP01 to form RP02. Analogous 

behavior is observad for the /acUV5 prometer. Kinetic studies on the A.PR prometer 

provide further evidence for the existence of at least two mechanistically-significant 

forms of open complexas . In this proposed mechanism the intermediate open 

complex, RP01 , takes up approximately 3 Mg2+ to form RP02. The overall mechanism, 

including the various steps at which ions are taken up to form closed or open 

complexas, is therefore 

3M~+ "· 
k1 k2 k3 .,.,~ 

R + P ~Pc1 ;:t RPc2 ~o1 +-'- RPo2 
k-1 \ k-2 k-3 \ k-4 
6Mg2+(or 12Na+) 4Mg2+(or 8Na+) 

Instituto Juan March (Madrid)
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Sequences Involved in the Actlvatlon of E.coli Promoters 
R. K.naus, M. Berlin, R. Lutz and H. Bujard 

ZMBH, University of Heidelberg 

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

Promoter aétivity or promoter strength is defined by the rate at which productively transcribing 
RNA ~lyn.lerases leave the promoter region in their "elongation state". Consequently each step 
preceeding·this event can in principie be rate limiting and thereby determine the strength of a 
promoter (~ig.) 

o .· 
"'"' Q @::@: ~ 
R+P ~ ~e~ [ro?l] ~ Rilo ~ IU'i ---7 rulN1Io1. 

Pathv<ay or RNA-polymcrase prometer lnternctlon. Upon encountering a prometer 
sequence RNÁ poly!lletnse forms n comple~ in which the DNA ls stillln n "closed" statc (R~t). 
By pa~ing thrpugh intermediare stntes (RPI) the "cpen" compltx (RPo) isestabllshcd In whtch 
"wetch of lO,io 15 bp ls meltcd . RPo is ossumed to rendily initiote RNA synt~esis {RP;). U~on 
a drastic conrprmotionol changc thc cnzyme clenrs thc prometer cn¡:o¡;,ed tn the elon&atton 
complex (RDNA,I) 

We have i9entified promoters which are limited in their function at different steps within the 
pathway ofpolymerase promoter interaction such as promoter recognition and fonnation of a 
first stable fomplex, various isomerisation steps Jeading to the open complex and clearance of 
the promotfr by an elongaúon complex. In a number of promoters sequence elements can be 
correlated with partial functions of the overall process of promoter RN A polymerase interaction 
and it tums out that sequences upstream as well as downstream of the core promoter (spanning 
from + 1, th~ transcripti.onal start si te, to -35) can play a decisive role in promoter function (for 
review see ref. 1). The functional program of a promoter can be optimized in different ways 
suggesting an adaption of a promoter to the mode by which its activity is regulated. Three 
prmotype promoters were investigated in more detail: 
- the unregulated promoter PN2S of virulent coliphage T5 Instituto Juan March (Madrid)
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- the negatively controlled promoter PL of coliphage A. 

- the positi~ely and negatively regulated P1ac of the E.co/i lac operon. 

Pms is a strong promoter itl vivo. H is recognized by RNA polymerase at an extremely· high 

rate (k¡= 3~1()8 M-1 s-1) and has a high homology score i.e. it resembles dosel y the con sen sus 

sequence derived from a collection of more than 100 promoter sequences. 

By constra$t Pt has a low homology score and is recognized about 30 times less efficiently by 

RNA polymerase since its core region is highly deoptimized for early steps of the 

promoter;RNA polymerase interaction. Thus, PL appenrs as a pnradigme for promoters which 

are tightly repressed in the "classical" mode i.e. RNA polymerase and repressor compete for 

overlappin' binding sites. Interestingly, when derepressed Pt is an even stronger promoter in 

vivo than PN25. This i~ l!'rgely due-to upstream sequences in which the ATAAAT motive plays 

a major rol~. This sequence motive though located around position -53 can drastically influence 

the rate of RNA polymerase binding. 

P1ac is recQgnized extremely inefficiently by RNA polymerase and can therefore be tightly 

repressed ~ the lac repressor. In presence of the cAMP/CRP activator it is convened into an 

effi.cient promoter which now cannot be as tightly repressed anymore as in its non-activated 

form. We have varied the Piacwt·sequence in severa! ways in particular by changing the site for 

activator binding and measured the activity of these prornoter variants in vivo in the presence 

and absence of cAMP/CRP as well as of AraC/arabinose (2) . Whereas both activators strongly 

stimulate transcription from P!acwt the different variants are activated to various extends. To 

examine w~ether these activators contribute to promoter recognition we have monitored their 

effect in vi~o al so in the repressed state, since the repression factor is indirectly proportional to 
1 

koN, the rate of complex formation between RNA polymerase and promoter (3). Our data 

suggest that both activators can increase the rate of prornoter recognition in vivo. In the context 

of Piac thisappears to be the major effect of activation. However, results with other promoters 

indicate that also late steps such as promoter clearance may be facilitated by the two activators 

studied. 

l. Kn~us, R. and Bujard, H. (1990) 
Pri~iples Goveming the Activity of E.coli Prornoters. 
In: ~ucleic Acids and Molecular Biology 4; Eds. Eckstein/Lilley, 
Sprmger Verlag, 110-122. 

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

3. L~er, M. and Bujard, H. (1988) 
Promoters largely detemúne the efficiency of repressor action. 
Proc.Natl.Sci. USA, 85, 8973-8977. Instituto Juan March (Madrid)
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Why is the promoter of the bgl operon cryptic in the wild type? 

Karin Schnetz and Bodo Rak, Institut für Biologie III , Universitat, 

Schanzlestr.l, D-7800 Freiburg, Germany, Phone: +49 761 203-2711, 

Fax : + 49 761 203-2745, E-Mail: Schnetz@sunl.ruf.uni-freiburg.de 

The prometer of the bgl eperen of E.coli is very weak causing crypticity of 

the operon in the wild type. lt is, however, activated by various types of spontaneous 
mutations (see Rak and Schnetz (1992)) . These are (i) transposition of mobile 

elements IS1 and ISS into the vicinity ef the prometer, (ii) point mutations improving 
the CAP binding site, and (iii) deletion of an upstream AT-rich regien. (iv) The 

operon is al so actívate in gyrase or hns (bglY, osmZ) hest mutanls. 

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

specific. 

Additional experiments revealed that inactivation of prometer activity is 
brought about by the concerted interaction of upstream and downstream bgl 
sequences: Promoter-silencing is releaved when an AT-rich sequence located upstream 
of the CAP binding site is deleted. It is also releaved when the whole promoter region 

(with the bgl promoter or its various substitutions) including the upstream AT-rich 
reglon is placed in front of the lac operon instead of the bgl operon . 

A model on the mechanisms of silencing as well as of prometer activation by 

the various mutations will be presented on the poster. 

Scbnetz, K. lUid B. Rak (1992) J.SS: a mobile enhanoer of lrlln$Cription in Escherichia coli" Proc. Natl. 
A~d. Sci. USA 89, 1244·1248. Instituto Juan March (Madrid)
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Transcrlptlonal regulation of repA, the gene of the Pseudomonas plasmld pPS10 
replicatlon protein. 
Darlo Garcfa de Viedma, Maria Jesús Ruiz-Echevarrfa, Rafael Giralda Suárez, Rudy Lurz• and 
Ramón O faz Orejas 
Centro de Investigaciones Biológicas del CSIC. Velazquez 144, 28006 Madrid. Spain. •Max 
Planck lnstltut for Molecular Genetics. lhnestrasse73. D-1000 Berlin 33, Dahlem, F.R.G. 

The RepA proteln of plasmid pPS10 has a dual function : lt prometes replicatlon from specific 
reglon of the plasmld, the origln of replication, and it ls a repressor of lts own synthesls (Nieto 
et al. J. Mol. Blol. 223, 415-426, 1992). lt ls thought that RepA lnteracts with the orlgin of 
repllcation In a reglon containlng four direct repeats of 22 bp (iterons). In thls communlcation 
we analyze transcrlptlon of repA and evaluate the RepA-DNA lnteractions that autoregulate 
expresslon of thls gene. 

We have determinad the 5'and 3' ends of the repA transcript. The prometer of repA has been 
defined to a 90 bp reglon. This region is adjacent to the origin of replication, can promote 
transcrlptlon of a lacZ reportar gene and contalns a preferential RNA-Polymerase binding sita . 
Sequence analysls identified In this region, and at the approprlate distance of the transcrlptlon 
lnltlatlon polnt, the -10 and -35 boxes of a typlcal a70 prometer. 

Transcrlptlon of the /acZ reportar gene driven by the repA prometer can be lnhlbited >80% by 
the RepA proteln In trans. Mutations In a sequence that shares homology with the lterons of the 
orlgln, and that ls located between the -1 O and -35 boxes of the prometer, preven! 
autoregulatlon mediated by RepA. Posslble lnteractions of the RepA proteln with the iterons of 
the orlgln or wlth a 11 bp sequence that precede the rapA gene and that shares homology with the 
lterons, do not have an effect in autoregulatlon. This lndicates that the RapA proteln 
autoregulates lts own synthesls at the transcriptlon inltiation leve! and shows that the mutated 
sequence ls either the main target for autoregulation or an essential part of it. 

Partially purlfled preparatlons of the RepA proteln are able to form speclflc complexas wlth a 
fragment that includes the orlgin of repllcatlon and the prometer of repA . Protectlon 
experiments lndicate that the RapA protein blnds to a 45 bp reglan that extends from the -1 O 
box of the prometer to the dnaA box of the origin of repllcatlon. This region contains two 
out-of-phase inverted repetitions of 6 bp. The sequence of these repetions is found in the 
iterons of the origin . Further analysis of RepA-DNA complexas suggests that RapA enters in this 
reglon In two stages: the flrst stage lmplles proteln-DNA lnteractions and the second one 
proteln-proteln lnteractions. The region protected by RapA alter thls second entrance ls similar 
in lenght to the one protected by the first entrence but the pattern of protection ls alterad and 
the protection seems to be stronger. The RapA proteln preparatlon lnteracts much more 
efflclently wlth the prometer of rapA that wlth the lterons of the orlgln. The lmpllcatlons of 
these findlngs for regulation of the pPS10 repllcon wlll be dlscussed. 

Thls work has been founded by Projects from the Spanlsh CICYT, 81088- 049 and 81091 -1055. 
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POLYPEPTIDES CONTAINING HIGHL Y CONSERVED REGIONS OF 

TRANSCRWfiON INITIATION FACTOR cr70 EXHIBIT SPECIFICITY OF 

BINDING TO PROMOTER DNA 

Caro! A. Gross, M. Thomas Record, Jr., Deborah A. Siegele, William A. Walter and 
Alicia J. Dombroski, Department of Bacteriology, University of Wisconsin, Madison, WI 
53706 

The cr70 transcription initiation factor of E. coli is required for sequence-specific 

recognition of promoter DNA. Genetic studies and sequence analysis has indicated that cr7° 
possesses two regions, referred to as regions 2 and 4, that recognize the two conserved 

portions of the prokaryotic promoter, the -10 and -35 hexamers. Purified intact cr70 

however does not bind DNA. We hypothesize that assembly of intact a10, with core RNA 
polymerase, is necessary to induce a conformational change that reveals its DNA binding 

domains. We have examined the question of whether cr70, in the absence of core RNA 
polymerase, is able to recognize and bind to promoter DNA by constructing a series of in­
frame fusions between glutathione-S-transferase (GST) and various partial polypeptides of 

cr70. The purified fusions were characterized in vitro using nitrocellulose filter binding 
assays. A fusion carrying conserved region 4 binds preferentially to ptac promoter DNA 
and shows specificity for the -35 consensus hexamer. A fusion carrying conserved region 
2, also prefers promoter over non-promoter DNA, and shows specificity for the -10 
consensus sequence. A fusion combining the predicted DNA binding portions of regions 
2 through 4 demonstrates specificity for both the -10 and -35 promoter sequences. 

Mutations in cr70, which confer altered promoter recognition phenotypes upon holoenzyme 
in vivo, were incorporated into a GST fusion and analyzed for binding specificity in 

vitro. Mutations RC584 (Arg to Cys at 584) and RF588 (Arg to Phe at 588) displayed 
the same promoter preferences in vitro as deterrnined for holoenzyme carrying the mutant 

cr70 in vivo . Longer fusions, containing progressively more of the amino terminal 
residues, became increasingly less capable of binding both promoter and non-promoter 
DNA. These results therefore support the genetic evidence for the participation of cr70 in 
promoter recognition and support an allosteric model whereby DNA binding ability is only 
conferrred when the amino-terminal segment of cr70 (amino acids 1-360) is deleted or 
assumes a conformation that unmasks the DNA binding domains. 
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ISOLA TION AND CHARACfERIZATION OF 1HE MAJOR 
VEGETATIVE RNA POLYMERASE OF STREPI'OMYCES 

COEUCOLOR A3(2); RENA11JRATION OF A SIGMA SUBUNIT 
USING GroEL, Mask Buttner, 1Kelly L. Brown, 2Steven Wood, 
1John Innes Institute, John Innes Centre. O>lney Lane. Norwich NR4 
7UH, UK and 2fkpartment of Crystallogmphy, Birlcbeck College, Malet 
Street. London WClE 7HX, UK 
The prometer region of the dagA gene is complex; it consisl:s of four 
distinct promotcrs with different -10 and -35 rngions. We repon the 
isolation of a form of RNA polymerase that medi.ates transcription In 
vitro from the dagAp4 promoter. The core components of this RNA 
polymcrasc in association with a polypeptide of ca. 66-kDa dircct 
transcription from the dagAp4 promoter; holoenzyme reconstitution 
experiments show t.iat the 66-kDa polypeptide functions as a sigma 
factor to direct transcriptiori from both the dagAp4 and v~g promoters in 
virro. Alignment of the DNA sequences of these two promoters shows 
they have bases in common at the -10 and -35 regions and these 
sequences are sinúlar to those observed for the major RNA polymerases 
of other bacteria. N-terminal amino acid scquence analysis of the 66-
kDa polypcptide revealed it to be the product of the hrdB gene. Previous 
experiments showed that the predicted amino acid sequence of the hrd.B 
product is very similar to major sigma subunits of othcr bacteria and that 
disruption of the hrdB gene is lethal. These observations together lead 
to the conclusion that we have isolated the major RNA pol}'lfterase of 
Streptomyces coelicolor A3(2}. 

· We ha ve developed an improved protocol for the renatutation of 
sigma factors that ha ve been isolated by preparative SDS-polya.crylamidc 
gel electrophor~sis. This method involves renaturing the polypeptide in 
the presence of the bacteria! chaperonin GroEL. We expect this protocol 
to find general application for renaturing other pol~ptides that have 
been subjected to SDS-polyacrylamide gel electrophoresis. 
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Regulation of gene expression during sporulation in Bacillus subtilis 

Patrick Stragier 

Institut de Biologie Physico-Chimique, Paris, France 

In response to nutrient starvation the soil bacterium Bacillus subtilis is 

able to start a developmental process which culminates with the release of a 

dormant spore. Sporulation involves the formation of two cell types, the 

forespore and the mother cell, that are created by an asymmetric septation 

which divides the bacterium in two unequal compartments. Differential 

gene expression in the two cells is govemed by the successive appearance 

of new sigma factors that are active only in one cell type. The overall 

process is schematized below. 
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The four cell-specific sigma factors, crF, crE, crG, and crK, are 

controlled at the level of their activity. lntricate mechanisms delay the 

appearance of these sigma factors in active form and coordinate gene 

expression between the two cells. The data currently available indicate that 

the two cells "talk" to each other and send signals that induce in the other 

cell the switch to the next developmental stage. The whole sporulation 

program appears now to depend on four signal transduction pathways that 

activate the successive sigma factors once specific morphological structures 

have been achieved. Instituto Juan March (Madrid)
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Jhe role of the a subunit of E.coli RNA polymerase in 
transcription - a genetic analysie 

M.S.Thomas, G.Wegrzyn and R.E.Glass 

Until recently, the role of the RNA polymerase a subunit in 
transcription has remained obscure. However. the isolation of 
several a mutants which exhibit impaired transcription of certain 
genes subject to positive control has provided evidence for a 
functional interaction between this subunit and specific 
activator proteins. We have been studying one such mutant, 
rooA341 (formerly ~), which results in decreased expression of 
the positively-regulated ~. ara and cys operons, and is 
characterized by the substitution of a glutamate residue for a 
lysine at position 271 in the 329 amino acid polypeptide . 

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

Wilma Ross, Janet T. Newlands, Lin Rao, Khoosheh Gosink, Alex Appleman, A.J. Bokal, 
Michael Bartlett, Julia Saloman, Cathleen A. Josaitis, Irene Castano, and Richard L. 
Gourse. 
Department of Bacteriology, University of Wisconsin, 1550 Linden Drive, Madison, WI 
53706 USA. 

