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Plasmids are extrachromosomal genetic elements that replicate autonomously 

within their hosts. These elements have been isolated from eukaryotic and prokaryotic 

cells, and have helped to basic and applied research mainly on three areas: 

Environment, Molecular Biology, and Biotechnology. 

From the environmental point of view, one key feature of plasmids is their ability 
to colonize new hosts by various mechanisms of genetic exchange. In addition, plasmids 
are able to pick information from the host chromosome or from other plasmids and to 
transfer it to new hosts. This transfer of genes leads to a lateral gene spread in the 
environment, in which plasmids play a fundamental role. The ability of plasmids to 
colonize different hosts can be achieved by conjugation, mobilization, or transformation 

from the donor to the recipient cell through complex mechanisms not yet well 
understood. As a consequence of this lateral gene spread, plasmids contribute to the 
genetic traits of the host by supplying it with new information. This, in turn, may favour 
the adaptation and survival of the host in a changing environment. Severa! relevant 
genetic features are plasmid-bome, as it is the case of sorne resistances to antibiotic and 
to heavy metals. In addition, the ability to degrade many organic pollutants by soil 
bacteria is due to plasmid-encoded gene products. Thus, the knowledge gained in 
plasmid biology have helped to understand the appearance of new antibiotic-resistance 
traits and their spread among unrelated bacteria, as well as the design of new bacteria! 
strains to be used as detoxifying organisms. 

Many basic Molecular Biology studies have been performed with plasmids for 
various reasons: i) their relatively small size allows their manipulations; ii) since 
plasmids are no essential, their loss do not lead to undesireable consequences to the 
host, and iü) interactions between plasmid- and host-machinery can be studied. The use 
of plasmids has contributed to the understanding of fundamental processes as DNA 
replication and its control, analysis of transcription complexes, and influence of local 
DNA deformations on replication and on gene expression. Generally speaking, basic 
studies on plasmids have provided powerful tools to study DNA structure and function 
as well as DNA-protein interactions. 

In addition to the above, plasmids have been widely used as natural genetic 
vehicles to obtain a wide collection of artificial vectors. They can be designed to 
construct useful bacteria! strains containing and expressing new genetic information of 
biotechnological relevance. As a consequence, bacteria! strains harbouring recombinant 
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plasmids are being employed in a variety of products designed for human and animal 

welfare. However, the release to tbe environment of bacteria! species genetically 

manipulated, and its potential impact on the environrnent, has posed a problem to the 

scientific community as it has raised sorne concerns in tbe society. This implies that 

detailed anaylises are needed, both in pure cultures and in more natural ecosystems, on 

severa! plasmid functions related to their lateral spread. Sorne of these studies should 

be focussed on: i) mechanisrns of transfer among hosts; ii) features of colonization and 

establishment in new hosts; üi) mechanisms of replication and its control; iv) plasmid

genetic exchanges, and v) self-contained bacteria! strains and plasmids. 

Up to now, Plasmid Biology has been approached either from molecular 

biologists or from microbial ecologists. These groups have had little communication 

among them. However, the time has come in which a confluence between molecular and 

ecological approaches will enrich this field with the posing of new questions and the 

sharing of methods. All these reasons led to the co-ordinators of this Workshop to 

organize, for tbe first time, a meeting between leading scientists working on molecular, 

ecological and clinical aspects of plasmid biology. We were fortunate that this initiative 

was taken by the Juan March Foundation, which provided the economic and logistic 

support to organize this Worksbop on "Molecular Biology and Ecology of gene transfer 

and propagation promoted by plasmids". We believe that this first gathering will be 

fundamental in promoting similar kind of initiatives in a near future that willlead to the 

confluence between Molecular Biology and Microbial Ecology in a new and fast 

developing discipline, the Molecular Ecology. 
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REPLICA TlON ANO ST ABLE MAINTENANCE SYSTEMS 
OF BROAD HOST RANGE PlASMIDS 

D.R. Helinski, Department of Biology and Center for Molecular Genetics, University of 
California, La Jolla, California 

lt is clear that in addition to the regulatíon of initiation of plasmid replícation a 
number of other factors, plasmid and bacteria! host encoded, contribute to the stable 
maintenance of broad host range plasmid elements. Our own laboratory has 
concentrated our research efforts on the broad host range plasmid RK2 which is 
capable of replication and stable maintenance in a wide-range of Gram-negative 
bacteria. We have focused largely on the biochemical properties of the RK2 replication 
initiation protein TrfA, the iteron-rontaining origin of replication of this plasmid, anda 
3.2kb region of RK2 that provides stable maintenance in all Gram-negative bacteria 
tested to date. The TrfA protein binds specifically to the iterons at the origih of 
replication and likely forms a higher arder nucleoprotein complex lnvolving host 
replication proteins. This suggests that TrfA has the exceptic>nal ability of interacting 
with host proteins from a diverse set of bacteria. Structure-function analysis of TrfA 
has identified regions of this protein that may be especially important in its interactions 
with host proteins. The additional ability ot the TrfA protein to couple two RK2 origins 
ot replication may play a role in the regulation of copy-number of this plasmid. 

Although the TrfA protein and the RK2 origin of replicatlon are sufficient for the 
replication of this plasmid in different Gram-negative bacteria, stable maintenance of 
the plasmid requires other plasmid encoded sequences. A majar contributor to stable 
maintenance is a ·i"egion of the plasmid (3.2 kb in size) that specifies a multimer
resolution system, a toxin-antitoxin system capable of killing cells .under conditions of 
plasmid loss and possibly other stabilizing functions. The toxin-antitoxin system, 
encoded by a 0.7 · kb segment, in itself is capable of providing a substantial tevel of 
stabilization in severa! different and diverse Gram-negative bacteria. However, full 
stabilization generally requires the entire 3.2 kb segment under conditions Where, at 
least in E. coli, significant amounts of multimers are not formed, suggesting additional 
stabilizing functions for this segment. 

The plasmid encoded elements described above clearly play an important role in 
the propagation of this plasmid amongst distantly related bacteria. When one 
examines the intact RK2 plasmid, it is just as clear that other elements specified by this 
plasmid, in addition to transfer functions, also are very likely to play a role in thé high 
degree of promiscuity exhibited by this extra chromosomal element. The contiriued 
analysis of the RKZ class of plasmids in addition to other piasmids, · both narrow and 
broad host range, will undoubtedly reveal severa! major processes that account for a 
naturally occurring plasmid occupying either a specific bacteria! niche or being capable 
of stable maintenance in a range of bacteria! hosts. 
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Overview on bacterial conjugation: similarities and 

differences among bacterial DNA transfer systems 

Fernando de la Cruz 

Departamento de Biología Molecular, Universidad de Ca ntabria, 
Santander, SPAIN. 

Conjugation is an important evolutionary tool for bacteria. 
The genetic information for conjugal DNA transfer is coded for 
by a variety of plasmids in Gram-negative bacteria. By means of 
conjugation, plasmids spread among bacterial populations, and 
colonize very distantly related genera. Plasmids carry also 
accessory genes , including transposons, which help bacterial (and 
plasmid!) survival. Not only can conjugative plasmids transfer 
their own DNA, they can mobilize other plasmids, which can be 
transferred in the presence of the conjugative plasmid in the 
same bacterial cell. Finally, they can also mobilize chromosomal 
genes, producing merodiploid cells and thus contributing also to 
chromosomal evolution. A lot of information concerning 
conjugation has recently been compiled in an excellent collection 
of reviews edited by D.B. Clewell (1993). 

The prototype conjugative system is that of plasmid F 
(TRAp). It occupies 34 kb of DNA and contains more than 30 genes 
involved in one or more of a discrete number of steps in which 
the conjugation process has been dissected: 
1. Pilus and mating pair formation 
2. Stabilization of mating pairs 
3. Processing of DNA for conjugation 
4. Surface e xc l usion 
5. Regu l ation 

Broadly speaking, there are two general classes of transfer 
systems in Gram-negative bacteria. Those that conjugate well in 
liquid media (which produce flexible pili} , and those which can 
only transfer in solid media (which produce rigid pili). There 
are also pilus-specific phages, and transfer systems can be 
·classified according to phage-sensitivit y. 

Among conjugative plasmids, the genetic organization and 
complete nucleotide sequence of only three groups is presently 
known: TRAp, TRAp and TRAw. Several others have been partially 
sequenced: TRA11 TRAN and TRATi. They a l l show sorne commonalities, 
which probably reflect that t hey share a common molecular 
mechanism for the DNA transfer process . In TRAw , the tra genes 
are nicely organized in two reg ions: PILw contains ten genes 
(trwDEFGHIJKLM) involved in pilus synthesis, export and assembly, 
and MOBw conta ins three genes (trwABC ) invo lved in DNA processing 
for conjugation (Llosa et al., 1994 ) . Other TRA systems have no 
s o clear cut or ganization; TRAp has a lso two separate regions, 
Tra2 being equiva lent to PILw, while Tral is far more c ompl icated 
than MOBw . TRAp contains a s ingle oper on with over thirty genes, 
in which the genes equi valent t o MOBw occupy the d i stal part . 
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Several of the proteins involved in the transfer process are 
significantly related in their primary sequence. These 
similarities appear even more fundamental if we consider that 
they are also conserved in two other systems. The vir system 
responsible for the transfer of the T-DNA from Agrobacterium 
tumefaciens to plant cells, and the ptl system, implicated in the 
export of the pertussis protein toxin from Bordetella pertussis 
(S. Bolland, M. Llosa and F. de la Cruz, unpublished). 

Although usually different transfer systems can coexist in 
a cell, they interact with each other, in processes that have not 
been studied in much depth. One important interaction is called 
"fertility inhibition". Related transfer systems can have 
regulatory elements that can act upon the heterologous systems. 
This is the well-known case of plasmid F, being inhibited in its 
transfer ability by fi+ plasmids. But also much less related 
transfer systems like TRAN, TRAp and TRAw affect each other 
fertility. 

Another kind of interaction is the mobilization of one oriT 
by a heterologous TRA system. These interactions appear to be 
very plasmid-specific for different conjugative plasmids, but are 
far more relaxed for mobilization of a special set of plasmids 
that are mobilizable but non-conjugative. Mobilizable plasmids 
are small, and can also be grouped in several related groups, 
although a systematic analysis of the molecular species, as 
carried out for conjugative plasmids, is not yet available. 
Several of them have been completely sequenced and there is 
genetic information about the genes involved in the mobilization 
process. Perhaps the best known examples are RSF1010, pSC101, 
ColEI and CloDF13. They are mobilized by the different 
conjugative plasmids widely variable efficiencies, and the 
reasons for it are beginning to be understood (Cabezón et al., 
1994) • 

In order to have a coherent picture of the molecular basis 
of conjugation in the bacterial kingdom we need to know more 
about the diversity of the TRA systems, and the specialization 
that a given system has undergone to adapt to a particular 
ecosystem. 
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lncP·Piasmid·Mediated Bacteria! Conjugation: 
Functional Analogy to the Ti Plasmid T -DNA Transfer from Agrobacteria to 

Plant Cells 

Erieh Lanka, Wemer Pansegrau, Dietmar Balzer, Petar Seheiffele, Monika Lessl, 
Jana Haase and Rudi Lurz 

Max·Pianck·lnsütut für Molekulare Geneük, Abteilung Schuster, 
lhnestrasse 73, Dahlem, D-14195 Berlín, F.R.G. 

Plasmids of the incompatibility group P (lneP) are large self-transmissible broad host range 
plasmids carrying mulüple antibiotie resistance determinants. The prototype lneP plasmid 
RP4 (60,099 bp) can replieate in diverse Gram-negative organisms. RP4 was originally 
discovered In a Pseudomonas clinical isolate. However, the host range identified by 
conjugaüve transfer ability ls considerably greater than the range of vegetative replicaüon. 
Suitable shuttle vector construcüons carrying the lncP transfer system allow traclng ot DNA 
transfer from Gram-negaüve organisms to Gram-posiüve bacteria and to yeasts. 

Functlons responsible for conjugative transfer of RP4 are encoded by two diaünct regions 
on the genome known as Tra1 and Tra2. Essential transfer funetlons • the core ot the Tra 
regions • were idenüfied and evaluated by genetic anaiyses (1, 2, 3, 4). Transfer functlons 
are elasslfied In two groups: the DNA transfer and replication system (Dtr) and the maüng 
pair formaüon apparatus (Mpf) involved in bringing the donor and reclpient cell into an 
lntlmate contact during conjugation. Dtr genes exclusively map in Tra1. This region consists 
of at least three operons and ineludes the origln of tranafer (oriT) an intergenic region 
between the leader and the relaxue operon. Dtr funetions particlpate In relaxoaome 
fonnatlon • the iniüation complex of the transfer replicaüon proeess (5). Relaxosomal 
components TraJ and TraK are orlT specific blnding proteins each of them recognizing 
sequenees/structures adjaeent to the cleavage site (nio). Complex formation of TraJ • orlT 

wlth Tral • the relaxase - eventually results in cleavage at the nick site (nic) of oriT by 
transesterification between the deoxyeytidyl residue at nic and the hydroxyl of tyrosine 22 of 

Tral. Generatlon of the single plasmid strand destined to be transferred may resemble a 
rolling c:lrcle type of mechanism (6). ONA transfer is thought to occur via Tral-piloted single
stranded intennedlates that maybe eoated by the Trae protein (7). The DNA-TraC complex 
is likely to be transported through a channel or pore at the mating bridge between donor 
and reeiplent cell. Formaüon of the channel might depand on gene products of the Mpf 
system. Mpf genes map in Tra2 (trbB, e, D, é, F, G. H, /, J, K and L) and lnclude treF of 

Tra1 (4). 

Requirements of the Mpf apparatus were defined by two phenotypie observations: 0) donor 
specific phage propagatlon, i.e. tncP plasmid dependent phage growth, (ii) mobilization of 
the non-eonjugative transmissible lneQ plasmld RSF1010. RSF1010 specifies its own 
relaxosome, however, relies on Mpf components for lts transfer of conjugative plasmids. 
RSF1010 mobilizaüon by RP41n addition to Mpf requlres traG of Tra1 . The Mpf system (11 
plasmid-encoded components) is believed to funcüon in several processes: (i) pilus 
assembly snd erectlon, (ii) contact formation and maintenance during conjugation between 
donor and reelplent \lia recognition of the recipient by the pllus and subsequent pilus 
retraction (iii) DNA export into the recipient and (iv) phage DNA import by injecüon. The 
proposed phage receptor eomplex and part of the DNA transport machlnery may consist of 
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the same baslc Mpf components (8). Most of the Mpf components are membrane or 
membrane-associated protelns as can be concluded from their primary structures. 

The hypothetlcal relationship between agrobacteria-plant interaction and bacteria! 
c:onjugation was origlnally proposed by Stachel and Zambryskl in 1986 (9) . Agrobacterium 

tumefaciens is a plant pathogen which genetically transforms plant cells. lntroduction of a 
distinct ONA element, the T-ONA, into the plant's genome results in tumor formation. The T
ONA is located on a large extrachromosomal element, named Ti (tumor-inducing) plasmid 
(-200 kb). This plasmid encompasses virulence regions (Vir) providing most of the products 
involved in T-ONA movement. The vir loci comprise six complementation groups (-30 kb). 
Some of them are essential NirA, 8, O, G) or enhanee the efficiency (VirO, E) of plant 
transformation. The T-ONA is flanked by 25 bp direct repeats, the right and left border 
sequences (TBS). At these cis-acting sites slngle-stranded scission occurs initiating the 
generatlon of the T-ONA strand to be transferred. Stachel and Zambryski c:ompared the 
ONA transmlssion systems in terms of functional analogies: (i) onT and TBS, (ii) respective 
DNA processing functions, (iii) Tra and Vir functions required for donor-recipient recognition 
and production of the strl.lcture through which the DNA-c:omplex is transported. Due to 
detallad analyses of the RP4 conjugative machinery we provlde a set of data confirming 
predicted analogies of both DNA Tra systems. lt is importan! to note that the similarities 
include most of the processes directed from the donor cell such as eell to cell contact, 
lnitiation of DNA transmission, and DNA transport through membran·es. 

Our sequence comparison studies gave the first clue tor an evolutionary and eventually 
functional relationship: TBS share a conserved region with the nick-region of oriT. The VirO 
operon is analogous to the relaxase operon including the first gene of the primase operon 
(virD1AraJ, virD21tral, virD31traH and vlrD4/traG). The VirC operon matches part of the 
leader operon (virC11traL, and vírC2/traM) and the VirB operon is similar to the Tra2 operen. 
Genes in these operons are arranged in the same order, although the relationshlp of the 
c:omponents can only be seen at the amino acid sequence leve! (10). 

Evidence for functional analogies comes from a biochemical comparlson of purified DNA 
processing components in vitre. Cleavage at orlT/TBS requires a superhelical sl.lbstrate and 
the proteins TraJNirD1 and TraiNirD2. Relaxases (TraiNirD2) attach covalently to the DNA 
v/a tyrosines localizad at the N-terminal moieties of the proteins. The relaxases are involved 
in lnitiation and termination of the transfer process. The reaction mode follows the sama 
mechanistic principies (6, 11). 

No such convincing experimental evidence is available for cell to c:ell c:ontact <il(•d DNA 
transport functions. However, one promising aspect for an experimental approach comes 
from a mutational analysis of the traG gene. TraG has potential analogues in several 
conjugatlve systems including the TraD protein of the F complex and a Tra protein of a 
conjugative plasmid of a Gram-positive organism (12). The TraG-Iike proteins have motifs in 
common that resemble nucleotide binding folds. TraG polnt mutations in these motifs are 
transfer deficient for both RP4 and RSF1010 transfer indicating the functional and structural 
importance of these residues in a key process of DNA transfer. 
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AGROBACTERIUM TUMEFACIENSTRANSFERS SINGLE-STRANDED T-DNA INTO 

THE PLANT CELL NUCLEUS 

Barbara Hohn, Holger Puchta and Bruno Tínland, Friedrich Miescher lnstitute, 

P.O.Box 2543, CH-4002 Basal, Switzerland 

In T-DNA transfer a defined piece of DNA, called T-DNA (transferred DNA), of the 200 

kb Ti (tumor inducing) plasmid is moving from the bacterium to the plant. The T-DNA 

transfer ís mediated by gene products of the virulence genes, located on the Ti 

plasmid outside the T-DNA. In Agrobacterium cells linear single- and double-stranded 

versions of the T-DNA have been detected that may be intermediates in the transfer 

process. Generally, preference is given to the single-stranded structure (T-strand) 

model, for severa! reasons: 1) strains missing the single-stranded DNA binding protein 

VirE2 can be complementad to virulence by coinoculation with a virE2 containing strain 

(Otten et al., 1984) or by using a vírE2 transgenic plantas transformatíon recipient 

(Citovsky et al., 1992). The involvement of a single-stranded DNA binding protein in 

the transfer can be used as good argument for the síngle-strandedness of the 

transferred DNA. ii) Since síngle-stranded derivativas have been detected in induced 

agrobacterial cells, the transfer mechanism has been comparad to conjugation of the 

bacteria! F plasmid (Stachel and Zambryski, 1986; Albright et al., 1987; Zambryski, 

1988). For the F conjugation system, a single-stranded molecules have nevar been 

detected in the donor cell (review; Willets and Skurray, 1987}. 

We recently showed that T-DNA is transferred as a single-stranded derivativa 

from Agrobacterium to the plant cell nucleus. This conclusion is drawn from 

experiments exploiting the different properties of single- and double-stranded DNA (ss 

and dsDNA) to pertorm extrachromosomal homologous recombination in plant cells 

(Puchta and Hohn, 1991 ). After transfer from Agrobacterium to plant cells, T -DNA 

molecules recomblned much more efficient!y i1 the homologous sequences were of 

opposite polarity than íf they were of the sama polarity. This observation reflects the 

properties of ssDNA; ssDNA molecules of opposite polarity can anneal directly, 

whereas ssDNA molecules of the same polarity tlrst have to become double stranded 

to allow annealing to take place. Judging form the relativa amounts of single to double 

stranded T-ONA derivativas undergoing recombination, we infer that the D-DNA 

derivativas not only enter the plant nucleus in their single stranded form, but also that 
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they most probably predominantly integrate as ssONA molecules into the plant 

geno me. 
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ROLLING CIRCLE-REPLICATING PROMISCUOUS PLASMIDS OF THE PMV158 
FAMILY 

M.Espinosa, G.del Solar, M.Moscoso, G.Kramer and P.Acebo 
Centro de Investigaciones Biológicas, CSIC, Ve/ázquez, 144. E-28006-Madrid. Spain. 