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

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

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

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

Fis-Dependent Activation 
In vitro and in vivo footprints indicate that Fis protein binds to three sites in the 

rrnB UAR (centered at -71,-102 and -143; Ross et al, 1990; Ross et al. unpublished). Fis 
activates transcription in vitro and in vivo in a manner dependen! upon binding to Fis 
Site 1 (Ross et a l, 1990; Josaitis et al., 1990; Bokal and Gourse, unpublished). Fis Sites 
11 and Jll exert only a very small effect (approximately a 15-25% increase) on 
transcriptional activity in vivo, either in the presence or the absence of a functional Fis 
Site l. There is no apparent cooperativity in Fis binding to the tluee UAR sites (Bokal 
and Gourse, unpublished). 

Severa! lines of evidence are consisten! with a mechanism of Fis activation involving 
Fis-RNAP interactions. We have identified Fis mutants from a collection isolated and 
purified in Reid Johnson's laboratory (Osuna et al., 1991) that fail to support 
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transcriptional activation of rrnB Pl (Gosink et al., submitted). A particularly informative 
class of mutants retains the ability to bind to Fis Site 1 and bend this site upon binding, 
yet fails to actívate transcription . Thus, functions in addition to DNA binding and 
bending are required for activation. 

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

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

Factor-Independent Activation - An Extended Promoter Region 
The A+ T-rich rrnB P1 sequence from -40 to -60 (between the "core" promoter and 

Fis Site 1) contributes approximately 30-fold to promoter strength in vivo in a .fi.s­
independent manner (Rao et al. in preparation). Kinetic analysis of the rate of 
association of RNAP with a set of rrnB P1 promoters with different upstream endpoints 
indicates that the -40 to -60 region increases transcription 30-fold in the absence of 
added protein factors . The -40 to -50 region primarily affects a kinetic step after initial 
promoter binding (k¡) (Rao et al. unpublished), while the -50 to -60 region increases the 
bimolecular step, K0 (Leirmo and Gourse, 1991). 

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

Utilization of the FIA region by RNAP requires the carboxy-terminal portion of the 
a subunit of RNAP (Ross et al., in preparation). It has been shown previously that this 
region of RNAP is required for positive control of certain promoters (e.g. lac by cAMP­
CAP; Igarashi and Ishihama, 1991). As indicated above, wild type RNAP transcribes rrnB 
P1 promoters containing the FIA region with greatly increased efficiency compared to 
promoters lacking this region. However, reconstituted mutant holoenzymes containing only 
the 235 or 256 amino-terminal ami no acids of a (provided by A. lshihama) transcribe the 
rrnB Pl promoter poorly in vitro and do not distinguish between rrnB Pl promoters 
containing or lacking the FIA region. Consisten! with this finding, footprint protection of 
rrnB P1 by the mutan! holoenzymes extends only to approximately -40. The protections 
further upst ream that are characteristic of wild type RNAP-FIA region interactions are 
missing with the mutant enzymes, as if the mutan! enzymes cannot recognize this 
sequence information. 
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We have also found that two other stable RNA promoters, previously identified 
as having upstream activation regions, rrnB P2 and .kJJ.Y, are not efficiently utilized by 
the mutan! holoenzymes. In addition, we have identified a non-stable RNA promoter that 
also requires the e-terminal region of a for maximal activity. 

As a result, we have identified a promoter element separable from the core region 
that is a major contributor to ..E...._gili promoter strength. The e-terminal region of the 
a subunit of RNAP is required for utilization of this element and for contacts with 
RNAP between -40 and -60. A simple model is that alpha makes contacts to this 
upstream element and thereby increases promoter activity. 
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THE PATHWAY OF N4 VIRION RNA POLYMETASE-PROMOTER RECOGNITION 
M. Alexandra Glucksmann, Xing Dai and Lucia B. Rothman-Denes. Departments of Molecular 
Ge~etics and Cell Biology and of Biochemistty and Molecular Biology, The University of Chicngo, 
Ch1cago, Ill. 60637. USA 

Coliphnge N4 virions contain a DNA-dependent RNA polymcrase (N4 virion RNA 

polymernse) which is injected into thc host ccllupon infection and synthesizes the phagc early 

RNAs. Thc cnzyme is unique in that, in vi¡ro, it is inactive on doublc-stranded N4 DNA; howevcr, 

denatured, promoter-containing templates are efficiently and accurately transcribed . Wc have shown 

that all determinants of promoter recognition are present in the templa te strand indicating that the N4 

virion RNA polymerase is a site-specific, single-stranded DNA binding protein. 

The t!:ree promoters for N4 virion RNA polymerase present in the N4 genome contain blocks 

of homology from position -18 to + 1 with a conserved GC-rich heptamer centered at position -12 

(Fig.1). The promoters al so contain two sets of short inverted repeats. The upstream inverted 

repeats, which are centered atthe heptamer, are of the same Iength in all promoters and contain both 

conserved and non-conserved bases. In contras!, the length and distance between the downstream 

inverted repeats, which include the site of transcription initiation, vary. Analysis of the 

transcriptional activity of a large collection of promoter mutants indica tes that conserved sequences 

present between -18 and + 1 and the integrity of the in verted repeats centered at -12 are essential for 

template binding and transcriptional activity. This striking requirement for promoter recognition 

suggests the necessity for a specific secondary structure. The patterns of TI endonuclease I and T 4 

endonuclease VII cleavage of single-stranded O NAs containing N4 promoters indicate the existence 

of a "hairpin" structure centered at -12. 

Transcription of the early genes of bacteriophage N4 requires, in addition to the N4 virion 

RNA polymerase, the activities of two host factors: ~ DNA gyrase and E...Qili single-stranded 

DNA bindir.g (SSB) protein. In vitro. linear or relaxed templa tes cannot be activated by SSB; 

however, supercoiled template and SSB allow the virion polymerase to rccognize its promoters on 

duplex DNA and actívate transcription. Activation is E..Qili SSB specific, other singlc-stranded DNA 

binding proteins cannot substitutc. We propose a model for virion RNA polymerase-promotcr 

utilization where gyrase-induced supercoiling elicits single-strandedness nt the promoter region (Fig. 

2A). Under these conditions, the inverted repeats flanking the conserved GC rich heptamer fonn the 

hairpin stmcture which, in conjunction with conserved sequences present between -18 and + 1, is 

requircd for RNA polymerase binding. Subsequent1y, binding of ~ SSB to the promoter region 

stabilizes a structure to yield an "activated promoter" (Fig. 2B) which can now be recognized by virion 

RNA poi y merase (Fig.2C). After N4 virion RNA po1ymerase binding, the stem-loop structure at the 
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promoter must be melted and initial contacts broken in order to carry out formation of the tirst 

phosphodiester bond (Fig. 20). 

To define the role of supercoiling in transcriptional activation of virion RNA polymerase 

promoters, we have cloncd N4 early promoters in a vector which allows for the generation of 

minicircles constituted primarily of N4 sequences. Incubation in the presence of varying 

concentrations of Ethidium Bromide and topoisomerase 1 allows for the isolation of circles with 

different superhelical densities. Chloroacetaldehyde (CAA), which reacts with unpaired Cytosines and 

Adenines to form the etheno derivatives, is used to probe forchanges in promoter structure. Reacted 

bases are mapped by primer extension. Results of these experiments indica te that sequences at the 

promoters are insensitive to CAA in relaxed DNA. Upon increase in superhelical density, sequences at 

the loop of the hairpin in the complementary strand become CAA-reactive. Surprisingly, sequences on 

the template strand remain unreactive. These results indicate that supercoiling Jeads to cruciform 

extrusion and that the templa te and complementary strands adopt d.ifferent structures. 

To define the basis for ~ SSB's specificity of activation of N4 early promoters, we 

have studied the interaction ofvirion RNA polymerase and SSB with promoter-containing, single­

stranded templates. ~ SSB, although not absolutely required, activates N4 virion RNA 

polymerase transcription on single-stranded templates. The results of footprinting experiments in the 

presence of E. coli SSB and virion RNA poi y merase, using both wild-type and mutant promoters 

indicate that the specificity of~SSB activation resides in its unique mode ofinteracting with 

promoter-containing templa tes. We conclude that ~ SSB acts asan activator of transcription by 

providing the correct DNA structure for RNA polymerase binding. 
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N4 virion RNApolymerase-promoter utiljzation pathway 

SSDNA 

p 
1 

~ p 

y 1 
DNA ¡¡yrase 

p E coli SSB 

~ o 
~ Sta b iliza tion 

Cruciform extrusion 
(B) 

(A) l Vicioo 

-P 
RNAP 

XTPs GTP•ATP 

e _/ / 

Elongation Initiation v RNAP binding 

(E) (D) (C) 

Instituto Juan March (Madrid)



29 

Control ofbacteriophage <jl29 DNA transcription by the regulatory protein p4. 

Margarita Salas, Beatriz Nuez, Manuel Serrano, Mario Mencía and Fernando 

Rojo. 

Centro de Biología Molecular (CSIC-UAM), Universidad Autónoma, 

Cantoblanco, 28049 Madrid, Spain. 

Late genes of B. subtilis phage 4>29 are transcribted from the PA3 

promoter, which is located close to the divergently transcribed main early 

promoter, PA2b. The viral early protein p4 is a transcriptional regulator that 

activates the late promoter and represses the early PA2b promoter (1, 2). 

Protein p4 binds to a region located between nucleotides -56 and -102 relative to 

the PA3 transcription start site (-16 and -62 relative to PA2b), recognizing an 8 

bp long inverted repeat (3). This DNA region has a sequence-directed curvatura 

that greatly increases by protein p4 binding (1, 4). The induction of the 

curvature is relevant both for the activation of the late promoter PA3 and for 

the repression of the early promoter P A2b. 

Protein p4 mutants that produce only a partial bending of the promoter do 

not actívate transcription (4). Curvature could provide a DNA conformation 

that either stabilizes binding of the RNA polymerase to the promoter, orients 

protein p4 towards the RNA polymerase, enabling adequate contacts between 

the two proteins, or both. Indeed, severa} data indicate that protein p4 and 

RNA polymerase bound to PA3 contact each other. a) The two proteins bind to 

the promoter cooperatively, stabilizing each other in their binding sites (3). b) 

When protein p4 binding si te was separated from that of the RNA polymerase 

at PA3, activation only occurred if the two binding sites were separated by 1, 2 

or 3 complete helical turns of bent DNA (5). These results also suggest that 

protein p4 has to be stereospecifically oriented relative to the RNA polymerase 

for a correct interaction, and that activation at a distance requires the 

formation of a DNA loop. e) When fragmenta containing either the RNA 

polymerase or the protein p4 binding regions were used, the two proteins were 

able to bind simultaneously to each of those fragments, again indicating direct 

protein-protein contacts. 

Activation of the late PA3 promoter is paralelled by repression of the 

divergently transcribed early A2b promoter, which partially overlaps with the 

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

l. Barthelemy, l. and Salas, M. (1989) J. Mol. Biol. 2.illl. 225-232. 
2. Rojo, F . and Salas, M. (1991) EMBO J.l.Q, 3429-3438. 
3. Nuez, B., Rojo, F ., Barthelemy, l. and Salas, M. (1991) Nucleic Acids Res. 

1.9. 2337-2342. 
4. Rojo F., Zaballos, A. and Salas, M. (1990) J . Mol. Biol. 211, 713-725. 
5. Serrano, M., Barthelemy, l. and Salas, M. (1991). J. Mol. Biol. .2.19., 403-414. 
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Contortions, Distortions, and Positions of AraC 
Robert Schleif 

Biology Department 
Johns Hopkins University 

Baltimore, Maryland 21218, USA 

In the absence of arabinose or AraC protein, the p promoter of the 
arabinose operon of Escherichia coli is only weakly activl.Afhe presence of 
both arabinose and AraC protein stimulates the activity of the promoter more 
than 200-fold. In the absence of arabinose, the dimeric AraC protein contacts 
the more upstream of the two half-sites of aral that are adjacent to the RNA 
polymerase binding site. In this state the protein also contacts the araO 

half-site which is located 210 base pairs away, thereby forming a loop i~ the 
DNA. When arabinose is added, AraC protein ceases to contact the araO 

half-site and instead contacts both half-sites at aral. The work to be reporled 
addresses two basic questions about this system. First, since the aral site 
appears by inspection to contain elements both of direct repeat symmetry 
and of in verted repeat symmetry in the half-sites, and previous experiments 
ha ve suggested that the protein might bind to a directly repeated half-site, 
what, in fact, is the symmetry of the AraC binding site and the AraC protein? 
If it is indeed a direct repeat, how is this accomplished without the protein's 
polymerizing indefinitely? The second question is whether the AraC protein 
must be located in a particular position with respect to the p promoter in 

d 
. . . BAD 

or er to actívate transcnphon. 
The question of the symmetry of the AraC protein has been addressed 

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

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

From what positions can AraC activa te transcription? In the wild type 
situation the second half-site at aral overlaps the -35 region of the RNA 
polymerase binding si te by four bases. We explored a wide set of positions 
for the activation by AraC by pladng a pair of half-sites far from the p 
promoter, removing random amounts of DNA from between the half!sffes 
and the promoter, and selecting molecules which expressed the p 
promoter at high !e•.'els. Substantial activation was seen only wh9~Ifhe 
binding si tes overlap the polymerase -35 region by two, three, or four bases. 
An auxiliary finding was that the exact sequence of the p promoter need 
not be maintained. AraC will activa te transcription frorrf:I?ariety of 
promoters if it is properly positioned. 

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

Related References: 

An Operator at -280 Base Pairs that is Required for Repression of araBA O 
Operon Promoter: Addition of DNA Helical Turns between the Operator 
and Promoter Cyclically Hinders Repression, T. Dunn, S. Hahn, S. Ogden, 
and R. Schleif, Proc. Na ti. Acad. Sd. USA 81,5017-5020 (1984). 

The DNA Loop Model for ara Repression: AraC Protein Occupies the 
Proposed Loop Sites in vivo and Repression-negative Mutations Lie in these 
Same Sites, K. Martin, L. Huo, and R. Schleif, Proc. Na t. Acad. Sci. USA 83, 

3654-3658 (1986). 

Why Should DNA Loop?, R. Schleif, Nature 327,369-370 (1987). 

DNA Looping, R. Schleif, Science, 240, 127-128 (1988). 

Determining Residue-Base Interactions Between AraC Protein and aral DNA, 
A. Brunelle, R. Schleif, J. Mol. Biol.209, 607-622 (1989). 

DNA Looping and Unlooping by AraC Protein, R. Lobell, R. Schleif, Sdence 
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PROKARYOTIC ENHANCERS AND ENHANCER-BINDING PROTEINS, D. S. Weiss, K. 
Klose, S. Poner, A. Nonh, A. Wedel, and S. Kustu, Depanments of Plant Pathology and 

Molecular and Cell Biology, University of California, Berkeley. 

A number of prokaryotic enhancer-bindinJ:l proteins actívate transcription by the altemative 

holoenzyme form of RNA polymerase, cr'4- holoenzyme, allowing this form of polymerase to 

transcribe in response to different physiological signals. The best-characterized of these enhancer­

binding proteins is the NTRC protein (nitrogen regulatory protein C) of enteric bacteria. The 

function of NTRC has been studied intensively at the majar promoter for the glnA gene, which 

encodes glutamine synthetase. NTRC stimulates the isomerization of closed complexes between 

~ 4 -holoenzyme and the glnA promoter to open complexes in an ATP-dependent reaction. Todo 

so NTRC binds to its enhancer-like sites, which are normally located between 100 and 150 bp 

upstream of the transcriptional stansite, and contacts the polymerase by means of DNA loop 

formation . One function of the enhancer is to tether NTRC in high local concentration near the 

promoter. To stimulate open complex formation NTRC must hydrolyze ATP. ATP hydrolysis 

depends upon phosphorylation of an aspanate residue located in a regulatory domain of NTRC 

that is distinct from the domain responsible for ATP hydrolysis and transcriptional activation. 

Phosphorylation of NTRC is increased under conditions of nitrogen limitation, conditions under 

which transcription of glnA is increased. It is our working hypothesis that ATP hydrolysis is not 

needed for specific contact between NTRC and polymerase per se, but rather functions to allow a 

change in configuration of polymerase once contact has occurred. 

REFERENCES: 

1989 Kustu, S., E. Santero, J. Keener, D. Popham and D. Weiss. Expression of ~ 4 (ntrA)­

dependent genes is probably united by a common mechanism. Microbiological Reviews 

53:367-376. 