Many small plasmids replicate by an asymmetric rolling circle (RC) mechanism, 
characterized by replicative intermediates which have the newly synthesized leading 
strand covalently bound to the same parental strand (1-3) . One example of these RC
replicons is the streptococcal plasmid pMV158 (4), and its t.mob derivative, pLS1 
(Figure 1), which have been autonomously established in more than ten different 
bacteria! species. pMV158 is the prototype of a family of highly related RC-plasmids 
isolated (severa! of them recently} from gram-positive and -negative bacteria (Table 1}. 
They share homologous motifs in their initiator of replication (Rep) proteins, and at one 
of the plasmid-control elements, the product of the cop gene. Sequence similarities are 
also found at their origins of replication. Although they do not exhibit homologous 
regions at their inc determinant (an antisense RNA}, they have identical genetic 
organization at this region. Two plasmids of the this family, pLSI and pFX2, show weak 
incompatibility in Streptococcus pneumoniae, and purified initiator RepB protein from 
pLS1 is able to relax supercoiled pFX2 DNA. 

Table 1. The -rs of the pl.S1 plasmid family 

Plasmid Host lsolation Size (bp) Year 

pHV158 Str~tococcus agalactiae USA 5536 1986 

piiV01 Lactococcus lact i s The Nether lands 2177 1991 

pFX2 Lactococcus lactis New Zealand 3536 1991 

p!'194 Stal2h:;t:lococcus aureus Rol.ll\ania 3728 1982 

pl.B4 lactobaci t tus g:lantan.m UK 3548 1989 

pA1 lactobaci llus etantarU"n Yugoslavia 2820 1993 

pLC2 Lactobaci llus curva tus Germany 2489 1993 

pHPK255 Hel icobact2r ítt:lori UK 1455 1991 

pADB201 H:tc2elasma !!!iCoides Australia 1717 1989 

pKMK1 H:tCQ2lasma ~coides USA 1875 1992 

Replication of pMV158 is initiated by the plasmid-encoded RepB protein which 
introduces a strand- and site-specific nick at the unpaired region 5'-TACTACG/AC-3' 
(5,6), located on top of a secondary structure (Hairpin 1) within the .Qouble-~trand Qrigin, 
dso. The nick leaves a free 3'-0H end which may be the substrate for host proteins to 
proceed with RC-replication. The end-products of this stage are a double-stranded 
plasmid molecule, and a ssDNA intermediate. These ssDNA plasmid forms are Iater 
converted to dsDNA molecules by the host machinery initiating at the ~ingle-~trand 
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Qrigin (sso). In the case of pLS1, it seems that the pneumococcal RNA polymerase is 
involved in this conversion. The amount of ssDNA intermediates detected is plasmid
and host-dependent, and deletion of the sso leads to accumulation of ssDNA and to 
plasmid segregational instability (7,8). 

Control of replication is exerted at two levels within the same circuit. At the 
translational leve!, the antisense RNA ll, which is the main inc determinan!, could 
interact with the rep mRNA initiation of translation signals. At the transcriptional leve!, 
the product of the copG (formerly repA) gene binds to and repress transcription from 
the cop-rep promoter, from which genes copG and repB are co-transcribed. However, 
plasmids defective in RNA 11 do not show any phenotypic defect, which points to a more 
complex mechanism (perhaps an intact CopG-RNA 11 circuit) to control the number of 
copies of pLS1 (9). 

o in pLSI 

m sso 

Pr P., Pc:tD P,,, Pmob 

j ~~ ~ ~ ~ ~ 1 pMV 158 (5536 bp) 

g 1 
cop - r1p ,., MDb 

m•t mD/1 

Figure l. Genetic map of plasrnid pMVIS8. Wavy lines, RNAs. Gene products translated frorn rnRNAs: cop

rep, CopG and RepB; te/, TetL determinan! (tetracycline-resistance); mob, Mob protein, involved in 
conjugative mobilization. Themal, mal! antisensc RNAs are also indicated. Other relevan! features indicated 
are: dso, double-stranded origin; sso, single·strandcd origin; open triangles, prornoters. The region missing 
in pLSl is indicated. 
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Maintenance systems of the Gram-positive broad-host-range plasmid 
pSM19035. 
Alonso, J.C.!· 2, Ceglowski, P.3,Weise, F.l· 2, Chai, SI, Ayora, S.l and Rojo, F.2 
Max-Pianck-Institut für molekulare Genetikl, 014195 Berlin, Germany. Centro Nacional 
de Biotecnología2, 28049-Madrid, Spain. Instytut Biochenúi i Biofizyki PAN3, 02-106 
Warszawa, Poland. 

The 27.2-kb low-<:opy-number plasnúd pSM19035 and its derivative pDBlOl (19-kb) 
have extraordinarily long inverted repeated sequences that comprise 80% and 76% of the 
molecule, respectively. The repeated sequences are separated by non-repeated sequences 
(NR1 and NR2) (Behnke et al., 1980). The antibiotic resistance marker is located in the 
relatively small NR2 region. Both .pSM19035 and pDBlOI replicate by a theta mode 
(Ceglowski et al., 1993) and are stably inherited in Gram-positive bacteria with low G + C 
con ten t. Remo val of NR 1 and of one of the arms of the repeated region, which leads to the 
generation of pBT233, does not affect stable inheritance of the plasnúd. 

Analysis of the nucleotide sequence of pDB101 and its derivative pBT233 revealed 
thirteen major open reading frames (orfs). The copS, repS, erml and erm2 genes have 
been assigned to four of these orfs, giving the gene order copS-repS-orfa-o~-oify-orfo
orft-orj'(,-(erm2-erml or erml-erm2)-orjí,-orft-orfo-orfy-o~-orfa-orje-orftl-orft. The 
organization of genes in the orjfJ-orftl-orft-copS-repS-orfa-o~-orfy interval resembles 
the organization of genes in the orfA to orjl region of pAMI3l. 

Plasmids pDB101, piP501 and pAMJ31 belong to the same incompatibility group 
(inc18). Clúmeric Rep proteins and replicons were obtained by domain swapping between 
rep genes and replicons of the above plasnúd of the incl8 group (Brantl et al., 1990). The 
plasnúd replication origin is located within a 45-bp segment immediately downstream of 
the initiation replication gene (Bruand et al ., 1991; Ceglowski et al., 1993) 

Deletion of a 1.5-kb segment of the orfa-orfy interval does not seem to affect plasnúd 
maintenance (segA region), but leads to the accumulation of plasnúd multimers. Removal 
of a 3.0-kb fragment of the orfo-orjí, region reduces plasnúd segregational stability (segB 
region). Removal of both regions (segA and segB) abolishes it. 

The maxirnization of random plasrnid segregation is either accomplished by the 
recombination proficiency of the host or the presence of the pBT233 segA region. The 
segA region contains three protein coding frames (a, 13 and y proteins). The 13 and y 
protcins share homology with site-specific recombinases and type-I topoisomerases, 
respectively. We show that the 13 protein is able to mediate DNA resolution and DNA 
inversion in E. coli. 

Better-than-random segregation requires an active segB region. The segB region 
contains three protein coding frames (O, E and 1; proteins). These orfs encode proteins of 
unknown activity, but of the o protein certain domains share homology with domains 
observed in proteins associated with plasrnid partitioning. These results suggest that 
pBT233 stabilization relies on a complex system involving resolution of plasrnid 
oligomers (segA) and on the functions encoded by the segB region. 

Northern blot analysis of the segA and segB regions led to the detection of rnRNA 
species, the molecular weights of which correspond to orfa + o~ and orfy (segA) and orf 
o and orft + orj'(, (segB) were detected. The putative promoters were fused to the lacZ 
gene. We show that the 13 protein exerts a negative effect on the utilization of the promoter 
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region mapped upstream (orft:J. + orjJ3 mRNA). orfy is constitutively expressed from a 

weak promoter. Analysis of the segB region revealed that the synthesis of orfo is subject to 

a negative control, and the synthesis of the orft. + orjf, mRNA species seems to be under a 
complex control mechanism. 

A characterization of the seg A region revealed that the purified p protein binds co
operatively to its specific target sequence, which líes immediately downstream the plasmid 
replication origin. Protein pis a dimer in solution (Rojo et al., 1993). Between 3.6 to 4.2 p 
protomers are required to saturate the DNA substrate. 

In in vitro analysis the purified p protein reveals the activity of a transcriptional 
repressor and, in the presence of a host factor, is able to catalyse intramolecular 
recombination between two specific sites on a supercoiled template. The p protein binding 
site, which is a 85-bp region, can be divided into two discrete subsites (sites 1 and m. Each 
subsite is about 34-bp in length, and they are separated from each other by 16-bp. Each of 
the subsites contains two 12 to 13-bp long imperfectly conserved sequences related to 
another by a dyad axis. When the p protein binds to its target site the DNA segment is bent 

or looped out. This indicates that the p protein interacts with itself within the protein-DNA 
complex. 

Behnke et al. (1980) Plasmid 4,139, Brantl et al. (1990) Nucleic Acids Res. 18,4783; 
Bruand et al. (1991) EMBO J. 10,2171; Ceglowski et al. (1993) FEMS Lett 109,145; Rojo 
et al. (1993) FEBS Lett. 328,169. 
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Role of Iteran Sequences in Initiation and Control of P1 Plasmid 
DNA Replication 

Dhruba K. Chattoraj 

Laboratory of Biochemistry, NCI, NIH, Bethesda, MD 20892 

The hallmark for a class of bacterial plasmids is the presence of 
repeating sequences (iterons) in their origin of replication 
(reviewed in 1). Iterons serve as binding sites for the plasmid 
encoded initiator protein and, thereby, participate in the 
formation of higher arder structures of iteron-initiator complexes, 
which is considered crucial for the ini tiation process ( 2, 3) . 
Iterons also control the frequency of initiation of plasmid 
replication in a cell generation and, thereby, maintain the plasmid 
copy number in a growing culture. 

We ha ve been interested to know whether i terons function only 
through interactions with the initiator or the sequences make 
diffusible products or recognize other factors. We have addressed 
these questions for the control function using the iterons of 
plasmid P1. Plasmid replication reduced drastically in the presence 
of a single 19 bp iteran, cloned in pUC19, and the results did not 
change when the iteran was flanked by transcription terminators. We 
conclude that a diffusible product from the iterons is not 
necessary for control. The question of accessory factor binding was 
addressed by generating a collection of mutant iterons (4). 
Mutations in any one of the highly conserved positions affected 
binding of the initiator, RepA, suggesting that the iteran 
sequences have been conserved primarily for this purpose (Fig) . We 
also found that the binding and replication control activities of 
the mutant iterons are correlated. We infer that affinity for the 
initiator suffices to determine the control function. The idea of 
accessory roles of the sequences may still be correct and may 
require analysis of the initiation process. 