1990 Wedel, A., D. Weiss, D. Popham, P. Droge, and S. Kustu. A bacterial enhancer functions 

to tether a transcriptional activator near a promoter. Science 248:486-490. 

1990 Su, Wen, S. Poner, S. Kustu, and H. Echols. DNA-Iooping and enchancer activity: 

Association between DNA-bound NtrC activator and RNA polymerase at the bacterial 

glnA promoter. PNAS USA 87:5504-5508. 

1991 Weiss, D. S., J. Batut, K. E. Klose, J. Keener, and S. G. Kustu. The phosphory1ated form 

of the enhancer-binding protein NTRC has a ATPase activity that is essentia1 for activation 

of transcription. Cell 67:155-167. 

1991 Kustu, S. K., A. K. Nonh, and D. S. Weiss. Prokaryotic transcriptional enhancers and 

enhancer-binding proteins. TIBS 16:397-402. 
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Concert.ed regulation of the o54.dependent Pu promoter of TOL 
plasmid through upstream sequences responslve to rnultiple signals. 

S. Femándezl, J. Pérez Martínl, K.N. Timmis2 und V. de Lo•·en:r.ol,2• 
lct.ntro de Investigaciones Biológicas del CSIC, Velá1.quez 144, 28006 Madrid. 

2oesellschaft für Biotechnologische Forschung, Ma~chcrodcr Weg 1, Braunschweig 3300. 

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

~CH-3----~~ ~~-H------~~>TCA 
1 R 1 R 

[Pu)xylCMABN 

operon upper 

1 Pn) xy!XYZLTEGF.TQKIH 

operon meta 

1 v 1 
11 xy/S (Ps 11.--P....-r)-=-xy-JR--. 

u 
ln the presence of t.oluene, the Pu prometer, which belongs to the crS4-dependent 

class, is activated by the Xy!R protein, which binds to at least two upstream 
binding sites (UBS) . Resides the action of XylR, Pu activity requires IHF, which 
hinds hetween the positíons -52/-79 and supposedly helps to bring the UBS/XylR 
complex into close contact with the crKRNApol. 

Transcription from the Pu promotcr is suhjected to a very tight control so that it 
hecomes indetectablc in non-induced conditions -provlded that the whole system is 
analysed in monocopy. This is explaincd in pa11 by rhe transcriptional termination 
activity of the UBSs, which is manifested in vivo regardles of its binding to XylR 
protein. At least one more control is overimposed to the actions of XylR and IHF : 
Full Pu activity requires rhc cells to be in stationary phasc, although the 
mechanism opentting for such control is prcsently unknown. The effect of IHF, 
DNA curvatures and supercoiling on such responsivcness to growth phase will he 
discussed. 

Instituto Juan March (Madrid)



35 

Action ata Peculiar Prokaryotic Enhancer 

E. Peter Geiduschek 
Department of Biology 

University of California at San Diego 
La Jolla, California 92093-0634 

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

BACKGROUND 

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

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

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

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

AN IN V!TRO SYSTEM 

An in vitro system for analyzing the functions ofreplication proteins in T4late transcrip­
tion has been constructed. The DNA templates of this transcription systcm are plasmids contain­
ing the following components: 1) a site that can be nicked by filamentous phage gpii, generating 
a start si te for, and specifying the polarity of, leading strand DNA replication by T4 replication 
proteins; 2) one or more T4 late transcription units whose transcriptional polarity is identical 
with, or opposed to, the polarity of leading strand replication. Transcription by gp55-containing 
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RNA polymerase in this in vitro system is greatly stimulated by the three T4 DNA polymerase 
accessory proteins gp44, gp62 and gp45, even in the absence ofDNA replication, and is even 
funher stimulated by replication (with gp43, gp32 and deoxyribonucleoside triphosphates also 
present), panicularly when gp44, gp62 and gp45 are limiting. Transcriptional activation requires 
a nicked DNA template, and hydrolyzable ATP (or dA TP). The nick, acting as a binding si te for 
the three DNA polymerase accessory proteins, must be located in cis to the activable T4 late pro­
moler, but can be placed upstream or downstream, and at large distances, from it. Thus, the nick 
functions asan enhancer that is peculiar in two respects: 1) it is a DNA structure, rather than a 
sequence; 2) it is the simplest structural singularity imaginable. Transcriptional activation also 
requires RNA polymerase-bound gp33. Unenhanced transcription (in covalently closed nega­
tively supercoiled DNA) is not stimulated by gp44, gp62 and gp45, and is, at higher ionic 
strengths, diminished by gp33. Thus, gp33 functions as a transcriptional co-activator protein, 
functioning only in enhanced, but not in basal transcription (references 2, 3). 

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

COMMUNICATION BETWEEN THE ENHANCER AND THE PROMOTER 

Experiments intended to provide an understanding of the function of the enhancer in T4 
late transcription con tribute surprising answers. The DNA nick that serves as enhancer must 
ha ve a specific polarity relative to the direction of transcription: it is only effective when placed 
in the nontranscribed strand, regardless of whether it is located upstream or downstream of the 
prometer, and regardless of the distance separating the nick from the prometer. The ability of a 
nick-as-enhancer placed in one ring of a singly linked DNA catenane to activate initiation of 
transcription ata T41ate prometer placed in the linked (relaxed and covalently closed) DNA cir­
cle has also been examined: the DNA polymerase accessory proteins, gp44, 62 and 45, only 
activate transcription in the DNA ring that contains the nick. The absolute cis-action require­
ment of transcriptional activation at the T4late prometer implies a role for DNA as the conduit 
of transcriptional activation. In contrast, when the enhancer and promoter communicate through 
space by direct protein-protein interaction, as they are generally thought to do, the connecting 
DNA functions primarily as a tether that confines the interacting components to a common 
space. In such systems, when enhancers and promoters are placed on the separate linked DNA 
rings of catenanes, they communicate effectively (4, 5). 

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

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

STRUCfURAL BASIS OF TRANSCRIPTIONAL ENHANCEMENT 

Aspects of the structure of enhanced and unenhanced transcription complexes at a late pro­
meter are urider current investigation. The physical structures of enhanced and unenhanced tran­
scription complexes differ at the upstream end of the RNA polymerase binding si te. In contrast, 
enhanced and unenhanced open promoter complexes are indistinguishable with regard to the for­
mation of the DNA "bubble" at the transcriptional start si te. The implications of these findings 
for the mechanism of transcriptional activation are discussed. 
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The role of the nucleoid assossiatcd protein H-NS in osmotic induetlon at the proU promoter of Escherichia coli and Salmonella typhimwium. 

Tom 0\ven-Hughes. Graham Pavitt. Diogenes Santos. Chris Hulton. ,Julie Sidebotham, Jay Hinton. and Chris Hlggins. 

The proU promoter is induced approximately 70-fold by increased osmolartty of the growth medium. Mutations disturbing this regulatlon have been found in the genes encoding DNA gyrase and Topoismerase. We and other worker~ have found that DNA 9Upercolling in vit.'O change¡ in response to osmolartty. This gave rise to a model in which DNA topology played an key role in the osmoregulation of the proU prometer. Mutatlons at osmZ(hns) were also found to derepress proU expression. This gene was subsequently found to encode the protein H-NS. 

H-NS is a major component of bacteria! chromatln present at 
approXimately 1 copy per 400bp of chromosomal DNA. Mutations in hns are highly plieotropic affecting the expression of many different genes in an allele specific manor. In addition we have found that mutations in hns also affect DNA topology. 

We have isolated sites downstream of the proU prometer that are important for normal osmoregulation i11 vivo. This region includes curved DNA and normal osmoregulation can be restored if it is replaced With heterologous curved DNA. In addition thls downstream DNA binds H-NS in 
vitro and a functional hrts gene is required for it to confer osmoregulation on the proU prometer in vivo. There does not appear to be a simple recognition sequence involved in H-NS binding. it does. however. show a preference for curved DNA. 

It has previously been demonstrated that plasmid linking number ls altered upon osmotic shock. We have now found that the presence of curved DNA affects this linking number change only in the presence of a functional copy of the hns gene. This suggests a mechanism whereby H-NS interacts With curved DNA downstream of the proU promoter causing a change in the local topology of the DNA which derepresses the prornoter. These data provide insights into the relationship between chromatin structure and the regulation of DNA topology and promoter activlty. 
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TRANSCRIPTION ACfiVATION BY CAP: IDENTIFICATION OF Tiffi ACTIVATION SURFACE 
ANO ANALYSIS OF INTERACfiON wrrn RNA POLYMERASE 

Richard H. Ebrighl, Yuhong Zhou, Xiaoping Zhang, Qianping Dong, Hong Tang, Erich E. Blatter, 
Yon W. Ehrighl, an<l Yan Chen 
Dcpartmcnl of Chcmislry an<l Waksman lnstitute, Rutgers University, New Brunswick, NJ 08855, USA 

A. ldentification o[ rhe acrivarion sur[ace o[ CAP: iso/ation and characrerization o[ mutants o[ CAP 

specifically defective in rranscriprion activarion at the lac promoter. We have used random mutagenesis of 

crp, lhc gene lhat encodcs CAP, followcd by application of an in vivo genetlc screen, to lsolate 

positive-conlrol-defeclive mulants of CAP ("crpP< mutants"). We have isolated and characterized 

1wcnty-one in<lcpen<lcnl crpP< mutants. The twenty-one crpP< mutants are dcfective in transcriptlon 

accivacion al che lac promocer, bul are not dcfeclive in DNA binding. Remarkably, the amlno acid 

subscicucions in che cwency-onc crpP< mucants map 10 che same seven-amino-acid region of CAP: amino 

acids !56 lo 162 of CAP (Ala15&-Asp, Thr158-+Ala, Thrt58-+lle, His159-+Arg, His159-+Leu, Gly162-+Asp, 
Gly162-+Cys, and Gly162-+Ser). 
We have purificd and have characterized in virro five of the subsliluled CAP variants: (Ala158JCAP, 

l11e158JCAP, !Arg159JCAP, !Leu159JCAP, and ¡Cys162)CAP. In virro transcription experlments indicate 
chal che subslicuced CAP variancs are complecely, or nearly completely, defective in cranscription 

accivacion al che /ac promoter (aborlive inilialion assays). In virro DNA binding experiments lndlcate 
chal che subscicuced CAP variancs bind to DNA with che same affinily as does wild-type CAP 

(nilrocellulose filler assays). In virro DNA hending cxperimen1s lndicate that che substituted CAP 
variancs bend DNA to che same extent as does wild-type CAP (electrophoretic mobility assays, four 
circularly permute<! DNA fragments). 
Our rcsuils cscablish that amino acids 156 10 162 of CAP are critica! for stimulation of transcription 
aclivalion ac che lac promocer, but are not crilical for DNA binding or DNA bending. In che structure 
of CAP, amino acids 156 lo 162 form a surface loop. We propase that lhls surface loop makes a dlrecl 
procein-procein concacc wilh RNA polymerase al che lac promoter (cf. Nucl. Acids Res. 18:7243, 1990; 
Nuc/. Acids Res. 19:6705, 1991; J. Bnct. 173:5024, 1991). 

B. D~rai/ed chnracrerization o[ rhe acrivarion sur[ace o[ CAP: saruration muragenesis of rhe activarlon 

swface of CAP. The results described in seccion A establish that the surface loop consisting of amino 

acids !56 10 162 of CAP ls the activation surface of CAP. To further characcerize the transcription 
accivalion surface of CAP, we have performed sacuration mulagenesis of codons 152 to 166 of crp (using 
a "doped" oligonuclcoci<le primer). We have isolaccd and sequcnced fifly independent crpP< mucants 
aflcr sa turalion mu1agenesis. The fifly crpP< mu1an1s are dcfcc1ive In lranscriplion activacion al the lnc 

promo1cr, bu! are no! dcfeclive in DNA binding. 
We find lhal 1wen1y-eight of lhc fifly mulants are single-amino-acid-subslitulion mulanls. The amino 
acid subslilulions map lo amino acids 156, 158, 159, 162, 163 and 164 (Ala15&-Asp, Thr158-+Ala, 
Thr158-+llc, Hisl59-+Arg, Hisl59-+Lcu, Hisl59-+Gin, His159-+Pro, Hisl59-+Tyr, Gly162-+Cys, Gly162-+Ser, 
Gly162-+Ala, Gly162-+Arg, Mell63-+Lys, Gln164-+Arg, Gln164-+His, and Gln164-+Lys). 

C. Derai/ed chnracterization of the nctivation sur[nce of CAP: nlnnine-scnnning mutagenesis of the 

acrivarion surfnce o[ CAP. The rcsuils in section A cscablish thal che surface loop consisting of amino 

acids 156 10 162 or CAP is Che accivalion surfacc of CAP. To furlher charac1crize the cranscription 

accivalion surface of CAP, we have performcd alanine-scanning mucagenesis of codons !52 to 166 of crp. 

Wc havc snhslilulc<l cach amino acid from 152 10 166, onc-by-onc, by Ala. For each of thc resulting 

CAP dcrivacivcs, wc havc asscsscd (i) cranscripcion accivation al che /ac promocer, and (ii) DNA binding. 

We find chal Ala subslilulion of amino aci<l 158 rcsulls in a significan1 spccific dcfect in transcriplion 

accivaclon al che /nc promotcr. Wc find chal Ala substltulion of no ocher amino acid lested resulls in a 
significan! specific <lefecc in cranscripcion accivalion al the /ac promocer. These resulls indicare chal 

amino acid 158 is thc only amino acid of che accivacion surface of CAP for which side-chain atoms ocher 

1han Cf3 are essential for cranscriplion activation al che lac promoter. 
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D. Dctailed clwractcrizmion of thc acti1•ntion surface o[ CAP: determination whether transcription 

activation m the /ac promotcr invo/ves the activar ion surface o[ the promoter-proximal subunit o[ CAP, the 

nctivation surfacc of the promoter-distal su/mnit o[ CAP, or the activar ion surfaces of both subunits o[ CAP. 

We have constructed heterodimers consisting of one CAP subunit having wild -type DNA binding 
spccificity and having a non-functional activation surface, and one CAP subunit having non-wild-typc 
DNA binding specificity and having a functional activation surface. We have oriented the resulting 
hcicrodimcrs on promoter DNA hy use of promotcr dcrivatives having DNA sitcs for CAP consisting of 
onc wild-type DNA half sitc and onc non-wild -typc DNA half site, and wc have mcasured the ability 10 

activatc transcription . 
Fo r thc CAP suhunit having wild -typc DNA binding spccificity and having a non-functional activation 
surfacc, we havc uscd (Aia158]CAP (scc scctions A-C). For lhe CAP subunit having non-wild-type 
DNA hinding spccificity and having a functional activation surface, wc ha ve used [Val181 ]CAP (Nature 

311 :232, 1984; Proc. Natl. Acnd. Sci. USA 84:6083, 1987). [Vai181JCAP recognizes the DNA half site 
5'-AAATGTNATCf-3' (vs. 5'-AAATGTGATCf-3' for CAP and (Aia158JCAP); (Vai181JCAP binds with 
equal, high affinities lo the consensus DNA half si te and 10 derivativcs of the consensus DNA half si te 
having A:T al position 7. 
To oricnt thc (Aia158JCAP/[Va118l)CAP heterodimers at the lac promotcr, we have used two derivatives 
of the /ac promoter: lacPL29, which has a DNA sitc for CAP in which thc promoter-proximal half site 
has A:T at position 7, a nd /acPLB, which has a DNA site for CAP in which the promoter-distal half site 
has A:T at position 7. (Aia158]CAP/[Yai181JCAP hcterodimers bind to lacPL29 and lacPLB in an 
orie nted fashion--having a functional activation surface only in the promoter-proximal subunit al 
lacPL29, and having a functional activation surface only in the promoter-distal subunit at lacPLB. 

We find that (Aia158JCAP/[Vai181JCAP heterodimcrs are functional in transcription activation at 
lncPL29 but are not functional in transcription activation at /acPLB. We conclude that transcription 
activation at the lac promoter involvcs only thc activation surface of the promoter-proximal subunit of 
CAP. 