The control activity of the iterons is believed to be mediated 
through pairing of iteron-initiator complexes (5,6). Pairing was 
evidenced in vitro by the demonstration of enhanced intermolecular 
ligation of iteran carrying fragments in the presence of RepA. The 
pairing reaction was most likely reversible since multimers were 
seen in the presence of ligase \-lhether the fragments carried a 
single or multiple iterons. It appears that control by pairing is 
a simple reaction requiring only RepA and is driven primarily by 
iteran concentration, since RepA is autoregulated. This model, 
although adequate for correction of overreplication, does not 
explain how underreplication is avoided, which is specially 
important for the maintenance of a low copy number plasmid such as 
P1. Our attempts to answer this question will be discussed. 

1. Kittel, B. L. & He1inski, D. R. (1993) in Bacterial 
Canjugation, ed. Clewell, D. B. (Plenum Press, New York), pp. 
223-242. 
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Fig. Cornparison of the effect of base elirnination on DNA binding by 
RepA (A) and the degree of base conservation arnong 14 natural 
iterons of P1 (B) . (A) The bar heights represent relative degree of 
interference to RepA binding upon base elirnination. (B) Bases are 
shown in a stack with heights in proportion to their relative 
frequencies (4). The height of each stack is the sequence 
conservation at that position in bits. A cornpletely conserved base 
appears as a letter 2 bits high. The cosine wave represents one 
face of B-forrn DNA, the crests representing the majar grooves. The 
correspondence between the bar heights (A) and conservation (B) is 
weak only at positions 7, 9, 15 and 16. 
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REGULATION OF PARO, A KILLER STABILITV SYSTEM OF PLASMID 
R1 

María Jesús Ruiz Echevarría, Guillermo de la Cueva, and Ramón Díaz 
Orejas 
Centro de Investigaciones Biológicas, (C.S.I.C.); Velázquez 144, 28006 
Madrid, Spain. 

parO is a killer stability system of the antibiotic resistance factor R1 
that is clase to the basic replican of the plasmid (1) . This system, that is 
relatad to the ccd stability system of plasmid F (2), contains two genes, 
kis and kid, that code for proteins of 9.3 kDa and 12 kDa respectivelly. Kid 
is a killer determinant and Kis a supressor of the killing mediated by Kid 
(3) . Transcription of parO initiates frorn a single promott:lr and originates 
two parO transcripts: a polycistronic transcript of 700 b and a shorter 
transcript of 370 b coding only for the first component of the system. 
These parO transcripts are present in similar amounts and have short and 
similar half lites; this results in double transcriptional dosage for the 
parO antagonist than for the parO killer (4 ). The 3' end of the short kis 

transcript (370 b), is located after a stem-loop sequence situated close 
to the 5' end of the kid gene. In vitro and in vivo analysis indicate that 
this short kis transcript is mainly formad by degradation of the 
polycistronic parO transcript and not by transcriptional termination 
prometed by the 3' steam-loop structure. The following data indicate that 
synthesis of the killer protein is translationally coupled to synthesis of 
the parO antagonist: an ambar mutation that truncates synthesis of the Kis 
protein at an early stage, or a mutation than changas the termination 
codon of the kis gene and results in overlapping of the kis and kid genes, 
lead to > 90% reduction in the levels of Kid protein. The ambar mutation in 
kis reduces slightly transtription of the kid gene indicating that 
transcriptional polarity regulate also expression of the parO genes. lt can 
be concluded that post-transcriptional mechanisms modulate the 
differential expression of the two parO genes favouring greater levels of 
the antagonist than of the killer protein (Ruiz-Echevarría, unpublished 
results) . 
Transcription of the parO operon is repressed by the coordinate action of 
the Kis and Kid proteins (4). The target of this autoregulatory loop are 
inverted repetitions present in the parO promoter region . This target has 
been defined in vitro by gel retardation and DNA-footprinting analysis 
using in vitro synthesized wild-type parO proteins and a parO prometer 
fragment of 350 bp (De la Cueva, unpublished results). 
The wild-type parO system is transcriptionally repressed, and inactiva, 
under normal replication conditions, but this system can be 
transcriptionally derepressed by a mutation in repA that reduces the 
efficiency of plasmid replication . This derepression, that can be reversed 
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by a copy-up mutation (copB mutant), is associated with and increase in 

plasmid stability (Ruiz-Echevarría et al, submitted) . These results 

indicate that the parO wild-type system can shift from a repressed 

(inactive) to a derepressed (active) situation as results of mutations that 

interfere with plasmid replication. The importance of parO derepression 

for the active role of parO in plasmid stabilization was previously 

suggested by the analysis of a derepressed parO mutant (1 ). 

(1) Bravo,A., de Torrontegui,G., and Díaz,R. Identification of components of a new stability 
system, parD, of plasmid R1 that is close to its origin of replication. Mol. Gen. Genetics 210, 
101-110 (1987) 
(2) Ruiz-Echevarría,M.J., de Torrontegui,G ~ Giménez-Gallego,G., and Díaz-Orejas,R. Structural 
and functional comparison between the stability systems parD of plasmid R 1 and ccd of plasmid F. 
Mol. Gen. Genetics, 225, 355-362 (1991) 
(3) Bravo,A., Ortega,S ., de Torrontegui,G., and Díaz,R. Killing of Escherichia coli cells 
modulated by components of the stability system parD of plasmid Rl. Mol. Gen. Genetics 215, 
146-151 (1988) 
(4). Ruiz-Echevarría, M.J., Berzal-Herranz,A., Gerdes,K. and Díaz-Orejas,R. The kis and kid 
genes of parD maintenance system of plasmid R1 forrn an operan that is autoregulated at the leve! 
of transcription by the coordinate action of the Kis and Kid proteins. Mol. Microbio!. 5, 
2685-2693 (1991) 

This work was founded by Grants BI091-1055 and BI088-249 of the Spanish "Comisión 
lnterministerial de Ciencia y Technología". 
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The ccd killer system of plasmid F. 
P. Bemard1, L. Van Melderen 1 • M. Salman 1, M. El Bahassi1, M. L. Pato3, K. E. Kézdy2, P. N. 

Higgins2 and M. Couturier 1. 
1, Department of molecular Biology, Université Ubre de Bruxelles, ruedes chevaux,67, 
B-1640 Rhode Saint Genése, Belgium. 2, Department of Biochemistry, University of Alabama 
Birmingham, AL 35294, USA. 3, Department of Microbiology and lmmunology, University of 
Colorado Medical School, Denver, CO 80262, USA. 

DNA topoisomerases perform essential roles in DNA replication, gene transcription and 
chromosome segregation. They are the targets of potent molecular therapeutic agents, 
including the quinolone antibiotics that target gyrases and antitumor agents that target 
mammalian topoisomerases 1 and 11. Recently, we identified a new type of topoisomerase 11 
poison: the CcdB protein of plasmid F. The ccdlocus contains two genes cedA and ccdB whose 
gene products are involved in a poison-antipoison mechanism. When its action is not 
prevented by CedA protein, the CcdB protein is a potent cytotoxin. Using purified CedA, CcdB 
and gyrase, we show that CcdB efficiently traps gyrase in a cleavable complex. The Ccd.A. 
protein not only prevents the gyrase poisoning activity of CcdB but also reverses its effect on 
gyrase. The mechanism by which the CcdB protein induces gyrase-mediated DNA strand 
breakage is closely related to the action of quinolone antibiotics. However, the A TP 
dependence of the CcdB cleavage process differentiates the CcdB mechanism from quinolone
dependent reactions. A TP is required at its hydrolysis site on the GyrB subunit, showing that 
GyrB subunit plays a role in CcdB-dependent cleavage. However, GyrA protein is primarily 
responsible for determinig the sensitivity of gyrase to the CcdA/CcdB plasmid killer system. 
The strongest evidence that the GyrA subunit interacts with CcdB is that gyrase reconstituted 
with the mutant GyrA462 subunit, selected for a CcdB resistant phenotype in vivo, was 
refractory to the CcdB-induced gyrase DNA cleavage in vitro. 
The ccd locus contributes to the stability of plasmid F by postsegregational killing of 
plasmid-free bacteria. Using pulse-chase experiments, we have obtained direct evidence 
that the half-life of CedA is shorter than that of CcdB. Using the same technique with protease 

mutant strains (HfiK• Clpp- and Lon-)• we have shown that CedA is stable in a Lon- strain. 
This result strongly suggest that Lon is the majar protease responsible for degradation of 
CedA. Moreover, our results indicate that this specific proteolysis of CedA is required for 
ccd-mediated postsegregational killing and SOS induction. This allows the conclusion that 
Lon-dependent proteolysis of CedA is the key control for activation of CcdB in plasmid-free 
segregant bacteria. 
The cedA and ccdB genes are organized in an operan and their expression is negatively 
autoregulated at transcription level (Tam and Kline, 1 989; de feyter et al., 1 989) . In arder 
to define functional domains of the CedA and CcdB proteins involved in autoregulation, 
poison-antipoison activities and susceptibilty to Lon protease, we have isolated and 
sequenced mutants affected in these properties. Results of this analysis will be presented in 
the poster. 
A collection of 260 strains containing plasmids representative of the following lnc groups: 
lncB, lncC, lncD, lncFI, lncFII, lncFill, lncFIV, lncFme, lncFV, lncFVI, lncFVII, lncHil, 
lncHIZ, lncHII, lncll, lnciZ, lnclg, lncJ, lncK, lncM, lncN, lncP, lncQ, lncSI, lncSII, 
lncSIII, lncSIV, lncT, lncU, lncV, lncW, lncX, lncY and lncZ was used to screen for the 
presence of the ccd locus by DNA-DNA hybridization experiment. The ccd locus hybridi zed 
only with the plasmids carrying a RepFIA type replican except the lncHil plasmids. 

Recent publications: 
-J. Steyart, L. Van Melderen, P. Bernard, M.H. Dao THI, R. Loris, L. Wyns and M. Couturier. J. Mol. 
Biol. 1993. 231 : 513-515. 
-P. Bernard, K. Kézdy, L. Van Melderen, J . Steyart, L. Wyns, M.L. Pato, P.N. Higgins and M. 
Couturier. J. Mol. Biol. 1993. 234: 534-541 . 
-l. Van Melderen, P. Bemard and M. Couturier. Mol. Microbiol., in press. 
-M. Salmen, L. Van Melderen, P. Bernard and M. Couturier. Mol. Gen. Genet., submitted. 
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Antisense RNA Regulated Programmed Cell Death. 
Kenn Gerdes, Department of Molecular Biology, Odense University, Denmark 

The hok/sok, srnB and pnd systems of plasnúds R1, F and R438 mediate plasmid 
maintenance by killing of plasnúd-free segregants. The systerns encocle exceptionally stable 
mRNAs which can be translated into cell toxins (Hok, SrnB', and PndA) that kili the cells 
from within. Translation of the killer mRNAs is regulated by small unstable antisense RNAs 
that are complementary to the leader-regions of the killer mRNAs. The differential decay rates 
of the mRNAs encoding the toxins and the inhibitory antisense RNAs explain the killing of 
plasnúd-free segregants and the induction of these systems by the addition of rifampicin. The 
antisense RNAs (Sok, SrnC and PndB) inhibit translation of the toxin encoding mRNAs 
indirectly by inhibiting translation of reading frames that overlap with the toxin-encoding 
genes (mok, srnB, and pndC; see Figure 1). The initial recognition reaction between Sok-RNA 
and Hok mRNA takes place between the single-stranded . 5' .cend of Sok-RNA and the 
complementary region in Hok mRNA (the mok TIR), without the involvement of an antisense 
RNA loop in the initial binding step (Thisted et al., 1994a). 

In addition to the full-length mRNAs, the killer systems also produce truncated mRNAs that 
are shortened by 35 -70 nucleotides in the 3'-ends. The appearance of the truncated mRNAs 
is correlated with expression of the toxins in vivo. Figure 1 shows the proposed local 
secondary structw-es of the full-length and truncated mRNAs. Using in vitro synthesized 
mRNAs we have shown, that the truncation occurs by (slow) processing in the 3'-ends of the 
mRNAs. Most importantly, the full-length mRNAs are translationally inactive in vitro, while 
the truncated mRNAs are translated efficiently (Thisted et al., 1994b). Secondary structure 
analyses of Hok mRNA suggest that the 3'-end of the full-length mRNA encocles an 
anti-Shine & Dalgarno sequence that folds back onto the mok TlR and represses translation 
of mok (and thereby hok). By analogy, we suggest that the pnd and srnB mRNAs are 
regulated in a similar way. 

Why are the killer gene systems equipped with this extra control loop superimposed on the 
regulation by antisense RNAs? Normally, antisense RNAs inhibit their target RNAs by 
forrning stable duplexes with the target molecules. Furthermore, rapid cleavage of the 
antisense RNA:target RNA duplexes by RNase III adds to the irreversible nature of this type 
of inhibition (see e.g Blomberg et al., 1990). Obviously, translation of hok is activated after 
decay of Sok-RNA (in plasnúd-free cells and after addition of rifampicin). The key to this 
activation seems to be the presence, Í!l steady state, of a. pool of full-length, translationally 
inactive Hok mRNA that has not yet reacted with Sok-RNA. Therefore, we suggest that the 
fold-back structure in the full-length Hok mRNA has dual functions: On the one hand, the 
long-range fold-back interaction with the mok TIR prevents translation of mok which 
otherwise would result in cell killing, and on the other hand it prevents Sok-RNA from 
binding to the same TIR region. Rapid binding of Sok to the full-length mRNAs would be 
detrimental for functioning of the system, since the Sok:Hok mRNA duplex is rapidly cleaved 
by RNase m (Gerdes et al., 1992). Thus, when plasnúd-free cells appear (or after addition 
of rifampicin) the inhibitory Sok-RNA decays rapidly, leaving behind the pool of inactive 
full-length Hok mRNA. These molecules are then slowly processed in their 3'-ends, thereby 
leading to accurnulation of the translationally active, truncated Hok mRNA. Hence, 
production of toxin and cell killing ensues. The programrned cell death mediated by the 
plasrnid encoded killer gene systems is a simple differentiation process which is now 
understood at the molecular leve!. The model outlined above is depicted in Figw-e 2. 
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FIGURE 2: MODEL THAT EXPLAINS ACTIVATION OF hok TRANSLATION 
IN PLASMID-FREE CELLS. 
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Gerdes, K., Nielsen, A., Thorsted, P., and Wagner, E.G.H. (1992). Mechanism of killer gene 
activation : Antisense RNA-dependent RNase Ill cleavage ensures rapid tum-over of the stable 
Hok, SmB and PndA effector mRNAs. J. MoL Biol. 226, 637-649. 

Thisted, T. , Sl!lrensen, N., Wagner, E.G.H., and Gerdes, K. (1994a). Mechanism of 
postsegregational killing: Sok antisense RNA interacts with Hok mRNA via its 5'-end single
stranded leader and competes with the 3 '-end of Hok mRNA for binding to the mok 
translation initiation region. Subrnitted to EMBO J. 

Thisted, T., Nielsen, A., and Gerdes, K. (1994b). Mechanism of postsegregational killing: 
Translation of Hok, SrnB, and PndA mRNAs of plasrnids R1, F, and R483 is activated by 3' 
end processing. Subrnitted to EMBO J. 
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R1 : the duplex between the antisense RNA, CopA, and its target, CopT, is processed 
specifically in vivo and in vitro by RNase m. EMBO J. 9, 2331-2340. 
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Molecular Genetics of Broad Host Range IncP Plasmids 

Christopher M. Thomas, Grazyna Jagura-Burdzy, Malgorzata Zatyka, D. Ross Williams and 

Peter B. Thorsted. 

School of Biological Sciences, University of Binningham, Edgbaston, Binningham BIS 2TI, U K. 

Many lncP plasmids can transfer themselves efficiently and mair.tain themselves very stably in a 

di verse range of Gram negative bacteria! species. (1) . This family of plasmids contains two main branches 

termed IncPa and InPp. The best studied IncPa plasmids are the indistinguishable 60kb plasmids RPI , 

RP4, RK2, RIS and R68 which all originated in Bimúngham and confer resistance to penicillin, tetracycline 

and kanamycin. The best characterized IncPP plasmid is R751 (53kb) which confers trimethoprim 

resistance. Comparison of these IncPa and IncPP plasmids allows the backbone of essential plasmid 

function to be identified. This backbone consists of genes for replication and transfer whose expression is 

coordinated by a central control operon which also appears to enrode an active partitioning apparatus. 

Replication functions: Replication of IncP plasmids depends on two lod: onV, the ds-acting origin of 

replication; and trfA, which encodes proteins necessary to actívate onV. Comparison of lncPa and lncPp 

plasmids shows that in the ancestral IncP plasmid these two lod were dustered, a transaiptional 

tenninator at the end of trfA protecting onV from transaiption originating at the strong trfA promoter 

which can inhibit initiation of replication (2) . The replication origin consists of a series of five iterons, to 

which TrfA protein binds, an A T- and a GC-rich region and three DnaA binding si tes (3,4) . In 

Pseudomonas aeruginosa the pair of DnaA binding sites upstrearn of the TrfA iterons is not required but it is 

essential in all other species tested (5,6). trfA contains two translational starts (7,8) . The shorter product 

is sufficient for replication in most species but the larger product is necessary for efficient rnaintenance in 

P. aeruginosa (9,10) . Only the smaller product is highly conserved between lncPa and lncPf3 plasmids, 

although the feature of two translational starts is present in IncPp plasmids as well. 

Partitioning functions: In IncPa plasmids the primary segregational stability functions are encoded by the 

parfmrs region which appears to include a site specific recombinase to resolve multirners, an active 

partitioning apparatus anda pair of genes which may result in killing of plasmid-free segregan! bacteria 

(11, 12, 13). However this par/mrs region is not conserved in lncPf3 plasmids which nevertheless is stably 

maintained. An altemative partitioning system is provided by genes in the central control operon region, 

which will stabilize heterologus, low copy number plasmids (14) . The IncC protein encoded in this region 

is related to the SopA and ParA proteinsof F and PI respectively, which belong toa family of ATPases 

involved in partitioning and cell division. KorB, the second componen! of this par system, shows weak 

similarity to the SopB and ParB proteins ofF and PI respectively which are DNA binding proteins that 

interact specifically with the ds-acting centrornere-like sequences in these plasmids. In RK2 three other 

protcins are implicated : KfrA, a si te specific DNA binding protein with an extended a helical coi led -coil 

e-terminal domain (15); and KorFI and KorFII, which are histone-like proteins (16) . KorB, KfrA, KorFI 
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and KorFII all bind near the kfrA promoter region at the end of the KorABF operon and this may be the cis

acting si te needed for partitioning. 

Proteins KorA and KorB, encoded in the central control operon, play a key role in 

coordinating IncP plasmid gene expression. The korABF operon is autoregulated, providing a means of 

maintaining a balance of these proteins. KorB binds at 12 sites around the plasmid genome (17, 18). 

Where these si tes occur near promoters KorB represses transaiption and thus coordinates expression of a 

number of operons including the korABF operon (control/partitioning), the trfA operon (vegetative 

replication), the trb operon (amjugative transfer) and the krfA operon (partitioning?). KorA binds toan 

operator which occurs 7 times on the genome. All these si tes are in promoter regions and it also represses 

transcription of the korABF, trfA and kfrA operons. However, when it represses trfAp it stimulates trbAp, a 

promoter for the trb operon which is organized as a faceto face divergent promoter with the trfAp (19) . 

The first gene of the trb operon is trbA which enrodes a DNA binding protein that represses transaiption 

from trbB, the second promoter in the trb operon as welltrfAp (20), and traKp, tra]p and traGp, the Ira 

operon promoters (21). This complex network of interactions serves to coordinate and balance all the 

basic transfer and maintenance genes of the plasmid. Our observations that different regulators respond 

differently to changing physiological conditions suggest that these circuits may also provide a response to 

extemal factors which could favour one type of propagation (replication or transfer) over the other. 
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Coordination of promiscuous plasmid replication and transfer: regulatory protein KorA of broad 

host range plasmid RK2 acts both positively and negatively al the divergent trfA/trbA promoter 

region 

Grazyna Jagura-Burdzy and Christopher M. Thomas 

School of Biological Sciences, The University of Birmingham, Edgbaston, Birmingham B15 2TT, UK 

lncP plasmids are capable of transfer between and maintenance in almost all Gram negative bacteria! 

species (1). lncP plasmids are found in many natural environments and thus could be responsible for 

promiscuous spread of rDNA during deliberate Figure l. Map of RK2 showing lhe organiza !ion of the trfA 

release experiments. The expression of at least operan ' lhe trb operan and lhe central control operan. 

sorne of the lncP plasmid transfer genes is 

coordinated with those for vegetativa replication 

(2,3) and therefore provide an interesting 

system to study factors influencing the balance 

of plasmid spread and maintenance. 