E. Detailed chnracterization o[ rile activar ion surface o[ CAP: determination whether transcription 

nctivmion m orher CAP-dependen/ pronroters invol1•es the snme surface o[ CAP. CC, CC+20, and CC+31 
are artificial CAP-dependen! promoters having spacings betwecn the center of the DNA site for CAP 
and the transcription sta rt point of, rcspectivcly, 41.5 base pairs (as in the galPJ promoter), 61.5 base 
pairs (as in thc /ac promoter), and 72.5 base pairs (essentially as in the ma/T promoter) (Ce// 62:733, 
1990). Wc have mcasured the effects on transcription activation at CC, at CC+20, and at CC+31 of 
each of cight CAP derivatives specifically defective in transcription activation at the lac promoter: 
(Asp156JCAP, (Ala158JCAP, (lle158JCAP, (Arg159JCAP, (Leu159JCAP, (Asp162)CAP, (Cys162JCAP, and 
(Scr162)CAP (sce scctio n A). 
We find that each of the eight CAP derivatives specifically defective in transcription activation at the lac 
promoter also is specifically dcfective in transcription activation at CC, at CC+20, and at CC+31. We 
conclude that rhe surfaC'e loop consisring of amino acids 156 to 11\2 of CAP is critica! for transcription 
activation at promoters having spacings of 41.5 base pairs, 61.5 base pairs, or 72.5 base pairs. 
in further experimcnts, we have measured the effects on transcription activation at CC, at CC+20, and 
at CC+31 of each uf thc fourtcen CAP derivatives constructed in alanine-scanning mutagenesis of amino 
acids 152 to 166 of CAP (scction C): i.e., [Aia152JCAP, (Aia153]CAP, [Ala154)CAP, (Ala155)CAP, 
(Aia157)CAP, (Ala158JCAP, [Aia159)CAP, [Ala160)CAP, [Ala161]CAP, [Ala162)CAP, [Ala163)CAP, 
[Aia1ó4]CAP, [Ala165]CAP, and (Aia166]CAP. 
Wc find that Aia suhstitution of amino acid 158, amino acid 160, amino acid 162, or amino acid 163 
resuits in a significan! specific defect in transcription activation at CC, substitution of amino acid 162 
having the largest cffcct. We find that Ala substilution of amino acid 158 or amino acid 162 results in 
a significan! spccific defect in transcription activation at CC+20 and at CC+31, substitution of amino 
acid 158 having thc largest effect. Wc concludc that : (i) the surface loop consisting or amino acids 156 
to 162 of CAP is critica) for transcription activation at promoters having spacings of 41.5 base pairs, 
61.5 base pairs, or 72.5 base pairs, and (ii} the interactlons· made by the sui:face loop oonsistlng o( a mino 
acids 156 to 162 of CAP differ at promoters having spacings of 41:5 base pairs (DNA site for CAP 
ovcrlaps the -35 site; amino acids 158, 160, 162, and 163 sCilsitive 10 Ala substitution) vs. at promoters 
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having spacings of 61.5 base pairs or 72.5 base pairs (DNA site for CAP does not ovcrlap the -35 si te; 
amino acids 158 and 162 sensitive to Ala substitution). 

F. Analysis of CAP-RNA polymerase interaction in solution: development of a fluorescence polnrizntion 

method to analyze CAP-RNA polymerase interaction in so/ution. In collaboration with Drs. 
T. Heyduk and J. Lec, of the Dcpt. of Human Biological Chcmistry and Genctics, Univcrsity of Texas 
Medica! Branch, we have used nuorescence polarization experiments to analyze CAP-RNA polymcrasc 
interaction in solution in the absence of promoter DNA. We have utilized the following components: 
(i) ICAP42FL, a nuorophore-derivatized 42 base pa ir DNA fragment containing the consensus DNA site 
for CAP and containing no known specific determinants for binding of RNA polymerase, (ii) CAP, and 
(iii) RNA polymerase holoenzyme. We have measured nuorescence anisotropy of the CAP-JCAP42FL 
complex in the absence of RNA polymerase holoenzyme, and in the presence of RNA polymerasc 
holoenzyme. 
Our experimental design was premised on thc large difference in size, and thus the large difference in 
rotation rates and in nuorescence anisotropy, of thc CAP-ICAP42FL complex ("'73,000 D) vs. the 
CAP-JCAP42FL-RNA polymerase ho!oenzymc ternary complex ("'520,000 D). 
We find that addition or RNA :'"'yrn e: r~se holoenzyme to the CAP-ICAP42FL complex results in a large 
increase in nuorescence anisotropy. Control experimcnts indicate that addition of RNA polymerase 
holoenzyme to the [Aia158]CAP-ICAP42FL complcx (sec sections A-C) or to ICAP42FL alone does not 
result in a large increase in nuorescence anisotropy. Additional control experiments, performed in 
collaboration wilh Dr. A. lshihama of the National lnstitute of Gcnetics, Japan, indicate that addition of 
o(1-256) RNA polymerase holoenzyme (Ce// 65:1015, 1991) does not result in a large increase in 
nuorescence anisotropy. 
We conclude that CAP interacts with RNA polymerase in solution in the absence of promoter DNA. 
The equilibrium constan! for the interaction is 2 x 10·7 M, an equilibrium constant comparable to the 
concentration of RNA polymerase holoenzyme in vivo. The interaction requires the activation surface of 
CAP and amino acids 257-329 of RNA polymerase o subunit. We speculate that the interaction 
involves a direct protein-protein contact between the activation surface of CAP and RNA polymerase. 

G. Analysis of the activation target of RNA polymerase: iso/ation and characterization o[ murants of 

RNA polymerase o subunit specijically defective in response to transcription activation by CAP. We have 
used random mutagenesis of the rpoA structural gene, which encodes the RNA polymerase o subunit, 
followed by application of an in vivo genetic screen, to isolate mutants of o specifically defective in 
response to transcription activation by CAP--i.e., mutants of o defective in CAP-dependent transcription , 
but not defective in CAP-independent transcription. We designate such mutants 'pc,cap,d' (for positive 
control, CAP, defective). 
Thus far, we have isolated and characterized six independent rpoApc,cap,d mutants. The six rpoApc,cap,d 

mutants are defective in CAP-dependen! transcription at the /ac promoter, but are not defective in 
CAP-independent transcription at the lacPL8UV5 promoter. Thrt·e of the six independent rpoApc,cap.d 

mutants have strong phenotypes; thc amino acid substitutions in these mutants map to amino acid 261 
of o (Glu261 .... Lys, Glu261...,Gly) . Three of thc six independent rpoApc,cap,d mutants have weak 
phenotypes; the amino acid substitutions in these mutants map to amino acids 295 and 298 of o 
(Gly295 .... Ser, Ser298 .... Pro). We concludc that amino acids 261, 295, and 298 of o are critica! for 
response to CAP at the /ac promoter, and we speculate that amino acid 261 of a may participate in a 
direct protein-protein contact with CAP at the lac promoter. 
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MOLECULAR INTERACTIONS DURING TRANSCRIPTION ACTIVATION BY THE E. COLI 
CYCLIC AMP RECEPTOR PROTEIN AND FNR 

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

Introduction 

The role of the E. coli cyclic AMP receptor protein (CRP) is the 
i nduction of the expression of certain genes during conditions of 
glucose starvation . In response to increases in intracellular cyclic 
AMP, CRP activates transcription initiation at a number of different 
targets. The basis of the DNA binding specificity of CRP is reasonably 
well understood but the exact mechanism of the activation is less clear. 
A number of other transcription factors are related to CRP, including E. 

coli FNR which is responsible for induction of gene expression in 
response to oxygen starvation . FNR (the protein required for expression 
of fumarate and nitrate ~eductase) appears to be activated directly or 
indirectly by Fe~+ ions, which trigger binding to a 22 base pair · 
sequence very similar to the CRP-binding target . Both FNR and CRP bind 
as dimers to an inverted repeat sequence: CRP also causes a sharp bend 
at the target (it is likely that FNR also triggers a bend but there are 
no data on this at present) . 

Activation of Transcription by CRP 

CRP act ion h as been intensively studied at a number of promoters. In 
most cases, CRP ma kes a direct contact with RNA polymerase, likely 
involving the a subunit. This contact results in either a tightening of 
the initial binding of RNA polymerase to the prometer or in an 
acceleration of the transition from the c losed to the open complex. In a 
number o f cases CRP also directly prevents RNA polymerase from being 
captured at alternativa promoters. 

One of the p uzz les of CRP action is that, at different p romoters , the 
22 base pair CRP-binding site is located at dif ferent distances upstream 
from the transcription start. In cases such as the lac prometer, where 
the centre of the site is at - 61\ (with r espect to the start site) RNA 
polymerase contacts the closer CRP subunit resulting primari ly in a 
tightening of polymerase binding to the prometer. 

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

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

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

Activation of Transcription by FNR 

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

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

Dual control of Transcription 

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

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

cAMP receptor protein (CRP) is a dimer that binds to DNA nonspecifically. U pon cyclic 
AMP addition, the dimer undergoes a conformational change such that it binds to specific 
si tes at or near the promoters of many genes in E. coli with high affinity. Binding occurs 
through a helix-turn-helix motif in the protein. The allosteric change in CRP induced by 
cAMP nnd DNA binding mnkcs it nn nctivator of trnnscription initiation for many of these 
promoters. The biochemical steps of transcription initiation by cf70- RNA polymerase have 
been grossly divided into four steps: (i) Binding of RNA polymerase to the promoter to 
form a closed complex; (ii) Isomerization of the closed toan open complex; (iii) 
Transcription initiation and idling; and (iv) Promoter clearance. In principie, cAMP•CRP 
could stimulate transcription initiation at any of these steps. The DNA binding si te of 
cAMP•CRP can vary from a location very close toRNA polymerase to further upstream 
regions from the start si te of transcription. It has been shown that the step at which 
cAMP•CRP influences transcription may depend on the location of the cAMP•CRP on 
DNA with respect to the position of RNA polymerase binding. For example, cAMP•CRP 
influences RNA polymerase binding in lacP 1 promoter from a binding site at -60 region, 
whereas it stimulates both binding and isomerization in galP 1 from -40 position. 
However, the mechanism(s) by which cAMP affects these steps remains to be investigated. 
Two models of action are generally considered: (a) The DNA-bound cAMP•CRP complex 
influences RNA polymerase by a direct contact with it; and (b) cAMP•CRP contorts the 
DNA to facilitate RNA polymerase action at the promoter. Current genetic and biochemical 
evidence suggests a potential contact between the activator complex and RNA polymerase. 
cAMP•CRP complex is also known to induce different amounts of bends in DNA in 
different promoters. We have investigated whether any structural change in DNA induced 
by cAMP•CRP influences trar.scription initiation in the lacP 1 promoter of E. coli. Results 
will be discussed that suggest that structural changes induced in DNA by cAMP•CRP may 
affect RNA polymerase activity. (i) cAMP•CRP complexed with DNA must be located in 
cis to the IacP 1 promoter. (ii) We have found a certain structural integrity of the short 
stretch of DNA between the cAMP•CRP binding site at -60 and RNA polymerase binding 
at -35 is essential for transcription activation. 
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Interaction5 between RNA polymer&Se and CRP in open tomplexes 
at tiie iacP1 and galPl promoters : Use of inutated proteins. 

. . . . A. KOLB; K• IGARASHi• & M. LA VIGNE . . 
Institut Pist.Ctii; UnU6 de Physicochiiriie deS Maciomi>l~ille$ Biologiques (URA1149 du CNRS), 

F-75724 PARIS ooex t5 - (Fu : 33-t-4061 3060) 
• Dqiaitineni Of :Moieeular QeneticS; Natiooai lnstinue oC Genetiés, MISHIMA. 

Shizuoka-keri 411, Japan 

The é:AMP;.CRP eomplex iegulates trarisaiptián innation ata numbei of differení pmnioters, 

At the lacPi &id galP 1 piomoteiS; it activates open eomplei furmation by incieasing initiai binding 

of RNA polymctasc andlor aceeleiating the isomerisarlon iatc from closed to open complei, 

Piotei.Ji;pfoieiD eontacts occur between thc enzymc 8ild thc CÁMP-CRP complex which theiéfore 

birid coopefatively ro theii targets on both promoters; However, the CRP site is eentrered at :.61.5 

frmri the iacPi transCription stan whllst CRP bindS 4LS bp upsteam of the ga/Pl sun ; 

interiletioii.S beiWeen RNA polymerase and the CRP piore.in are hence different at the 1ac and giú 

promoter$; TJiis observiUion iS st:i'cngthcned by thc cxistericc of CRP mutants [1;2,3] or RNA 

poiymerase t4;Sj inUtant$ whÍch are dcfi.cicnt iñ liJe activation but can stiu stimulatc gal 

transcripdón inhiatim 
Reeentiy K; Igara8hi and A; Ishihama havc showri that holoenzyme, reconstituted with 

tiuncated (;i;subimits (éontaining the f1rst 235 or 2.S6 iesidues of a) was ilble to suppon CRP 

activatai trariSciiption at thc gal promoter, but oot ilt thc liJC ptOillOtU [4], 

Usizi.g twó up promotei inlitant$ of the lac andgal pioinoteiS (ÜJC UVS iwdgal9Al6C), we 

flist eomparc thc binding of CRP and cAMP ro the promotcr alone and to thc opcn complex 

for'med wftli wi.Id-type RNA polymcrase ; CRP binda With a much highei ilffuúty to the open 

complex &iid reclpioCally RNA pc)lymerases binds beuti tó both promoters .in the preseriée of CRP 
árid cAMP; liowever holoenzyme; ieconstituted wi.th truilCatcd «"subimi.ts behaves difrerendy at 

the /ae arid gai promoteis; Cooperativc bincÚng only occuis with the gal promotei. Footprinrlng 

data tonf'inn these results and suggest a plausible exptanatiori foi the loss of coopeiati.vity in the 

case of thC laC promoter. 

1; BEIL Á;; G~ToN K..; WILUAMS R.; CHAPMAN :L, KOI...B A-. BUC lL, MINCHIN s .. wn.LIAMS ] . 
& BUSBY S;; Muiatioas ib.8.i .aJ.IU tbC ability of !he E. coU éycUc AMP ~ptor protein to activate 
ii'ansalpi!Osj.; NU&l; Acids Ru. (1990) 18, 7243 ~ 7250 . . . . . . . 

2; ESCHBNLAlJSlt A.C; & RB2NIKOFP W.S;; . E. coJi catabollle ge~~e acdvawr pror.ciD mulallts dtfectivc in 
P.os!liv# ~niiql oc lOi o~ tiarisqipliOIL · 1. Bactuiol; (1991) t73, 5024-.5029 . 

3; WJLUAMS ll; BBLL A.; Sn.!S G; & BUSBY S;, Tbé role of two surfaU exposed loops in triuJsCriptíon 
ilcUvliióil by lbC E; CQ/1 CRP IDd FNR ~ Nud:.Adds R,s. (1991) U. 6705-6712 . 

4; IGARASHI K; .t ISHIHAMA A-, Bipattite .fuoctiooal illap of &he E; coU RNA polyinerase a 5ubunit : 
Involveineat Qf !be C-fCimlnal reglón in lniDlicrlplioa acdva&iDa by CAMP-CRP. Cell (1991) 65, 1015-1022 

s. IGARM>HI K: ci al., l'wictioo31 map ol the a subunit i>f E;~ RNA polymcnse : two modes of tnmsCription 
aelivatioli by Posíti\ie ~ Proc. Nall; ACQd; Scl. USA (1991) 81, 89.53-8962 
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HETEROLOGOUS COOPEMTIVITY: 'l'HE cAMP-CRP / 
CYTR NUCLEOPROTEIN COMPLEX IN E.coli. 

Poul Valent in-Hansen, Henr U: Peder .sen, Bj 0rn 
Holst, and Lotte S~g a ard-Andersen, Department of 
Molecular Biology, Odense Universlty , Denm~rk. 
The Escherichia coli CytR requlon · includes at 
l e ~st nine operons¡genes coding for proteins 
involved either in uptake or catabolism of 
nucleosides and deoxynucleosides. A seri~ s of 
recent experiments have unambiguously show r1 that 
cAMP-CRP is an authentic component of the cytR 
repression apparatus and serves as an adaptor 
that allows the CytR repressor to associate with 
promotsr-DNA. Using purified components we have 
now analyzed the interactions of the two 
regulators at all known cytR regulated promoters 
These analysis show that CytR is a sequence 
specific DNA binding protein that binds its 
target.s with a relatively low affinity. In the 
presence of cAMi:-' · ~CRP, however, DNA bi nd iniJ of 
cytR can be stimulated more than 1000 fold, and 
also, the presence of CytR enhance s CRP DNA 
bind i ng. This cooperativa binding rc-!sults in the 
fonnation of a nucleoprotein complex :i.n which 
the regulators are located clase to ea c h other 
on the same side of the DNA helix. Moreover, the 
combined binding of the two regulators results, 
in sorne of the promoters, in a repositioning of 
t .he cA11P-CRP complex. Mutational ·1nalys.is ha ve 
established that arnin~ acids 13, 17, lB, 108 and 
110 of CRP are critica! for its action as a co ­
repressor but not critical for transc ript i onal 
activation. In the structure of CRP these amino 
acids are located in two regions (loops) that 
are in very clase proximity on the sur f ace of 
the protcin. We propase that these surfac e l oops 
are involved in a direct protein-protein contact. 
with the cytR repressor at the promoters. 
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FEATURES OF THE TRANSCRIPTIONAL REPRESSOR RepA, 
ENCODED BY THE PROMISCUOUS PLASMID pLS1 

M. Espinosa, J. Pérez-Martrn a nd G. del Solar 
Centro de Inves tigaciones Biológicas,CSIC. Vel ázquez, 144. E-28006-Madrid (Spain) 

pLSl is a 4408-bp long multicopy streptococcal plasmid able of autonomous 
replication in a variety of bacteria, gram-positive and gram-negative. Three plasmid 
genes are involved in pLSl replication and its control: repB, repA and mall. Initiation 
of rep lication is mediated by the plasmid-encoded RepB protein, which has sequence­
specific endonuclease and topo isomerase activities. RepB synthesis is rate-limi ted, being 
controlled by two plasmid-encoded elements belonging to the same regulatory circuit: 
i) the repA gene product, RepA, which is a transcriptional repressor, and ii) the 50-nt 
long ant isense RNA 11. The latter probably acts by specific pairing wi th its 
complementary region of the rep mRNA, blocking the RepB-translation initiation signals. 
RNA 11 is transcribed from promoter P,, which shows two in-phase curved DNA regions 
that acts as upstream activating sequences (UAS). 

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

Fig. 1 

High-resolution analyses 
of the contacts between RepA 
and its DNA target showed 
that the protein binds to a 13-
bp symmetric element, most 
likely its operator, within 
which part of the -35 box of 
PAa promoter is included. The 
RepA-DNA contacts extend 
beyond the symmetric 
element, within a DNA region 

encompassing 40 bp (Fig. 1). Such a long protected region may be explained because 
upon binding, RepA introduces a strong DNA bend in a region already curved. The 
centre of the RepA-induced bend is displaced sorne 30 nt upstream of the ce ntre of the 
intrinsically curved DNA. 

Substitution of the UAS of P, by a straight DNA region containing the target of 
RepA showed that the expression of a reporter gene fused to P, cou ld be modu lated, 
both in vitro and in vivo. RepA behaved as a transcr iptional activator when its target was 
phased with P, (Fig. 2A), whereas placing the RepA target out of phase with P, resulted 
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" On the basis of our 
results, we have proposed a 
unified model for the 
regulation of transcription 

·, 

... 
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1:., Uf: initiation of regulated genes. 
~~.~~ The model assumes that the 

appropriate positioning of a 
promoter with a repressor 
(activator) element is a key 
feature for promoter switching 
(Fig. 2C). This model has 
been tested by the use of the 

E.coli fu.r operon regulatory signals. They are composed by two overlapping promoters, 
differently phased on the DNA helix. The regulatory signals of the fu.r operon contain 
a target for the catabolite-repressor protein (CAP), which was substituted by the target 
of RepA, keeping its distance to the promoters. The repA gene was placed under an 
inducible promoter, and was supplied in trans. We have been able to show that, in vivo, 

RepA was able to modulate mRNA synthesis from one or the other promoter, just by 
in-phase placing the RepA-target with the desired promoter. Our findings support the 
above model, but do not discard other elements as being involved in the initiation of 
transcription. 
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REGULA TION OF PRO UNE Um.JZATION IN SALMONEI I .A 

ITPIUMURIUM: REPRESSION REQUIRES A 
NUCLEOPR01EIN COMPLEX FORMED BY 1HE REPRESSOR­
A MEMBRANE ASSOCIA 1ED DEHYDROGENASE - BOUND 
TO 1WO OPERATOR SI1ES, CURVED DNA AND lliF. P. 
Ostrovsky de Spicer, and S. Maloy. University of 
Illinois, Urbana, 11. 

Salmonella typhimurium can utilize proline as a sole carbon 
or nitrogen source. Proline utilization requires the expression 
of the two genes in the put operon: the putP gene, which 
encodes proline permease, and the putA gene, which encodes 
a bifunctional dehydrogenase that degrades proline to 
glutamate. Expression of the put operon is induced by 
proline. Genetic evidence suggests that the PutA protein 
represses transcription of the put operon when the 
intracellular concentration of proline is low. The conclusions 
of the genetic studies are confirmed by molecular biological 
studies. Gel retardation and in vitro footprinting of wild type 
and putA mutants demonstrate that purified PutA protein 
binds to at least two sites in the put regulatory region. In vivo 
footprinting experiments demonstrate that the PutA protein 
itself is the repressor. The PutA binding sites are 
accompanied by two IHF binding sites and separated by a 
region of curved DNA. IHF enhances the protection against 
DNAase digestion by purified PutA, suggesting that IHF might 
promote or stabilize PutA binding to this region. When both 
PutA binding sites are present on a single DNA fragment, PutA 
protein binds DNA with a higher affinity. Cooperativity 
between PutA molecules bound to the two distant sites has 
been confirmed in vivo using the challenge phage system. 
These results indicate that regulation of the put operon may 
occur by DNA looping between two operator sites, facilitated 
by DNA sequences that promote DNA bending. Furthermore, 
the presence of proline appears to disturb PutA binding to the 
operator sites in vivo but not in vitro, suggesting that the 
membrane sites for PutA interaction might be essential to 
prevent PutA's repressor activity and achieve full induction. 
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MODIFICATION OF RNA POLYMERASE BY THE PIIAGE LAMBDA GENE Q 
TRANSCRIPTION ANTITERMINATOR AT THE PHAGE LATE GENE PROMOTER. 
Jeffrey Roberts, William Yarnell, Mark Kainz, Brian Ring, and 
Jennifer MacDowell, Section of Biochemistry, Molecular & Cell 
Biology, Cornell University, Ithaca, N.Y. 14853, U.S.A. 

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

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

The pause is encoded mostly by nucleotides +2 and +6 (5,6), 
but is also affected by bases +7, +8, and +9, as well as 
bases at the downstream edge of the transcription bubble (6; 
MK, WY & JWR, unpublished) . Transcription of heteroduplex 
templates in vitro shows that bases in the nQn-template 
strand at positions +2 and +6 promote the pause (BR and JWR, 
unpublished) . Q protein affects the DNA footprint of the 
paused comp1ex not only at the Q binding site between -35 and 
-10, but also at the beginning of the transcription bubble-­
the segment where mutations also affect the pause, and 
therefore the region where sorne structure Induces the pause. 
We suggest that Q has a similar effect on an essential pause 
at terminators. 
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Roberts et al, page 2 

+16/17 PAUSED COMPLEX 

e GATGGGTTAA T 
A T 

-35 -lo A e 
- - el G TTGAeTTATTGAATAAAATTGGGTAAATTTGAeT eTeGTT 

1 1 1 pppA 1 
AAeTGAATAAeTTATTT'!'AAeeeATTTAAAeTGA cA c(GbAGCAA 

GT G U C 
0 binding site T AUG GGUU A AU AG 

GeTACCeAATTA 

-30 -20 -1 0 +1 +10 +20 

l. Yarnell, W.S. and Roberts, J.W. (1992) The Phage Á Gene Q 
Transcription Antiterminator Binds DNA in the Late Gene Prometer 
as it Modifies RNA Polymerase. Cell, in press. 

2. Grayhack, E.J., Yang, X., Lau, L.F. & Roberts, J.W. (1985). 
Phage lambda gene Q antiterminator recognizes RNA polymerase near 
the prometer and accelerates it through a pause site. Cell 42, 
259-269. 

3. Kainz, M. and Roberts, J.W. (1992). Structure of 
Transcription Elongation Complexes in Vivo. Science 255, 838-841 

4. Goliger, J. A., and Roberts, J.W . , (1989). Sequences required 
for antitermination by phage 82 Q protein . J. Mol. Biol. 210, 461-
471. 

5. Yang, X. (1988). Ph.D thesis, Cornell University 

6. Guo, H.-c. (1990). Ph.D thesis, Cornell University. 
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REGULATION Of TIIE ANTIBIOTIC PRODUCf!ON IN Srreptomyces coelicolor 

Miguel Femández-Moreno, Angel Martfn-Triana and Fraociscú Malpanida Romero 

Cenno Nacional de BiOII:Cnología. Madrid 

SPAIN 

Strtptomyces are gram positive soil bacteria with two remarkable features: (1) undergoing a complex 

life cycle which involves spon: germination. vegetative mycelia formation. its differe~tion 10 aerial 

mycelia and the formation of new spores and (2) being capable to produce an enoftTIOUS variety of 

compounds or human interest such as antibiotics, antitumoral agents, herbicides, hydroli(ic enzymes and 

so on. 

Streptomyces coe/icolcr is the most genetically characteriz.ed specie ot the genera; it undergoes a 

typical life cycle and produces five secondary metabolites, four of them with antibiotic activity: 

actinorhodin, undecylprodigiosin, methylenomycin and CDA. The production of these secondary 

metabolites are always associated 10 morphologycal changes in the colony, sugges~ng a common 

mecha.nism of conuol for both processes. 

In the last years, a number of systems of antibiotic production ha ve been characterisedl from different 

origins, what has lt:t 10 come om sorne conserved features: slrucuaa.J genes are clusteted, tlle mechanisms 

for resistance to metabolites from the pathway with antibiotic activity are inside the cluste.r and there is a 

regulatory gene, clase lo the structural ones, which controls the expression of all of them. 1ctinorhodín is 

a poly.ketide antibiotic well characterized, which shares all !hose charactetistics. Production Qf actinorflodjn 

is controlled by a gene (the so called actll0RF4) intemalto the cluster which derennine the ti'anscripcion of 

the other act genes. 

Actinorhodin and undecylprodigiosin, although belonging to different chemical families, have in 

common to be regulated by a po.~itive effector highly couserved. Similar regolatory gene prodllcts have bten 

described in other routes such as the antitumoral agent doxorubicine from Strtp/cmyces !Ptucetius. In 

S.coelicolor, actilORF4 has been shown lo be the target of a regulatory gene of pleioltopic;a<.1ion; bid A. 

So, the two rnsin processes in Strtpwmyces, morphological and biochernical differentiation,¡are Wldet the 

control of the same gene. 

At date, severa! genes with pleiotropic action oo antibiotic production in jS.coelicolcr have been 

characterised: ufsR. absA,B, and ajsB. Recently, we bave isolaled and charac~ed the locu¡s abaA from S.coel/color 

(although higly conserve<! in different Streptomy,·es species) which induce the actínorhodin p~oduclion in Strep1omyces 

/Jvidans, which has the structural information but lacks sorne regulatO()' signal/s. Analysis of (lbaA revealed two ORFs 

in which ORFA seems to be involved in biosynthesis of actinorhodin, undecylprodigiosin aod COA, bot not in 

methylenomycin. Moreover, when ORFA is in high copy number on wild type strain, thii; take a phenOlype very 

similar to bldA: Iack of antibiotic production and sporulation. 

All tllis, reveal the presence of a complex net of regulatory interconnected signajs wbere process-specifJC 

control genes are depending on severa! pleiotropic genes with more global action. Its characteriZation is one of the main 

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

Teresa Garrido, Manf Aldea, Pilar Palacios, and Miguel VIcente. 
Centro de Investigaciones Biológicas. CSIC. Yelázquez, 144. 28006 Madrid. SPAIN. 

The main cell division operon of Escherichia coli contains Lhree essential 
genes that are transcribed in thc same direction: ftsQ, ftsA and ftsZ. Expression of 
the ftsQ and !tsA genes is drivcn by both a gearbox and a regular promoter located 
upstream from ftsQ. Gearbox promoters work In combination with housekeeper 
promoters so that thc encoded gene products are produced at constant amounts per 
cell. The presence uf this type of prometer in the regulatory region uf L.he ft s 
genes ensures that the amount of gene expression comples with the septal needs 
of the cell at differenl growth ratcs and, hence, at different cell sizes. The ftsZ 
gene is expressed from tour promotcrs located within the open reading frame of 
ftsA, the upstream gene from ftsZ in the operon. Although FtsZ is also produced at 
constanL amounts per cell at different growth ratcs none of the four ft s Z 
promoters showed a gearbox mode of expression (Aldea et al, 1990 EMBO J. 9: 3787-
3794). FtsZ is a key protein in septation, prcscnt in 5000 molecules per cell, it stays 
in the cytoplasm (Pla et al, 1991. Moi.Microbiol. 5: 1681-1686) during most of the 
cell cycle, but forrns a ring structure in constrlcting cells (Bi and Lutkenhaus, 
1991. Nature 354 : 161-164) 

We have investigat.ed the behaviour of a straln in which the expression of 
ftsZ can be triggered at wíll, indepenclently of thc cell cyclo. For this purpose a 
genetic surgery procedure has been devised, so thnt expression of ft s Z is 
dissociated from its natural regulatory signals, and becomes IPTG-dependent. 
These cells need levcls of Ft.~Z 40% over Lhe wild typc ones to divide as efficiently 
as the wild type strain. 

We have quantitated the celular levels of the ftsZ mRNA using PCR 
amplification. Tbe procedure used is based un the sequential action of reverse 
transcriptase and Taq polyrnerase. Both enzymatlc reactions are simultaneously 
quantitatcd by including an RNA standard thaL uses the same pimers as the 
messenger of ftsZ, and contains an interna! deletion what results in a product 
with a lower molecular wcigth. Using this procedure we have found taht each cell 
contains on the average thrcc molecule.s of ftsZ mRNA. 
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Transcr1pt1on analysis of the hydrogen-uptake genes fn Rhizob1um 
Jegymjnosarum bv v1ceae. 

Y. Hernando, E. Hfda~go, J.M. Palacios, J. Murillo, B. Brito, L. Rey and T. 
Ruiz-Ar~Ueso. Departamento de ~icrobiolog1a. E.T.S. Ingenieros AgrOnomos. Univers1dad Polft~cn~ca de Madr1d. 

The production of hydrogen by n1trogenase is a majar factor affecting energ efficiency bf the nitrogen fixation process. In sorne strafns of · 'um legumlnosor~m bv viceae a hydrogenase system 1s 1nduced wh1ch a ows the recyc ing ' o part of the energy lost as hydrogen. 
The DNA involved in Ha oxidation in ~ leguminosarum bv viceae 128C53 is clustered in a 20 Kb region cloned in cosmid pAL618 (1). The analysis of the nucleotide sequ~nce of the whole cluster revealed the presence of the genes encoding the structural subun1ts of the hydrogenase enzyme (~S and hYQL, 2) along with 15 additional genes. By mutant complementation analysis it was shown that the ~genes are organized in at least four transcr1pt1onal units, des1gnated reg1ons ~I/II (]MQSLCDEF), hYQIII 

(~GH), ]MQIV (hYQJJK) and hYQV/VI (~ABNCDE) (3). One of these reg1ons, hYQV/VI, is expressed in vegetativa cells in response to low 02 tensions in the culture med1um, whereas the remaining regfons are only expressed 1n symbiosfs wfth peas (4). In this communfcatfon we are presenting data on the characterization of the promoters identified in the ~ cluster as well as on the regulat1on of its transcription. 
A transcr1pt1on · initiation site for region ~1/II was 1dent1f1ed 57 bp upstream of hHQS by ·primer extension experfments. Th1s s1te 1s preceded by sequences h1ghly homologous to the o54- and IHF-consensus binding sitas, suggestfng that the transcr1pt1on of the structural reg1on 1s pos1t1vely regulated. 8oth type of sequences are also present upstream the cod1ng region of hYQIIl region. In order to investigate the functionality of these two boxes, band-shift and foot-print experiments are currently being carried out in our group. · 
Two transcription in1t1at1on sftes for the region ~V/VI were 1dentified in microaerobically grown cells of strain 128C53, whfle only one of them is used ' in symb1otic cells. Both sites are located upstream of hYQB, within ~A. U$1ng a Rhizo~jym meliloti mutant strain affected 1n the symbiotic regulatory gene fixK,t was shown that the two start sites depend on an active FixK in R· melilotj. In addition, ene more transcr1pt1on initiation s1te was identified upstream of ~A only in symbiotic cells. Thfs 1s the only start site which allows the transcri~fon of the gene h1RA· Although the complémentatfon analysis of region V/VI indicates the ex1stence of two ;separate transcription units, t e presence of a transcri pt ion start s1te for ~VI has not been prooved. The actual sizes of the hYQ RNA transcr1pts are currently be1ng determ1ned by Northern hybridizatfon exper1ments. 

{~
1~ Leyva, A. et al. 1987. J. Bacteriol. ~: 4929-4934. Hidalgo, E. et al., 1990. Plant Mol.Biol.IA: 367-370. 