The particular lncP plasmid we have 

been studying is RK2, which is virtually identical 

to RP1, RP4, R18 and R68, the best 

characterized lncPa plasmids (1). The specific 

genes referred to above are the triA operon and 

the trb operan located next to each other on the 

RK2 genome {Figure 1). The triA operon 

consists of ssb (or san) encoding a single 

stranded DNA binding protein, and triA, whose 

polypeptide products are essential to activate the 

replication origin, oriV(4,5). We have shown 

that trfAp is repressed by KorA , KorB, KorFI a:-~d 

KorFII, which are all encoded in the central 

control operan (6, 7). The trb operan consists of 

15 cistrons which are primarily involved in mating 

pair formation during conjugative transfer {8,9). 

There are two promoters near the start of the 

operan, preceding trbA and trbB respectively. 

The trbB promoter has been shown to be 
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repressed by KorB {2). trbA encodes an additional regulatory protein which appears to modulate both triA 

and trbB expression {3). Transcription from trbAp is likely to continua into trbB and beyond {6), and will Instituto Juan March (Madrid)
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generate mRNA containing secondary structure which is absent from the trb8p-generated message (2). 

trbAp activity is therefore likely to be of crucial importance in the balance of activity of these operons. 

The poster will describe dissection of the trfApltrbAp region. The trfAp and trbAp are arranged 

as faceto face divergent promoters. Deletion mapping and mutation analysis established the location of 

trbAp. Primer extension mapping of tsp and permanganate footprinting confirmad the results of in vivo 

studies. The korA gene, which is known to repress seven operons on RK2, including the triA operan, was 

shown to stimulate trbAp. The effect of korA on trbAp is mimicked by the trfAp-1 promoter down mutation, 

suggesting that a reduction in the strength of trfAp is required for derepression of trbAp activity. The 

inhibitory effect of strong trfAp on trbAp is neither due to RNAP exclusion nor inhibition of open complex 

formation at trbAp since the trfAp-1 mutation, which reduces RNAP binding and open complex formation at 

triAp but does not stimulate melting at trbAp in vitro. KorA has been purified and shown by ge! retardation 

and DNasel footprinting to bind a single operator region containing the sequence 5'TTTAGCTAAA3', which 

overlaps the -1 O hexamer of the triA promoter. Binding of K orA at this operator does not exclude RNA 

polymerase from trfAp. Footprinting also suggests that KorA introduces the bend in DNA between two 

promoters. The results described in this poster lead us to conclude that KorA must affect the balance 

between triA and trb operan transcription in a completely different way from the previously observad effects 

of KorB and TrbA which repress both operons. 

A major long term goal of this work is to explain and predict plasmid behaviour ( copy number, 

stability and transfer frequency) under different physiological conditions and in a range of species. Before 

quantitative studies on levels of transcripts and regulatory proteins are carried out to correlata control of 

gene expression to plasmid functions the molecular components of the circuits need to be defined. We 

believe that the identification of this KorA-mediated genetic switch described here is a key step in this 

process. 
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Mechanisms allowing plasmids to evade restriction barriers to 
transfer 

Brian Wilkins, Michael Pocklington and Paul Chilley, 
Department of Genetics, University of Leicester, Leicester LEI 7RH, UK 

Restriction systems operate in bacteria to destroy infecting foreign DNA, 
identified as alien by its lack of modification methylation at enzyme specificity 
sites. Since approximately one quarter of all bacteria! isolates have been shown 
to encode a restriction system and almost 200 different types of specificity site 
have been identified (Wilson & Murray, 1991), restriction must constitute a 
frequently encountered barrier to DNA transfer in the wild . Plasmids 
transferred by bacteria! conjugation are subject to restriction but can evade the 
process by at least three different mechanisms. 

Elimination of restriction sites is one evasion strategy. This may result 
from selection, operating each time an unmodified plasmid transfers to a 
restricting host. Selection against restriction sites has been demonstrated in 
bacteriophage infections (Murray & Murray, 1974) and proposed to occur in 
phage evolution (Sharp, 1986). Broad host-range plasmids of the lncP group are 
remarkably deficient in sites recognised by many different type 1I restriction 
enzymes, suggesting that extensive contraselection of sites has occurred through 
a history of intergeneric conjugations (Meyer et al. , 1977). A contrasting 
explanation is suggested by our computer-aided analysis of nucleotide sequence 
motifs in the Tra1 and Tra2 regions of RP4. Sequence data were provided by 
Erich Lanka's laboratory. The results show that the RP4 transfer region is 
deficient of many palindromic sequences typical of type 11 restriction targets but 
other short symmetrical sequences are overabundant. A similar pattern of 
deficiencies and abundancies is present in chromosomal DNA of Pseudomonas 
aeruginosa, a natural host of lncP plasmids. RP4 Tra is further depleted of certain 
hexanucleotide palindromic sequences, a number being targets of known 
restriction enzymes of P. aeruginosa . These findings suggest that biased 
frequencies of sequence motifs in a plasmid are caused in part by mutational 
pressures operating on DNA within a preferred host type and, further, by 
selection operating during historie transfers between closely related bacteria. It is 
unnecessary to invoke promiscuous transfers between different genera as the 
sole explanation. 

Plasmids can also evade restriction by a process dependent on conjuga ti ve 
transfer of more than one copy of the plasmid. The process is non-specific in 
acting against at least type 1 and type 11 restriction systems and presumably 
involves sorne breakdown of the restriction mechanism in response to an early 
event in conjugation. Transfer of enzyme-saturating amounts of DNA might be 
the responsible factor (Read et al., 1992). Other physiological explanations should 
be considered, since expression of restriction (R) but not modification (M) 
activity is delayed extensively in transconjugant cells following acquisition of 
type IR-M genes (Prakash-Cheng & Ryu, 1993). 

Carriage of an anti-restriction gene on the plasmid constitutes a third type 
of restriction-evasion mechanism. One such gene is located on the Incll plasmid 
Collb-P9 (Delver et al., 1991; Wilkins et al ., 1991). The locus, called ardA, 
specifically alleviates restriction of DNA by all three families of type 1 restriction 
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enzyme. Genetic evidence shows that carriage of ard allows unmodified Collb to 
evade restriction following its conjugative transfer to recipients specifying the 
type I enzyme EcoK. The gene rnaps in the Collb leading region, defined as the 
first segrnent of the plasrnid to enter the recipient cell during conjugation. This is 
the expected location of a gene that is expressed early in the transconjugant cell 
to prornote installation of the irnrnigrant plasrnid (Read et al., 1992). 

We have exarnined the distribution of ardA on representatives of 23 
different incompatibility groups of conjugative plasmid. The test was for 
hybridisation to a probe of a PCR-arnplified sequence of Collb ardA deterrnining 
a 22 kDa polypeptide in a coupled in vitro transcription-translation systern. 
Hybridising sequences were found on rnernbers of the Incll-B-K subset of the 1 
complex of plasmids, on an IncFV plasrnid of the F cornplex, and on IncN group 
plasmids. The ardA-hybridising sequence on the B and on the FV plasrnid are 
ORFs with at least 63% sequence identity to the Collb gene. ORF-containing 
fragments of the B and FV plasrnids rnap in the leading region and confer an 
anti-restriction phenotype on vegetative cells. The sarne properties have been 
reported for the ardA gene on an lncN plasrnid (Belogurov et al., 1992). Why 
should ard homologues be present on plasmids of the 1 complex, F cornplex and 
the lncN group, which are considered to represent different evolutionary 
lineages? These plasrnids, together with mernbers of the IncX group, are 
authentic plasmids of Escherichia coli and close relatives, as judged by the 
plasmids present in the Murray collection of bacteria isolated in the 'pre
antibiotic' era (Datta & Hughes, 1983). A similar cluster of enterobacteria is the 
only known source of type 1 restriction enzyrnes (Wilson & Murray, 1991). 
Hence, ArdA appears to be an adaptation allowing conjugative plasrnids to 
escape a type of restriction system determined by a particular cluster of host 
bacteria, rather than a general rnechanisrn for restriction evasion. 
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Environmental factors affecting plasmid and gene transfer in 
filamentous soil bacteria 

E M H Wellington, A S Huddleston and P R Herron 
Department of Biological Sciences, University of Warwick, ~oventry 

CV4 7AL 

The streptomycetes are a group of soil bacteria well adapted to 
survival in soil as they produce extensive networks of hyphae able to 
coloni~e and derive nutrients over a large surface area. In addition 
they produce spores which are resistant to phage infection and 
various toxins such as antibiotics. This life cycle has advantages in 
environments where nutrients are scarce and discontinuous in time 
and space. Studies of plasmid and phage ecology have shown that 
these conditions favour lysogeny and plasmid transfer. However 
plasmid transfer frequencies were difficult to measure acurately due 
to the plasmid spread function within the mycelium. Under conditions 
of selection for plasmid or phage-borne genes gene transfer 
frequencies were not increased but there was evidence for changes 
in copy number. All studies were done with antibiotic resistance 
genes where selection was achieved by additions of antibiotics to 
soil. Streptomycetes can produce a wide range of antibiotics and 
frequently show resistance to several antibiotics. Studies of the 
distribution of these genes in natural populations has indicated 
retrospective eidence for transfer of production and resistance genes. 
The mechanism of transfer is uncertain but may involve giant linear 
plasmids . 
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GENETIC TRANSFER IN WATER 

John C. Fry 

School ofPure and Applied Biology, 
University ofWales College ofCardiff, 

P.O. Box 915, 
CardiffCFl 3TL, UK 

Up to about 70% ofaquatic bacteria contain plasmids and many ofthese are large and 
so possible conjugative. So it is likely that these extra-chromosomal elements play an 
important role in populations ofwater bacteria. Early experiments designed to study conjugal 

. gene transfer in water relied mainly upon plasmids commonly used by geneticists, which were 
often obtained from clinical sources. More recently plasmids isolated directly from aquatic 
communities ha ve been used. There are two major ways of isolating plasmids from indigenous 
aquatic bacteria (Fry & Day, 1990). Endogenous isolation depends on screening isolates from 
plating or enrichment experiments for the physical presence oflarge plasmids. These are then 
tested for transfer ability with standard laboratory mating procedures. In exogenous isolation 
a natural community and a suitable plasmid free recipient are incubated together. During this 
incubation conjugative plasmids are transferred to the recipient. Transconjugants can then be 
obtained by plating on a medium with selective agents for both the recipient and putative 
plasrnid phenotype. A mixture of rifampicin for the recipient and Hg for the plasmid works 
well in many cases. Exogenous isolation has proved an invaluable procedure as it consistently 
provides large, conjugative plasmids which transfer at high frequency. 