Leyva, A. et al.1 1990. J. Bacteriol. ¡z¡: 1647-1655. (4) Palacios, JM et al., 1990. Mol. Gen. Genet. ~: 363-370. 
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THE CONTROL OFTRANSCRIPT ELONGATION BY RNA POLYMERASE ll: SIJ 
.PHO'J'EIN AND THE BYPASS OF BLOCKS TO ELONGATION Cürohne M. Kane, rl. 
Carric Chen, Knren R. Christic, Cuadalupc Ciprcs-Palacin, and Zoc WcHvcr, Division of 
JJJochetmstry anCI Molecular JjJOlogy, umversity ot l.:alirornia .. : Hc.rketey, 11erkeley (;A 94/Lú, 
U~A. 

KNA polymer11se 11 recogmzes many blocks to elongauon Wltllln t>Otn ce11u1ar and vtra1 
tmnscription units. Jf these blocks were used withoul relief in cells, then llttle mature message 
(nnd therefore little protein) would be produced for any of thcse transcription units. However, 
lhc use of these sites within cells appears to be regulated, and severaJ diffcrent strategies are use.d 
for this regulation. 

One of these strategies involves a transcript elongation factor, SII, flrst identified and 
characterized by Natori and coworkers (1). This purifled protein can act in conjunction with 
purified RNA polymerase JI to promote readthrough of severa! si tes which block the elongation 
of the polymerase in vitro. The protein interacts directly wlth RNA polymerase 11, and thc 
mechanism by which this interaction promotes readthrough is the subject of intensive study in 
severallaboratories. It has reccntly hecn shown that Sil mixed with paused RNA polymerase n 
elongation temary complexes results in a cleavage of the 3' end of thc nascent transcript (2). 1ñe 
ternary comple.x can then elongate the 5' end of this ele a ved transcript. This reaction is 
reminiscent of one recently reporte~ for E. co/i RNA polymerase (3). How such a reaction might 
promore rr.aclrhrmlfh of hlocks to elongation for RNA polymerase JI is not known. 

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

We ha ve al so begun site-directed mutagenesis of the cDNA for the human SU protein, 
and we have shown that only 170 amino acids at the C·tenninal end of the 301 ami no acid 
protein are needed for stimulating RNA polymerase Il. Alanine-cassette mutagenesis is being 
performed on the truncated active SJJ protein in an attempt to identify residues importan! both 
for the interaction with RNA polymerase 11 and for the readthrough activity. 

Finally, we ha ve evidence rhat there may be a family of genes cncodlng SII-related 
proteins in both human and yeast cells. Genomic cloning and genetic selection are being used to 
identify and chi\Tacterize addltional SII-related proteins in both organisms. 
(1) Natori, S. (1982) Molec. and Ccll Biochem. ~. 173-187. 
(2) Reines, D. (1992) J. Biol. Chc.m. ].fü, 3795-3800. 
(3) Surratt et al. (1991) Proc. Na ti. Acad. Sci. USA .8..8., 7983-7987. 
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Genetic analysis of XyiS binding lo ils operator al !he Pm prometer of the 
TOL plasmid: transcriplional aclivation through weak interaclions of the 

regulator with an upstream direct repeat 

Birgit Kessler 1, Victor de Lorenzo 1 ·2, Marta Herrero 1 and Kenneth N. Ti m mis 1 

1 Gesellschaft für Biotechnologische Forschung, Bereich Mikrobiologie, 

3300 Braunschweig, Germany. 

2 Centro de Investigaciones Biológicas (CSIC). 28006 Madrid, Spain. 

Pseudomonas pulida strains containing the TOL plasmid pWWO are able to grow on toluene 
and xylenes as the sole carbon source via initial conversion of these compounds lnto 
benzoate/toluates followed by meta-cleavage of the aromatic ring. Transcrlption of the 
pWWO-borne upper operen, which specifies the bioconversion of xylenes lnto toluates, 
originales from !he Pu prometer when lhis is acted on by the XyiR protein aclivated by pathway 
substrates and other structural analogs. Transcription of the meta operen, which determines the 
further metabolism of toluates to pyruvate and acetaldehyde, originales from !he Pm prometer 
when this is acted on by the XyiS prole in activated by ·substituted benzoates or by an excess of 
XyiS protein itself. Transcription of the xyiS gene is driven by a XyiR-dependent prometer, Ps. 

Unlike the complex regula! ion of the cr 54 - and IHF-dependent promoters Pu and Ps, 

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

The cis-acting sequences within the Pm promoter/operator region have been identified 
through deletion analysis and mutagenesis of the region. To ensure a faithful monitoring of the 
controlling elements in vivo, chromosomal integration systems for E. coli and Pseudomonas 

were utilizad lo obtain Pm-lacZ fusions and xyiS in monocopy dosage. lntegrity and proper 
phasing of two homologous tandem sequences 5'-TGCMPuMPuPyGGNTA-3' separated by 6 base 
pairs and overlapping with the -35 region of the Pm prometer was essential for m-toluate 
activation of a Pm-lacZ fusion in xyls+ strains. The cantar of the direct repeats were found on 
the same DNA helix side as that of the RNA polymerase and slightly bent towards it. Pm prometer 
sequences did not interact in vítro wlth RNA polymerase alone and therefore transcrlption 
activation is predicted to occur through XyiS-medlated formation of a closed complex, as ls the 
case in the relatad P araBAdAraC system. The lack of saturability of Pm by overproduced XyiS, 

as well as mullicopy inhibition and transcription interference experiments in vivo, indicate 
that formation of the oligomeric XyiS form which binds to operator DNA and/or the protein-DNA 
interactions at the direct repeats is very weak. 
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THE EFFECT OF ~up~ ON l~~ OPERON EXPRESSION 
ANO LACTOSE TRANSPORT 

Jyoti Ramchandani, S.K.Shattacharjee, and S.K.Mahajan. 
Molecular Biology And Agricultura Division 

Bhabha Atomic Research Centre 
Trombay, Bombay-400085. 

CUP-:-.1 is a pleiotropic mutatation of .E..coli K-12 (Mahajan et al 

1989). It blocks the growth of the mutant cells on a variety of 

carbon sources including PTS as well as non-PTS sugars, and 

catabolite repressible as well as catabolite non-repressible 

carbon sources. It prevents the uptake of 14C labelled sugars. 

This mutation maps near 97 min on the standard ,!;.col_i map and is 

transferred as a distal marker by HrfH. In F' merodiploids f!m.::.l 

is dominant over its cup.:, allele. It grows very poorly in rich 

media and frequently accumulates revertants. The f.~JL..!. strains 
frequently acquire partial suppressors that allow the mutant 

cells to grow on a specific sugar or a group of sugars (Mahajan 

etal,1988). 

Cells harbouring the mutant allele fYJL.l on a multicopy 

plasmid failed to grow on glucose in addition to other carbon 

sources. This and the observation that . 9~ was not 

cotransducible with markers to the left indicated that the growth 

of the original ~ .. ::J. isolate on g1ucose was due to the presence 
of a glucosa suppressor mutation, tentatively designated as gl§. 

P1 transduction data give evidence for the presence of ill near 

98 min on the f.fQli map. A glycerol suppressor mutation was also 

found to be located nearby . Levels of 8-galactosidase in isogenic 

cuQ• and Q.\m=J. l??~l- stra ·¡ ns showed that cup-1 drast i ca 11 y 
reduces induction of the lactose operen. The induction was 
partially restored by exogenous cAMP, indicating that one of the 
effects of s:;uo-.1 i s to 1 ower· the 1 e ve 1 s of cAMP in the ce 1 1 by 

reducing its synthesis. In addition, there is genetic evidence 

that cup-1 blocks lactase transport even when enzymes of the lac 

operan are expressed. 
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Regulation of Gene Expreaaion in Halophilio Arohaebaoteria. 

F.J.M. Mojica1, G. Juez1, P. Forterre' and F. Rodrlguez-Valera1• 

Dept.Genética Molecular y Microbiologla, Universidad de Alicante, Spain1• Institut de Gén6tique 
et Microbiologie, Université París-Sud, Centre D'Orsay Cedex, France2• 

The halophilic archaebacterium Haloferax mediterra11ei ia able to ¡;row over a widc I'Qngo of snlt 
concentrations (from 10% total salts to saturation of NaCI). To be able to grow at such a different 
salinities the organism has to suffer considerable physiological c:hanges, many of whlch could be 
regulated at transcriptionallevel. A markedly different expression of the gene encoding the gas 
vesicle protein of H. mediterranei depending on the salinity of the medium has been desc:ribed (1 ). 
On the other hand, on the basis of the effect of gyrase inhibitors on gene expression in 
Halobacterlum haloblum and the presence of putative Z-ONA sequences In certaln halobacterial 
genes, sorne authors have suggested a posslble role of topology of DNA on the regulation of 
expresslon In halobac:teria (2). 

We ha ve studied, by Northern blot hybridization, the expression of different DNA fragments from 
a genomic library of H. mediterranei, al! of whlch presented restrictlon pattern modlficatlons 
depending on the salinity of the growth medium (3). Our results show that at least three of these 
DNA sequences presentad markedly different transcript le veis depending on the salt concentration 
of the srowth medium. All these sequences shOwed a marked enhancement of expression at higher 
salinities (at 30% salts much higher than at 20% salts, which is the opdmal salt conc:entration) and 
a!so in some cases a slight enhancement of transcript levels at tow salinity (12% salta, aproaching 
the minimat concentrations for growth). These DNA sequences could be related to struotural or 
rcgulatorr proti!ias being bighly espressed iD ouolie stress coaditioas. Tbese DIA fragmts m 
also being sequenced to determine the correspondlng ORFs. In the regions upstream one of these 
ORFs (ORF 61) we ha ve observad peculiaritles such as purine-pyrlmldlne alternanoy and In verted 
and direct repeats similar to those described in promotor regions of c:ertain halobacterial génes. 
We ha ve also studied the local supercoiling of sequences upstream ORF 61 by a method based on 
the preferential intercalation of psoralen into supercolled versus relaxed DNA (4), and ha.ve 
detected significan! c:hanges In supercoillng after cells were shifted from 12% and 20% salts to 
30% salts. Further studles are in progress to clarlfy the mechanlsms lnvolved in regulatlon of 
expresslon in halobacteria. 

REFERENCES 
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XYLS, THE POSITIVE REGULATOR OF THE Pseudom~ TOL META-CLEAVAGE 

PATHWAY 

C. Michán, M.T. Gallegos, L. Zhou and J.L. Ramos. CSIC, Estación 
Experimental del Zaidin, Aptdo 419, 18080 Granada, Spain. 

The TOL meta-cleavage pathway operen of Pseudomonas putida 

encocles the enzymes required for growth on alkylbenzoates. 
Transcription from the operen promoter is mediated by the XylS 
positive regulator in the presence of benzoate effectors, or, 
when overproduced, in the absence of effectors. 
The XylS protein belongs to a family of positive regulators that 
includea at least eighteen proteins, These proteins acti vate 
transcription from a number of operons for sugar metabolism and 
alkylating agent response, among other functions. 
Ba$ed on protein alignments, the membera of this family exh i bit 
a long stretch of homology at the e-terminal end where a motif 
involved in DNA-binding has been located. 

Chemical and oligonucleotide site-directed mutagenesis at the N­
terminal end of XylS have identified residues important for 
effector binding and activ~tion of thi• regulator. 
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CONTROL OF GENE EXPRESSION OF RHAMNOSE OPERON lN ESCHERICHIA COLJ 

P. Moraleja, E. Hidalgo and ).Aguil~r . 

Unlt t>f Biochemlstry, School of f'ham1acy, University of Barcelona. Diagonal 643, Barcelona 08028, 

SPAlN. 

L-RhamnrJse is a methylpcnlose sugar that can be used as a solc carbon and energy aourca by 

Escllerichia coli. The genrs required for thc metabolism of thc L·Rhamnose havc been mapped al 86.4 

min tm lhe Escherichia coli chromosomc and constltutc an operan formed by fivc closely llnked genes: 

the rhamnuse regulatory gene rlrnC, furmcd by two ovcrlapping genes (rlraS and rhaR) and four 

structural genes; rhaT (encodlng rhamnose pcrmease), rhnB (cncoding rhamnulose kinasc), rhaA 

(encocting rhamnose isomerase) and rhr1D (encuding rhamnulosc-1-F aldolasc) . rhaT!s scparated from 

th~ thrt'<? other ~tructmal genes by thcir common rcgulatory gen rhnC. lt has been describcd that rha 

operan ls under posltlve control. 

Thc four structural ¡;enes have bccn cloned and scqucncect prevlously in our laboratory. Two 

proteln-blndin¡; doma in~ wcrc found in thl' 5' rc¡;ion of rhaB, consliluling a good catabollte repression 

protein conscnsus binding ~ itc . No clear -10 or -35 conscnsus sequences a re apparcnt, which ls not 

unu ~ '\lal in genes belonging toan opcron under positive control. Sorne inverted repeat scquences ar" 

prcscnt in the rhnA-rhaD intcrgcnic region and there is a rho-independent !Tanscriptor termlnator in 

thc 3' region of rhnD. 

The "Northcrn blot' ' analysis revcals thc cxistcncc of one tTanscript of 1.5 Kb for rhnB . Por rhaA 

and rhaD two transcr!pts of 1.3 and 2.3 Kb can be seen. This 19 uncommon to Prokaryotcs operons 

whlch normally are exprl'ssed In a polycistronlc transcript. The presencc of more than one transcript 

could be duc to degradation of a ~ i ngle mRNA or to thc presence of severa! transcrlptional ~tart 

points. To discard the possiblc cxistence of intcrgcnic transcripliunal start points wc prcpared /acZ 

gene fu~ions . The 5' region of the rhaB, rlrnA and rhaD genes has bt'<'n ligated to the lacZ gene. 

Analys i ~ of ~ - Galacto~idase a e ti vi !les of ce lis wilh a single copy of the fusion yieldcd 20,000 ~­

g , 1lactoslda~c units for r!JaB·IacZ fusiun, 100 ~-galactosidasc units for rlzaA-IacZ fusfon and 50 ~­

galacto~idase units for rhaD·IacZ fu~ion . In accordancc with these re~ults, lhere seems to be only one 

promoter, rhaB promotcr, whlch wuuld contTol thc thrce structural genes. These results support the 

notion of mRNA lnstabllity. 

lt ls well known that transcription and translatlon are couplcd proccsses in Prokaryotes. To 

analyse thc influence uf translation In mRNA stabllity we perfonncd sorne experimcnts of RNA 

obtcntion under different conditlons, including time aftcr lnducer addltion or presence of antlblotics, 

such as chloramphenlcol. Under sorne sp<'Cific condltions we have found a 4.3 Kb transcrlpt which 

would r.orrespond to the full lcngth rhaBAD mRNA. Thereforc, "Northem blot'' products mentloned 

above would most likely be thc result of mRNA degradation. 
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TRANSCRIPTION OF THE E. COLI HEMOL YSIN OPERON. ROLE OF THE COORDINA TE TRANSCRIPTION 

ACTIVATOR PROTEIN RFAH. 

Msrc Bsiley, Josa Nieto', Vsssilis Koronskis snd Colln Hughes. 

Cambridge Unlversity Department of Pathology. Cambridge CB21QP. England. 

The hemolysin toxln (HiyA) ls secretad by pathogenlc Escherichis coli and forms membrana pores in 

cells of the host lmmune system, causlng cell dysfunc11on and death. Hemolytic determinants can be 

found both In larga plamlds (pHiy152) or In chromosomal locatlons (LE200t and pSF4000) . 

Secretlon of HlyA occurs wlthout a perlplasmlc lntermedlate and is directed by an uncleaved C· 

terminal targettlng slgnal and the HlyB and HlyD translocator prolelns. t11e tormer belng a member of 

a transportar superfamlly central to lmport and export of a wlde range of substrales by prokaryolic 

and eukaryollc cells. The process by whlch HlyA ls largetted lo mammalian cell membranes ls 

dependen! upon fatty acylallon of lhe precursor, proHiyA, dlrecled by the acllvator prolein HlyC and 

the cellular acyl carrier proteln. The secretlon prolelns HlyB and HlyD are encoded by genes 

contlguous and coexpressed wlth the hiyC and hlyA genes responsible for synthesis of cytolytically 

active toxln. HlyB and HlyD are presenl al very low levels In the cell membrana tractlon, primarlly 

due to down regulatlon of secrellon gene expresslon. Thls ls achieved by uncoupling operen 

transcrlptlon of the synthesls and secretion genes vla transcrlpl termlnation at a rho-lndependent 

tormlnator wlthln the operen, an effecl probably accentuated by dlfferentlai stabllity of the truncated 

and elongated transcrlpts . Expresslon of the speclflc hemolysln export tunction ls mediated by 

1ranscrlpt antltermlnatlon al the hlyA-hlyB lntergenlc termlnator and thls ls dependent on 

structural elements, lncludlng the hlyR locu&, whlch are posltloned upstream of the hiy operon 

prometer sequences and whtch are thought to act as blndlng sltes for regutatory proteins lnvolved in 

both hty transcrlptlon actlvatlon and antllermlnatlon. We have recently ldentlfled an actlvator ot 

IJiyCABD gene expresslon as the 18kDa producl of the rfaH gene whlch positlvely reguiates transcript 

lnltlatlon and posslbly antltermlnatlon in the operons encodlng synthesls of surface sex pilus and 

llpopolysaccharlde of E.co/1 and Sa/monells. We are currently studying the role of RfaH in 

transcriptlon lnltlatlon and posslbly elongatlon and the po&elble lnteractlon of the actlvator protein 

with putativa transcriptlon sequences directing the coordlnale expresslon of virulence and fertility. 

RtftrtDCtl 

KORONAKIS,V., HUGHES,C. and KORONAKIS,E. (1991) Energetlcally distinct early and late stages of 

. HlyB/HiyD dependen! secretlon across bolh Escherichia col/ membranas. EMBO J. 10, 3263-3272. 

KORONAKIS V, CROSS M, HUGHES C (1989) Transcrlpt antíterminatton in an E.coli hemoiysin operon 

directed progresslvely by cls-acllng sequences upstream of the prometer region. Mol. Microbio/. 

3,1397-1404. 

BAILEY M, KORONAKIS V, SCHMOLL T, HUGHES C (1992} E.coli HlyT protein , a transcriptional 
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expresslon of sex factor and LPS genes. MOl. Microbio/. 8,1003·1012. 
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"l'rotein p4 stabilizcs RNA polymerase dosed complex by direct protein­

protein con!acts". B. Nuez. F. Rojo and M. Salas. Centro de Biología 

Molecular (CSIC-UAM) Universidad Autonoma, Cantoblanco, 28049 

Madrid. Spain. 

Trancription of the late genes of Bacillus subtillis phage 029 occurs from 

P A3 promoter. This prometer is located adjacent to the divergently 

transcribed main early promoter (PA2b). Protein p4 binds toa DNA region 

located between positions -56 and -102, relative to PA3 transcription start site, 

activating PA3 transcription while repressing PA2b. It has been shown that 

binding of protein p4 and RNA polymerase to PA3 is highly cooperative and 

that a correct stereospecific alignment of both proteins ls required for 

activation . 

The role of protein p4 in transcription initiation has been analysed 

kinetically . The proteil1 p4 major activating effect was shown to be in closed 

complex formation with little or no effect in subsequent steps of the 

ini tia tion process. 

The role of direct protein-protein interactions between protein p4 and RNA 

pOl)rmerase in the initiation process was investigated by band-shift assays. A 

DNA fragment containing the PA3 prometer was digested at position -56, 

relative to the PA3 transcription start point, producing two DNA fragments 

that contained either the protein p4 binding site, upstream from position -

56, or the RNA polymerase binding region. Two findings werc taken as 

evidence for direct protein-protein contacts between the regulator and the 

RNA polymerase. First, the RNA polymerase could retard specifically the 

DNA fragment containing protein p4 binding site only in the presence of 

protein p4 and second, its binding to the fragment containing the PA3 

transcription start site was greatly enhanced by protein p4. Neither of these 

effects were obtained if a mutant protein p4, that efficiently recognizes its 

binding site but does not actívate transcription from PA3, was used. Thls 

mutant protein only lacks twelve amino acids at its carboxyl-end, suggesting 

that interactions with the RNA polymerase are maintained through a 

specific region of protein p4. When E. coli RNA polymerase was used 

instead of B. suhti/is RNA polymerase, retardation of DNA fragments in the 

presence of protein p4 was not obtained. 

These results strongly suggest that the protein p4 stimulation of c!osed 

complex formation could be mediated by specific protein-protein 

interactions between protein p4 and B. subti/is RNA polymerase. 
Instituto Juan March (Madrid)



70 

PROTEIN-INDUCED BENDING COULD ACT AS A TRANSCRIPTIONAL 

SWITCH FACTOR IN VIVO 

Pérez-Martín, José & Espinosa, Manuel. 

Centro de Investigaciones Biológicas. CSIC. Velazquez 144.28006 Madrid (Spain). 

Gene exprcssion in prokaryotic organism is controUed by DNA-binding protcins. Many of these 

rcgulatory proteins bcnd cognate DNA sequenccs upon binding, but whethcr thc rcsulting DNA curvaturc 

forros part of the mechanism for transcription initiation remains uncertain. To study the effects of protcin· 

induced DNA bending in transcription initiation in vivo, we have examined the cffect of subsútuting the 

CAP site of the E. coli f::~ :::pcr.::;;; by tl1e hcterologous binding site of the DNA-bending rcpressor RepA 

from the pneumococcal pLSl plasmid. The fur gene is expressed from two tandcm ovcrlapping promoters, 

being their -35 and ·10 regions located at opposite sides of the DNA helix. Under catabolite repression 

conditions, acúvity of the downstream promoter P A (placed at the opposite helix side of the CAP-binding 

sequence) is paraleUed by a decrease in transcripúon from the upstream promoter P8 . On the contrary, 

transcripúon from P8 (located at the same helix side than the CAP binding site) is stimulated in condiúons 

of catabolite acúvaúon, with simultaneous repression of the downstream promoter P A· 

How is thc transcriptional switch effccted in the fur operon?. Thc data obtained suggest a model 

for the transcriptional switch in which bending is a crucial step for alterna te promoter activation/repression. 

The presence of a DNA curvature on the rigth or wrong side of thc RNA polymerase binding site has been 

show to activate or to repress, altemativcly, the activity of corresponding promoter. In the case of natural 

promoters, tandemly-located, such as those prcscnts on the fur or ga/ operons, RNA polymerase binding 

to constitutive basal promoter may contribute to repress transcription from the catabolite·responsive 

promoter, bccausc the RNA polymerasc gcncrate itsclf a bcnd at the opposite DNA helix sidc. Only whcn 

the activator protein binds to its upstream site, the activator-induced bend counteracts the polymerase­

induccd bend at the constitutivc promotcr and may drivc thc RNA polymcrasc into the catabolite-rcsponsive 

promoter. The activator-induced bend, reinforccd with the RNA polymerase-induced bend at the activator­

rcsponsivc promoter, could help to inhibit thc transcription of basal promoter, locatcd now at thc wrong 

face of the bcnd. 

Intrinsic or protein-induccd DNA bends may incrcase the interaction of RNA polymerases and 

other DNA-binding proteins, "poised" at high affinity sites, towards nearby low affinity sites, thus adding 

another lcvel of complexity to transcriptional regulatory circuits. 
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In VIvo Thermodynamlc Analysls of Looplng as a Functlon of 
lnteroperator Dlstance In lac Constructs: Estlmates of Free and Local lac 
Repressor Concentratlons and of Physlcal Propertles of the lnteroperator 

Reglon of Supercolled Plasmld DNA 

Paula J. Richey1, Scott M. Law§, Gregory R. Bellomy, 
and M. Thomas Record, Jr.1§ 

Departments of Biochemlstry§ and Chemistry1 

University of Wisconsin-Madison 
Madison, Wl. 53706 U.S.A. 

A strong-binding primary {0+) lac operator located 100-200 basepairs upstream 
of a /ac prometer control regien reduces expresslon from a lac prometer contrelled by a 
weaker binding (OC) /ac operator between three- and twenty-fold en a multicopy plasmid 
in E. coli. We attribute this effect to loop formatien in which a thermodynamically stable 
cemplex is formad between bldentate lac repressor tetramers and the O+ and OC 
operators. We have usad this looping assay to characterize the physical propertles of 
the intervening DNA region in vivo. The extent of expression is a periodic function of the 
distance In base palrs between the O+ and the OC operators. The periodiclty ef 
modulation is 11.28±0.04 basepalrs, which we interpretas the helical repeat of this 
region of supercoiled plasmld DNA in vivo. Posslble origlns of this altered hellcal repeat 
lnclude the globalllnking deficlt of the supercollad DNA and any locallinking deficít 
induced by divergent transcription frem promoters bracketlng the interoperator region. 
By application of a thermodynamlc modal for repression and the analysis developed for 
DNA cyclization, we calculate that the local concentratlon of /ac repressor at the OC sita 
from looping varias perfodically In the range 4-40 JlM, wtth an amplitude which 
decreases monotonlcally with increaslng interoperator dlstance in the ranga examinad. 
(For comparfson, we estimate that the thermodynamic actlvity of lac repressor is less 
than 2 J.1M in thls straln.) The DNA cycllzation analysis also yields an apparent in vivo 

persistence length of63±26 A (whlch ls -15% of the In vivo result) andan in vivo 
torsional rfgldity constan! of {1.1±0.1 )x1 Q-19 erg cm (which is at the lower end of the 
ranga ot values found in vitro) for this DNA segment. 
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DN A supercoiling stabilizes open complexes formed al the m a in 
early and late promoters of Bacillrts subtilis phage 029 

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

Transcription of phage 029 genome takes place in two stages . Early genes 
are transcribed from severa! promoters, of which PA2h is the main one. 
Late genes are expressed from a single promorer named PA3, which is 
adjacent to PA2b but is transcribed in the opposite direction (1). 
Transcription from PA 3 requires the viral early protein p4, a 
transcriptional regulator that activates PA 3 while simultaneously 
repressing P A 2 b (2,3). 

The study of a nurnber of strong B. suhtilís promoters in linear templares 
has recently led to propose that promoters in this organism fall into two 
classes: those forming stable open complexes with crA-RNA polymerase 
and those giving rise to unstable complexes, that can be dissociated by a 
competüor challenge (4). In Jine with this finding, we have observed that 
open complexes formed by crA-RNA polymerase at the regulated 029 
P A2b and PA 3 promoters in linear templates are unstable, being sensitivo 
to heparin challenge. The presence of the two initiating nucleoside 
triphosphates could only stabilize these complexes to a low extent. 
lnterestingly, the introductíon of moderate or high DNA supercoiling 
significantly stabílized the open complexes at both promoters . The 
overall effect of DNA supercoiling on the activity of both promoters was 
neverthele.ss different: it consíderably stimulated PA2b while it had no 
effect or was moderately inhibitory for PA3 in the presence of protein p4. 
The behaviour of this class of B . subtilis promoters is therefore analogous 
to the Escherichia coli ribosomal RNA promoters which, unlike the 
majority of E. coli promoters, also form unstable open complexes with 
cr70-RNA polyme.rase that are stabilized by DNA supercoiling (5). 

References: (1) Mellado et al. (1986), .T. Mol. Biol. 191:191-197; (2) 
Barthelemy & Salas (1989), J . Mol. Biol. 208: 225-232; (3) Rojo & Salas 
(1991), EMBO .T. 10: 3429-3438; (4) Whipple & Sonenshein (1992), J .MoL. 
Biol. 223: 399-414; (5) Leirmo & Gourse (1991), J. Mol. Biol. 220: 555-
568. 
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Regulation of psrD, a stabllity system of plasmld R1 
Maria Jesús Ruiz Echevarrfa, Alfredo Berzal Herranz, Kenn Gerdes•, Ramón Dfaz Orejas. 
Centro de Investigaciones Biológicas (CSIC). Velazquez 144, 28806 Madrid. • Department of 
Molecular Biology, University of Odense, Campusvej 55, Odense M. Dinamarca. 

parO is a stability system of plasmid R1 that ls located In a region adjacent to the basic repllcon 
of the plasmid (1 ). This system is normaly sylent but its derepression greately lncreases the 
maintenance of the R1 replicon In the bacteria! populations (1 ). This stabillzlng effect ls 
modulated by the action of the two proteins of the system, a kllling protein, Kid , and a proteln, 
Kls, that antagonizes the killer (1,2). Analysis of parO sequences (1) and characterlzatlon of 
parO transcripts (3) indicates that the kis and kid genes form an operon in whlch the kis gene 
is transcribed first. 

A detailed analysis of the regulatory role of the Kis and Kid proteins inidicates that they act 
coordinately to repress at the transcriptional level expression of the system and that the Kis 
protein alone has a weak regulatory activity (3). Derepression of parO originales two 
transcrlpts, that occur with similar aboundance and that have similar stability: a polycistronic 
messanger and a shorter transcript that codes only for the antagonlst of the system. The shorter 
transcrlpt terminales withln kid and after a sequence that can form an stem-loop structure. 
However a detallad analysis indicates that thls structure does not seems to act as a 
transcriptlonal termlnator. Polarity and translational coupling preven! synthesls of the klller 
protein when the antagonist is not synthesized. 
These data indicate that synthesis of the first componen! of parO , the antagonist, is favored, 
both at the transcrlptional and postranscriptional levels, over synthesis of the killer. 

We have found that the parO system is transcriptionaly derepressed when replication of the 
plasmid is inefficient and that this derepression is associated with a clear stabilization of the 
plasmid. Further analyses indicate that this stabilization is due at least to two effects: 
counterselection of segregants and increased etficiency of replication. The recovery In 
replication seems to occur at the expenses of the autoregulatory potential of the system, 
indicating a direct role of Kis and/or Kld in this effect. Copy number mutations, that restare the 
efflciency of plasmid replication, switch-off expression of parO. This indicates that gene dosage 
regulates expression of the system and suggests that derepression of the parO system when 
replication ls lnefficient, is triggered initially by low gene dosage. 
These data underline the interlink between the basic replication functions of R1 and the parO 

stability system (both at the levels of regulation and activity), and suggest that the close 
assotiation of both regions is functional. 

(1)Bravo,A., Torrontegui,G., and Dfaz,R (1987). Mol. Gen. Gene!. 210, 101-110. 
(2)Bravo,A., Ortega,S., Torrontegui,G., and Díaz,R. (1988) . Mol. Gen. Genet. 215, 146·151 . 
(3)Rulz-Echevarrra, M.J., Berzai-Herranz,A., Gerdes,K., and Diaz-Orejas,R. (1991). Mol. 

Microbio!. 5, 2685-2693. 

This work has been founded by Projects from the Spanish CICYT, 81088- 049 and 81091-1055 . 
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Concluding Comments 

E. Pe ter Geiduschek 
Department of Biology 

University of California, San Diego 
La Jolla, CA 92093-0634 

It is tricky to discharge the task of offering concluding comments to the participants of a 

workshop; for readers of these abstracts, the task is different, but no easier. For partipants, there 

are severa! things to avoid: (1) Offering a conscientious summary of the meeting, pointing out 

the highlights, or offering parting personal insights is not particular! y useful. In the first place, 

the participants do not need that. Moreover, it is the spontaneous and multilateral exchanges of 

ideas, in direct response or challenge to just-presented information, that mak:e workshops such as 

this particular! y valuable for the fortunate participants. Sifting what is significant and might 

stimulate new experiments or thinking is very much an individual task. (2) Telling those assem-

bled what is important todo next is not likely to be appreciated. This is not, after all, the human 

genome project! People who work in our field ha ve already demonstrated their stubbom ten-

dency to independence of judgment and their preference for making their own decisions about 

what fascinates and moti vates them, the shifting winds of fashion to the contrary notwithstand-

ing. 

For the non-participan! reader of this booklet, many of the abstracts are sufficiently detailed 

to serve as capsule reviews. What they lack is the presentation of latest results and substantial 

changes of emphasis in sorne of the presentations at the workshop. Nevertheless, the abstracts 

are superior toa brief summary. 

It is, I hope, instead useful to add a more general but widely agreed-upon judgement of the 

research enterprise of which this workshop is a manifestation: that it is in robust intellectual and 

creative shape. At the workshop, this was demonstrated in two ways. New insights were offered 
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into problems that have been studied for two decades or more and ha ve been regarded as under­

stood, at least in respect to what has been conventionally thought to be "importan!" to know, for 

much of that time. Nevertheless, the sus tained drive to understand what is really going on is 

currently being rewarded with fundamental new insights into a number of these classical prob­

lems, including the mechanism of RN A chain elongation, the modes of interaction of proteins 

with RNA polymerase that generate positive transcriptional regulation, and regul atory anti­

termination of transcription by the phage A. gene Q protein . Digging constantly deeper is in the 

tradition of the "harder" physical sciences; in the field of transcription, it is a tradition that, at 

leas! for the time being, is most readi ly followed by working with sorne of the classical problems 

of prokaryotic gene regulation. The reasons for this rest partly with material advantages : the 

availability of powerful genetic systems, tractable le veis of biochemical complexity, large and 

reliable bodies of relevan! information. Equally importan! is a working milieu that tends to hold 

to meticulous standards of experimental analysis and toa punctilious regard for the rules of evi­

dence. Al so importan! is an appreciation, on at leas t a pan of the research community that is 

engaged in this kind of work, for the enormous chemical complexity of these problems, and for 

the poten ti al benefits of quantitative analys is. 