Many attempts have been made to classify natural plasmids obtained by the methods 
outlined above. However, at present no method has proved very satisfactory. About two-

. thirds of exogenously isolated plasmids seem to be broad host range and only one third have 
narrow host ranges. However, unlike RP4 which transfers into almost all Gram -ve negative 
recipients, natural aquatic plasmids transfer into a narrower range ofwidely differing Gram 
negative hosts. Restriction digest pro files ha ve consistently revealed groups of structurally 
similar plasmids. However, hybridization for the classical Escherichia coli incompatibility 
groups has not proved useful with plasmids isolated in more typical, naturally occurring 
aquatic genera like Psuedomonas, as very few plasmids isolated probed positively. Very 
recent studies using probes made from whole plasmids and restriction fragments of plasmids 
á¡Jpear to present a more promising approach to classifying natural aquatic plasmids. 

Studies of plasrnid transfer in water have usually involved counting transconjugants 
after incubation of a donor and recipient bacterium together. These experiments have slowly · 
become more realistic. They started with mating pairs incubated in situ in enclosed mating 
chambers without indigenous bacteria and have progressed to more natural experiments with 
the mating pairs exposed to the full range ofbiotic and abiotic factors that the environment 
presents. Experiments ofthis type with conjugative plasmids have given transfer frequencies 
as high as 2 x to-1 transconjugants per recipient. Many factors have been found to effect this 
frequency, but temperature and donor to recipient ratio seem to have the greatest affect (Bale 
et al., 1988; Fernandez-Astorga et al, 1992). In temperate rivers temperature seems much 
more important than factors such as pH and nutrient availability. Realistic microcosm 
experiments have also been designed which have largely confirmed these findings and have 
also proved useful in studies using recombinant organisms or plasmids which cannot easily be 
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used in situ. These microcosm experiments have also shown that conjuga] plasmid transfer 
occurs predominantly in submerged surface biofilms, and not in the freely suspended, 
planktonic community. Other studies have shown that nutrient depleted cells can effectively 
transfer conjugative plasmids (Goodman el al, 1993) and that transfer into a wide range of 
indigenous bacteria is also possible (Fulthorpe & Wyndham, 1991). 

Transfer by transduction and transforrnation ha ve not been as extensively studied as 
conjugation, although with both these mechanisms transfer of chiomosomal as well as plasmid 
genes have been studied. In silu transduction experiments have been confined to 
Pseudomonas aeruginosa in experimental enclosures. Transformation has been investigated in 
sediments, biofilms and in planktonic communities with three naturally competent bacteria] 
genera. In all cases chromosomal genes transfer more readily than plasmids by transformation, 
with frequencies between 4 x J0-6 and 1 x w-2 transforrnants per recipient (Fry el al, 1993). 

The main conclusion from all these studies is that gene transfer occurs readily in 
aquatic environrnents. It also seems likely that a high proportion ofthe plasrnids found in 
aquatic bacteria transfer broadly and will probably be major contributors to the gene flow 
occurring in nature. Perhaps gene transfer plays an important role in the plasticity ofbacterial 
populations to environrnental change. Studies of al! types must continue until we can properly 
understand the role these transfer events play in the environrnent. 
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Distribution of bacteria and tbeir plasmids in deep fresbwater sediments. 
R.W. Pickup\ J.R. Saunders1

, K. Lawlor1
, l. Miskin1 and G. Rbodes1

• 

1 
Windermere Laboratory, Institute of Freshwater Ecology, 

2 Department of Genetics and Microbiology, University of Liverpool. 

Windermere, and other water bodies in the English Lake District, have 
provided a focal point for studies on the distribution of a range of prokaryotic 
and eukaryotic microbes. These include bacteria and protozoa in general 
(1 ,2,3) and their antibiotic resistance poten ti al and distribution ( 4). More 
specifically, for example the distribution of Cytophaga sp.(5) and Filibacter 
limicola and Peloploca spp. has been examined (6,7). We have also 
considered the distribution of specific plasmids within a stream system (8). In 
addition, studies have addressed the survival potential of specific bacteria 
such as recombinant Pseudomonas putida (9) and Aeromonas salmonicida 
(10) in Windermere microcosms. The common feature to these studies is their 
two dimensional nature with respect to spatial distribution. None of these 
studies really address evolutionary aspects of either bacteria or their genetic 
systems. We have recently focused our research on the distribution of 
bacteria and their plasmids in deep freshwater sediments in the North Basin 
of Windermere. The sediments provide a chronological framework within 
which we can study the distribution and evolution of certain groups of 
plasmids and transposons. 

The sediments lie below approximately 63 m at the deepest point (mean 
depth 25.1 m) and extensive characterization over the Iast 20-30 years has 
enabled us to correlate the depth of the core with time of deposition (11). lt 
is estimated that the rate of sediment accumulation is approximately 2- 3 mm 
per year and core exhibits a distinct stratigraphy consistent with the time of 
sediment deposition. The North Basin core comprises a brown, non
compacted top layer between 0-2 cm, a black ooze from 2-30 cm and a 
brown mud from 30 cm - 5.5 m after which a distinct clay Iayer is apparent 
;- ~¡~resenti¡¡g deposition in the late-glacial period of approximately 15,000 to 
10,000 years ago. Extensive data exist on the chemical (water, carbon, 
nitrogen and mineral) content as well diatom, pollen and radiocarbon 
characteristics of the core from present day through to the glacial clay layers 
(11). In general, all these parameters are highly variable in the first 15 cm 
but show consistent degree of uniformity below this point. The microbiology 
of these cores, however, has largely been ignored with one exception; the 
ability of algae to survive deposition was examined by Stocker and Lund 
(12). Their analyses detected viable algae down to a depth of 25 cm in 
Windermere sediments which represented a time of deposition of 195± 12 
years with a lower limit of 35 cm for all the lake sediments tested. It was Instituto Juan March (Madrid)
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inferred that the maximum depth at which the algae were detected could not 

be due to the burrowing activities of invertebrate populations alone. 

We have adopted the deepest point (63 m) in the North Basin of Winderrnere 

as our primary sampling site for investigation. Sampling was carried out 

using a pneumatic Mackereth corer which recovers an 6 m intact sediment 

core from the lake bed. The core is hydraulically removed from the 

apparatus. Samples can be recovered aseptically at intervals of 50 cm from 

the centre of the core prior to processing and/or subsequent plating on 

appropriate salid media. 

The aims of our preliminary analyses were to recover viable bacteria and 

total DNA from each sediment section in arder to: 

1) examine the distribution profile of culturable bacteria within the core; 

2) examine the distribution profile of Pseudomonas putida using 16S RNA 

probes; 
3) assess the presence of plasmids in recoverable bacteria; 

4) examine the distribution of broad-host-range (lncP, N,and W) plasmids. 

This presentation will discuss sorne of the results obtained. 
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THE OCCURRENCE ANO ROLE OF SELFTRANSMISSIBLE PLASMIOS IN SOIL ANO 
RHIZOSPHERE. 

J.D. van Elsas and E. Smit, IPO-DLO, P.O.Box 9060, 6700 GW Wageningen, the 
Netherlands 

The objectives of our long-standing research in this area have been to gain insight 
into the natural gene flow, vi a conjugation, between bacteria in soil and rhizosphere, 
and to evaluate the capacity of soil populations to mobilize genes from introduced 
organisms into indigenous microbes. 

An lncP1 broad host range self-transmissible plasmid, RP4p, has been shown to 
spread from an introduced P. fluorescens strain into various members of the indigenous 
bacteria! community of the wheat rhizosphere in various different soil types. 
Furthermore; a mobilizable derivativa of the Inca plasmid RSF1 01 O, pSKTG, was 
shown to be mobilized, by helper plasmid RP4p present in the original strain or in a co
introduced helper strain, into various indigenous bacteria. Transfer of pSKTG was not 
found in the absence of a co-introduced lncP1 helper plasmid. 

To further analyse the putative presence of mobilizing (helper) plasmids in the 
bacteria! communities of the wheat rhizosphere, two methods for plasmid isolation from 
these natural communities were applied, i.e. triparental mobilization isolation and 
exogenous isolation using resistance to Hg as a marker. 8oth methods resulted in the 
detection of plasmids with molecular sizes ranging between 40 and 80 kb. Plasmids 
were isolated at higher frequency from soil previously treated with Hg as comparad to 
the corresponding untreated soil. A screening for markers on the plasmids obtained 
revealed the presence of chloramphenicol and streptomycin resistance determinants on 
sorne. The plasmids obtained are being characterized with regards to the presence of 
the mer operan (using PCR with primers of conservad regionsl. of onT, of the lncP1 
trfA gene and of various lnc determinants. Several of the plasmids obtained were 
transferable to suitable recipient strains with extremely high frequencies, and the 
putativa role of these in adaptation of the rhizosphere microbial communities is being 
investigated using transfer and molecular approaches. 

The results obtained will be discussed in the light of the possible occurrence of new 
plasmid types in soil, and strategies for detecting and studying these. 
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Exogenous isolation of conjugativa plasmids from environmentalsources. 

Mergeay M, Dijkmans1 R., Kreps1 S., H. De Ron? and Top'l E., A. Wilmorte1 

(1) Vlaamse Instelling voor Technologisch Onderzoek (V.I T. 0.), Boeretang 200, B2400 Mol, 
Belgium. 

(2) Laboratory o[ Microbial Ecology, University of Gent, Coupure Links 653, B9000 Gent, 
Belgium. 

Exogenous plasmid isolation was used to assess the presence of IncQ-plasmid mobilizing 
functions in soil, active sludge and compost. Therefore, tri parental matings were performed wi th 
E. co/i (gamma-Proteobacteria) as a donor of an IncQ plasmid carrying t.he czc genes coding fr.:
resistance to the heavy-metals cobalt, cadmium and zinc . Zinc-sensitive A. eutrophus 
(p-Proteobacteria) were used as recipient and the indigenous microorganisms of the 
environmental samples were used as helper cells. The number of transconjugants isolated after 
such exogenous isolations could be use as a parameter to quantitate the IncQ-mobilizing 
potential of the environmental samples. IncQ-mobilizing activity was found in compos!tsoil and 
active sludge. Gel electrophoresis analysis of transconjugant lysates showed the presence of 
additional, large (about 60 kb) plasmids. Further mating experiments confirmed that the 
presence of these plasmids was essential for IncQ-plasmid mobilization. Sorne of the mobilizing 
plasmids so-isolated hybridized with IncP replication pro bes. Other such plasmids did not show 
cross hybridization with either IncP, IncN, IncQ, IncW, IncT, IncX, IncU, IncF, IncHil, IncHI2 
or IncL/M replication probes. The further genetic and molecular characterisation of the 
broad-host range mobilizing plasmids is in progress . 