I hope that it is not too tri te to point out what the stakes of this kind of deep and detailed 

analysis are. It is, after all , clear that a11 transcription apparatus evolves from common historical 

roots and operates within common chemical constraints. As a direct consequence of this, 

sufficiently basic insights about transcriptional mechanisms are almost certain to ha ve universal 

implications. 

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

relatively new to detailed investigation at the molecular leve!. Justas there is great promise in 
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the deep analysis of what we already know something about, there is also enorrnous excitement 

in realizing how vast is the unexplored territory before us. The greatest pan of evolution has 

happened in the prokaryotes; the animals, plants and fungi together represent ten percent or less 

(Woese, 1990). It is a foregone conclusion that the largely unexplored biological diversity of 

prokaryotes will yield genuine novelty in gene regulation. 

Many of the presentations at the workshop fit somewhere in between these roughly orthog­

onal modes of exploration. Severa! presentations concemed multiprotein-DNA complexes that 

contort DNA as they generate regulated transcriptional activity. Other talks dealt with 

transcription-regulatory manifestations of bacteria! chromatin structure, still difficult to define 

clearly and precisely at the molecular and mechanistic level, though now (happily, 1 think) on 

the minds of many. The remarkable interplay between cell-cell communication, signal transduc­

tion pathways, cell differentiation and serial changes of transcriptional regulation in bacteria! 

sporulation was sketched in one presentation. Enhancer-like systems and the principies on 

which they operate were al so discussed. For the participants of the workshop, this breadth of 

coverage and the selection of topics was exhilarating and thought-provoking. It is hoped that, 

for others, these abstracts will provide access to current thinking about sorne of these problems, 

and that they will be of sorne help to those who are interested in watching out for what comes 

next or, better still, joining the game. 

C.R. Woese·(l990). Proceedings ofthe National Academy of Sciences, USA, 87,4576-4579. 

Instituto Juan March (Madrid)



LIST OF INVITED SPEAKERS 

Instituto Juan March (Madrid)



83 

Workshop on 

TRANSCR.TPT.TON INITIATION IN PROKARYOTES 

S. Adhya 

11. flujard 

S. flusl>y 

M •• T. Chamberlin 

R./l. Ebrigf¡t 

M. Bs p .inosa 

E.P. Ge iduschek 

R. L. Gourse 

C. A . Gross 

T,ist of Invited Speakers 

Laboratory of Molecular Biology, 
Nat i onal Cancer Institute, National 
.Tnstitutes of Health, Bethesda, MD. 
20892 ([]SA) . 
Fax : 1 (301) 402 13 44 

ZMRH, Universit.y of Heidelberg, Im 
Neuenhe.imer Feld 282, DW-6900 
Heidelberg (Germany). 
Fax : 49 06221 565 892 

School of Biochemistry, University of 
Birmingham, Edgbaston, Birmingham Bl5 
2TT (U.K.). 
Tel.: 44 021 414 54 00 
Fax : 44 021 414 39 82 

Division of Biochemistry and Molecular 
Biology, University of California, 
Berkeley, 401 Barker Hall, Berkeley, 
CA. 94720 (USA). 
Fax : (5.10) 643 50 35 

Department of Chemistry and Waksman 
Institute, Rutgers Un i versity, Ne w 
Brunswick, N.J. 08855 (USA). 
Fax : (908) 932 57 35 

Centro de Investigaciones Biológicas, 
c.s . .r.c., c/Ve1ázque ?., 144, 28006 
Madr.id (Spain). Fax: 341562 7518 

Department of Bi o1ogy, Center for 
Molecular Genetics, University of 
California at San Diego, 9500 Gilman 
Drive, La Jolla, CA. 92093-0634 (USA). 
Fax : (619) 534 70 73 

Department of Bacteriology, University 
of Wisconsin-Madison, E.B. Fred Hall, 
1550 Linden Drive, Madison, WI. 53706 
(USA). 
Tel.: 608 262 29 14 
Fax : 608 262 98 65 

Department of Bacteriology, University 
of Wisconsin, 1550 Linden Drive, 
Madison, WI. 53706 (USA). 
Tel.: 608 262 29 14 
Fax : 608 262 98 65 

Instituto Juan March (Madrid)



S. Kustu 

J. Roberts 

L. Rothman-Denes 

H. Salas 

R. Schleif 

P. Stragier 

w.c. Sub 

84 
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246 Workshop on Tolerance: Mechanisms 
and implications. 
Organizad by P. Marrack and C. Martí­
nez-A. Lecturas by H. von Boehmer, J. 
W. Kappler, C. Martínez-A., H. Wald­
mann, N. Le Douarin, J. Sprent, P. Mal" 
zinger, R. H. Schwartz, M. Weigert, A. 
Coutinho, C. C. Goodnow, A. L. DeFran­
co and P. Marrack. 

247 Workshop on Pathogenesis-related 
Proteins in Plants. 
Organizad by V. Conejero and L. C. Van 
Loon. Lecturas by L. C. Van Loon, R. Fra­
ser, J. F. Antoniw, M. Legrand, Y. Ohashi, 
F. Meins, T .. Boller, V. Conejero, C. A. 
Ryan , D. F. Klessig, J. F. Bol, A. Leyva 
and F. García-Oimedo. 

248 Beato, M.: 
Course on DNA - Protein lnteraction. 

249 Workshop on Molecular Diagnosis of 
Cancer. · 
Organizad by M. Perucho and P. Garcia 
Barreno. Lecturas by F. McCormick, A. 
Pellicer, J. L. Bos, M. Perucho, R. A. 
Weinberg, E. Harlow, E. R. Fearon, M. 
Schwab, F. W. Alt, R. Dalla Favera, P. E. 
Reddy, E. M. de Villiers, D. Slamon, l. B. 
Roninson, J. Groffen and M. Barbacid . 

251 Lecture Course on Approaches to Plant 
Development. 
Organizad by P. Puigdoménech and 
T. Nelson. Lecturas by l. Sussex, R. S. 
Poethig, M. Delseny, M. Freel ing, S. C. de 
Vries, J. H. Rothman, J. Modolell, F. Sala­
mini, M. A. Estalle, J. M. Martínez Zapater, 
A. Spena, P. J. J. Hooykaas, T. Nelson, 
P. Puigdoménech and M. Pagés. 

252 Curso Experimental de Electroforesis 
Bidimensional de Alta Resolución. 
Organizado por Juan F. Saritarén. Semi­
narios por Julio E. Celis, James l. Garrels, 

Joel Vandekerckhove, Juan F. Santarén 
y Rosa Assiego. 

253 Workshop on Genome Expression and 
Pathogenesis of Plant RNA Viruses. 
Organizad by F. García-Arenal and P. Pa­
lukaitis. Lecturas by D. Baulcome, R. N. 
Beachy, G. Boccardo, J. Bol , G. Bruening, 
J. Burgyan, J. R. Díaz Ruiz, W. G. Dou­
gherty, F. García-Arenal, W. L. Gerlach, 
A. L. Haenni, E. M. J. Jaspars, D. L. Nuss, 
P. Palukaitis, Y. Watanabe and M. Zaitlin. 

254 Advanced Course on Biochemistry and 
Genetics of Yeast. 
Organizad by C. Gancedo, J. M. Gance­
do, M. A. Delgado and l. L Calderón. 

255 Workshop on The Reference Points in 
Evolution. 
Organizad by P. Alberch and G. A. Dover. 
Lecturas by P. Alberch , P. Bateson, R. J. 
Britten, B. C. Clarke, S. Conway Morris, 
G. A. Dover, G. M. Edelman, R. Flavell , 
A. Fontdevila, A. Garcia-Bellido, G. L. G. 
Miklos, C. Milstein, A. Moya, G. B. Müller, 
G. Oster, M. De Renzi , A. Seilacher, 
S. Stearns, E. S. Vrba, G. P Wagner, 
D. B. Wake and A. Wilson. 

256 Workshop on Chromatin Structure and 
Gene Expression. 
Organizad by F. Azorín, M. Beato and 
A. A. Travers. Lecturas by F. Azorín, M. 
Beato, H. Cedar, R. Chalkley, M. E. A. 
Churchill, D. Clark, C. Crane-Robinson, 
J. A. Dabán, S. C. R. Elgin, 11.4 . Grunstein, 
G. L. Hager, W. Hórz, T. Koller, U. K. 
Laemmli, E. Di Mauro, D. Rhodes, T. J. 
Richmond, A. Ruiz-Carrillo, R. T. Simpson, 
A. E. Sippel, J. M. Sogo, F. Thoma, A. A. 
Travers, J. Workman, O. Wrange and 
C. Wu. 
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257 Lecture Course on Polyamines as mo­
dulators of Plant Development. 
Organized by A. W. Galston andA. F. Ti­
burcio. Lectures by N. Bagni, J. A. Creus, 
E. B. Dumbroff, H. E. Flores, A. W. Galston, 
J. Martin-Tanguy, D. Serafini-Fracassini, 
R. D. Slocum, T. A. Smith andA. F. Tibur­
cio. 

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

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

260 Lecture Course Molecular Biology of 
the Rhizobíum-Legume Symbiosis. 
Organized by T. Ruiz-Argüeso. Lectures 
by T. Bisseling, P. Boistard, J. A. Downie, 
D. W. Emerich, J. Kijne, J. Olivares, 
T. Ruiz-Argüeso, F. Sánchez and H. P. 
Spaink. 

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

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

Salas. Lectures by D. Gelfand, K. Hayashi, 
H. H. Kazazian, E. Martínez-Salas, M. Me 
Clelland, K. B. Mullís, C. Oste, M. Perucho 
and J. Sninsky. 

264 Workshop on Yeast Transport and 
Energetics. 
Organized by A. Rodríguez-Navarro and 
R. Lagunas. Lectures by M. R. Chevallíer, 
A. A. Eddy, Y. Eilam, G. F. Fuhrmann, A. 
Goffeau, M. Hofer, A. Kotyk, D. Kuschmitz, 
R. Lagunas, C. Leao, L. A. Okorokov, A. 
Peña, J. Ramos, A. Rodríguez-Navarro, 
W. A. Schetfers and J. M. Thevelein 

265 Workshop on Adhesion Receptors in 
the lmmune System. 
Organized by T. A. Springer and F. Sán­
chez-Madrid. Lectures by S. J. Burakoff, 
A. L. Corbi-López, C. Figdor, B. Furie, J. 
C. Gutiérrez-Ramos, A. Hamann, N. Hogg, 

L. Lasky, R. R. Lobb, J. A. López de Cas­
tro, B. Malissen, P. Moingeon, K. Okumu­
ra, J. C. Paulson, F. Sánchez-Madrid, S. 
Shaw, T. A. Springer, T. F. Tedder andA. 
F. Williams. 

266 Workshop on lnnovations on Protea­
ses and their lnhibitors: Fundamental 
and Applied Aspects. 
Organized by F. X. Avilés. Lectures by T. 
L. Blundell, W. Bode, P. Carbonero, R. 
W.Carrell , C. S. Craik, T. E. Creighton, E. 
W. Davie, L. D. Fricker, H. Fritz, R. Huber, 
J. Kenny, H. Neurath, A. Puigserver, C. 
A. Ryan , J. J. Sánchez-Serrano, S. Shal­
tiel , R. L. Stevens, K. Suzuki , V. Turk, J. 
Vendrell and K. Wüthrich. 

267 Workshop on Role of Glycosyi-Phos­
phatidylinositol in Cell Signalling. 
Organized by J. M. Mato and J. Larner. 
Lectures by M. V. Chao, R. V. Farese, J. 
E. Felíu , G. N. Gaulton, H. U. Haring, C. 
Jacquemin, J. Lamer, M. G. Low, M. Mar­
tín Lomas, J. M. Mato, E. Rodríguez­
Boulan, G. Romero, G. Rougon, A. R. 
Saltiel, P. Stralfors and l. Varela-Nieto. 

268 Workshop on Salt Tolerance in Mi­
croorganisms and Plants: Physiological 
and Molecular Aspects. 
Organized by R. Serrano and J. A. Pintor-
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Toro. Lectures by L. Adler, E. Blumwald, 
V. Conejero, W. Epstein, R. F. Gaber, P. 
M. Hasegawa, C. F. Higgins, C. J. Lamb, 
A. Liiuchli, U. Lüttge, E. Padan, M. Pagas, 
U. Pick, J. A. Pintor-Toro, R. S. Quatrano, 
L. Reinhold , A. Rodriguez-Navarro, R. 
Serrano and R. G. Wyn Jones. 

269 Workshop on Neural Control of Move­
ment in Vertebrales. 

Texts published by the 

Organized by R. Baker and J. M. Delgado­
Garcia. Lectures by C. Acuña, R. Baker. 
A. H. Bass, A. Berthoz, A. L. Bianchi, J. 
R. Bloedel, W. Buño, R. E. Burke, R. Ca­
miniti, G. Cheron, J. M. Delgado-Garcia, 
E. E. Fetz, R. Gallego, S. Grillner, D. Guit­
ton, S. M. Highstein, F. Mora, F. J. Rubia 
Vila, Y. Shinoda, M. Steriade and P. L. 
Strick. 

CENTRE FOR INTERNATIONAL MEETINGS ON BIOLOGY 

Workshop on What do Nociceptors Tell 
the Brain? 
Organized by C. Belmonte and F. Cerveró. 
Lectures by C. Belmonte, G. J. Bennet, J. 
N. Campbell , F. Cerveró, A. W. Duggan, J. 
Gallar, H. O. Handwerker, M. Koltzenburg, 
R. H. LaMotte, R. A. Meyer, J. Ochoa, E. 
R. Perl, H. P. Rang, P. W. Reeh, H. G. 
Schaible, R. F. Schmidt, J. Szolcsányi , E. 
Torebjork and W. D. Willis Jr. 

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

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

4 Workshop on The Past and the Future 
of Zea Mays. 
Organized by B. Burr, L. Herrera-Estrella 
and P. Puigdoménech. Lectures by P. 
Arruda, J. L. Bennetzen, S. P. Briggs , B. 
Burr, J. Doebley, H. K. Dooner, M. Fromm, 
G. Gavazzi , C. Gigot, S. Hake, L. Herrera-

Estrella, D. A. Hoisington , J. Kermicle, M. 
Motto, T. Nelson, G. Neuhaus, P. Puigdo­
ménech, H. Saedler, V. Szabo andA. Viott i. 

5 Workshop on Structure of the Major His­
tocompatibility complex. 
Organized by A. Arnaiz-Villena and P. Par­
ham. Lectures by A. Arnaiz-Villena, R. E. 
Bontrop, F. 1111 . Brodsky, R. D. Campbell , 
E. J. Collins, P. Cresswell , M. Edidin , H. 
Erlich , L. Flaherty, F. Garrido, R. Germain , 
T. H. Hansen , G. J . Hiimmerling, J . Klein , 
J. A. López de Castro, A. McMichael , P. 
Parham, P. Stastny, P. Travers and J. 
Trowsdale. 

6 Workshop on Behavioural Mechanisms 
in Evolutionary Perspective. 
Organized by P. Bateson and M. Gomendio. 
Lectures by J. R. Alberts, G. W. Barlow, 
P. Bateson, T. R. Birkhead, J . Carranza, C. 
ten Cate, F. Colmenares , N. B. Davies, R. 
l. M. Dunbar, J. A. Endler, M. Gomendio, 
T. Guilford , F. Huntingford, A. Kacelnik, J. 
Krebs, J. Maynard Smith, A. P. M0ller, J. 
Moreno, G. A. Parker, T. Redondo, D. l. 
Rubenstein, M. J. Ryan , F. Trillmich and J. 
C. Wingfield . 
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The Centre for International Meetings on Biology 
has been created within the 

Instituto Juan March de Estudios e Investigaciones, 

a private foundation which complements the work 
of the Fundación Juan March ( established in 1955) 

as an entity specialized in scientific activities 
in general. 

The Centre's initiatives stem from the Plan 
for International Meetings on Biology , 

supported by the Fundación Juan March . 

A total of 30 meetings and 3 Juan March Lecture 
Cycles , all dealing with a wide range of subjects 

of biological interest , were organized between 
1989 and 1991 within the scope of this Plan . 

The Centre endeavours to actively and 
sistematically promote cooperation among Spanish 

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

and Experimental Courses, Workshops , Seminars, 
Symposia and the Juan March Lectures on Biology. 
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The lectures summarized in this publication 

were presented by their authors at a workshop 

held on the 15th through the 17th of }une, 

1992, at the Instituto Juan March. 

A ll published articles are exact 

reproductions of author's text. 

There is a limited edition of 350 copies 

of this volume, available f ree of charge. 