Bi-parental exogenous isolations were also perfonned. Extracts ofheavy-metal polluted soil were 
mixed with zinc-sensitive A. eutrophus ce lis . Transconjugant A. eutrophus ce lis that had taken 
up zinc resistance genes from the soil microbial population were detected on selective plates . 
Further mating ofthe transconjugants with A. eutrophus showed that the zinc resistance genes 
are present on conjugative plasmids (transfer frequency 10·2 transconjugants 1 recipient). 
Transconjugants were found to contain pla~mids of ::~bout 2;)0 kb and carried the czc genes as 
shown by PCR analysis. Studies to determine the host range of the zinc conjugative plasmids 
are in progress . 
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The replication protein of the replicon 
pPSlO is a host range factor. 

M.E. Fernández-Tresguerres, M. Martín, R. Giralda, C. Nieto, D. García de 
Viedma and R. Díaz. 
Centro de Investigaciones Biológicas. CSIC. Velázquez, 144. 28006-Madrid. 

pPSlO is a plasmid isolated from Pseudomonas savastanoi which is able 
to be established efficiently in Ps. aeruginosa but very inefficiently in 
Escherichia coli under the same conditions (3rC). Incubation of E. coli cells 
after transformation at low temperatures (30°C) increases the efficiency of the 
process. 

After hydroxylamine treatment mutant plasmids able to be efficiently 
established in E. coli can easily be obtained. Three out of four mapped mutants 
show a C-T transition in the same position within the gene repA coding for the 
replication protein. The sequence in which the mutation is located corresponds 
to a putative leucine zipper motif in the corresponding protein. Since this motif 
has been described to cause dimerization of proteins our results suggest that 
molP-r.ular interactions of RepA either with itself or with with host proteins are 
important in host determination. 
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The amino-terminal region of R388 
endonuclease activity and catalyzes 
site-specific recombination at oriT. 

TrwC has oríT-specific 
conjugation-independent, 

Matxalen Llosa, Guadalupe Grandoso and Fernando de la Cruz. 
Departamento de Biología Molecular. Universidad de Cantabria . 
C. Herrera Oria, s/n. 39011-Santander, Spain. 

The transfer region of the promiscuous IncW plasmid R388 
(TRA.,) is comprised in a contiguous DNA segment of about 15 kb 
(Bolland et al., 1990). Three R388 proteins, TrwA, TrwB and TrwC, 
are responsible for DNA mobilization. The deduced amino acid 
sequence of TrwC (Llosa et al., 1994) shows in its amino terminal 
region conservation of a set of domains shared by a family of DNA 
relaxases ( Ilyina and Koonin, 1992), while the carboxi terminal 
region contains a set of domains conserved in a family of DNA 
helicases (Hodgman, 1988) . 

Purified TrwC has oriT-specific endonuclease activity : it 
re laxes in vi tro oriT-containing supercoiled plasmid DNA in the 
presence of Mg2

+ and after incubation with SDS. Sequencing of the 
relaxed DNA shows a unique site where the bottom strand is 
interrupted. The nic site suggests that TrwC and Trai of plasmid 
F form a group of DNA-nicka¡:;es different from the IncP family 
described in Waters and Guiney, 1993. 

We have developed a system to test intramolecular oriT
specific recombination as an ~n vivo test for oriT-specific 
endonuclease activity. We have constructed a series of mutants 
in trwC and found that the 273 first amino acids of TrwC are 
enough to promote this recombination. The recombination events 
occur in the absence of conjugation, raising the possibility that 
TrwC is able to nick both strands of oriT. In this context, it 
is probably significant that TrwC is also able to mediate ínter
molecular site-specific recombination at oriT. 

In an attempt to separate the oriT-endonuclease and helicase 
activities of TrwC, we have cloned separately the amino- and 
carboxy- terminal regions of the protein in an expression vector; 
both peptides can be widely overproduced and purified . Our 
p~esent aim is to assay their activities separatedly in vitro and 
use these gene constructions to perform a detailed genetic 
analysis of their molecular activity. 
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Plasmid stabilization by the parA system of plasmid R1 

Rasmus Bugge Jensen, Mette Dam, Anne Breüner and Kenn Gerdes 

Dept. of molecular biology, Odense University, Campusvej 55, 

DK-5230 Odense M, Denmark. 

The parA system of plasmid R1 mediatas an approx. 100 fold stabilization of low copy 

number plasmids. lndirect evidence indicates that the parA system is a true partitioning 

system, that mediatas plasmid stabilization by actively distributing plasmid molecules 

to the daughter cells at cell division. The parA system consists of three components: 

The trans-acting proteins ParM of 36 kDa and ParR of 13 kDa, and the cis-acting 

centromere like site of 160 bp, denotad pare. The parM and parR genes are co

transcribed asan operen from the parA prometer. The parC site, which contains the 

parA prometer flanked by 2 sets of 5 eleven bp direct repeats (the ParR boxes), is 

located upstream of parM. We can assign the following functions to the region 

encompassing the parC site: i)A plasmid carrying the pare site can be stabilized by 

donation of the two proteins in trans. 8oth proteins are required for maximal 

stabilization. ii) The pare sita exerts incompatibility when present in high but not at low 

copy number. This incompatibility determinan! is denotad incA. iii) The pare site 

encompasses the parA prometer. In steady state the prometer is severely down

regulated by ParR (more than 100 fold), whereas the ParM protein has no effect, 

neither when donated alone or together with the ParR protein. Binding of ParR to the 

pare region has been confirmad by gel shift and footprinting analysis. 

Truncated pare sites, in which sorne of the direct repeats are deleted, can only be 

partially stabilized by donation of the two proteins in trans. Likewise do truncated pare 

sites not express incompatibility towards plasmids stabilized by full-length pare sites. 

This indicates that all repeats are required for proper functioning of pare in the 

partitioning process. However, since sorne of the truncated prometer fragments (pare 

sites) exhibit wildtype regulation by the ParR protein, only sorne of the direct repeats 

are required for regulation of the parA prometer. 

By employing different /acZfusions, we have found, that a region downstream of the 

parA prometer enhances transcription approx. 30 fold, rendering the parA prometer a 

very strong prometer. The responsible genetic element is preliminary termed hex (high 

expression element). A deletion analysis show that the hex site is situated downstream 

of the parA prometer and overlaps with the Shine-Dalgarno sequence of the parM 

gene. We are currently investigating the mechanism by which hex leads to prometer 

activation and whether other prometer-proximal elements are required for activation. 

We have suggested a modal of the function of the parA system, which takes in Instituto Juan March (Madrid)
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account the lack of incompatibility at low copy number and the high capability of the 

parA prometer: 

Through most of the cell cycle, a tight nucleo-protein complex between pare, ParR and 

possibly ParM and host factors exists. When the plasmid is replicated, the complex is 

disrupted when the .replication fork passes the structure. lf the pare sites in the newly 

replicated plasmids are rebound by ParR befare the plasmids are separated, then two 

pare sites saturated with ParR are in clase proximity, and the two newly replicated 

plasmids will pair with a high probability (''twin-pairing"). The paired plasmids are the 

substrates in the partitioning process, which leads to distribution of the plasmids to the 

daughter cells, possibly via interaction with host encoded elements. 
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CHARACI'ERIZATION AND MOLECULAR ANALYSIS OF THE 
BROAD-HOST-RANGE RepA/c REPLICON 

C.LLANES, P. GABANT, M. COUTURIER and Y. MICHEL-BRIAND. Université de 
Franche-Comte, Faculté de Medecine et de Pharmacie, Laboratoire de Bacteriologie
Hygiene, CHU Jean Minjoz, Boulevard Fleming, 25030 BESANCON (France) . 

Plosmids from sorne iocompotibility groups were described to be oble to replicote 
ood mointoio in difterent host bacteria. Like oll loe Por loe Q plosmids. the loe A/C plosmids 
ot Enterobocterjoceoe. which mointenonce functions remolo to be studied. present a 
brood host ronge. lndeed. these plosmids ore equivolent to the loe P3 group in 
Pseudomonos so like plosmids of the loe P ond loe Q groups ore equivolent to the loe Pl ond 
loe P4 groups respectively in Pseudomonos so. 

In view of their lorge host ronge. these groups ore of considerable interest both os 
natural vectors for disseminoting genetic informotion omong diverse species. ond os 
clooing vehicles. Thot is why we hove clooed the replicon of the loe A/C plosmid RA l. An 
outoreplicotive region of 2.79-kb. nomed RepA/C . wos isoloted. This regioo wos oble to 
generote replicotion in the two types of hosts CEnterobocterjoceoe ond 
Pseudomonadaceae), proving that all the necessory informotion for replicatiog In the 
different hosts wos contained on the 2.79-kb RepA/C frogment. 

A non-autoreplicative frogment of RepA/C C 1.6-kb) was used as o probe ond 
showed specific hybridizations with the loe P3 - A/C plosmids from Pseudomonos ood 
Enterobocterjoceoe. Thus. this RepA/C replicon con be used os an epidemiologicol taal ta 
probe far these brood host ronge plosmids. 

The sequence determination and the first molecular anolysis af the replican RepA/C 
suggest that its general arganizotion resembles that of the replicons cantrolled by the iteran 
mechanism i.e. an arigin af replicotion Con) with a succession of 13 direct repeats andan 
ORF coding for on essentiol replicotion proteio CRep). lnterestingly, this iteran mechanism 
seems to be porticulory odapted to plosmid replicotion . ond distributed among many 
plasmids belanging to different incompotibility graups. 
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CLONING AND SEQUEN CE ANAL YSIS OF PLASMID ORIGIN (ori) 

SEQUENCES FROM RHIZOB/UM LEGUM!NOSARUM 

S.L. Turner & J.P.W. Young 

Dept. of Biology, University of York, U.K. 

Rhizobiv.m species fonn symbiotic relationships with the roots of leguminous 

plants, which are characterised by the formation of root nodules. The 

bacteria within the nodules reduce atmospheric nitrogen to ammonia which is 

assimilated by the plant. The genes essential for nodule formation and 

nitrogen fixation are generally Iocated on large, low copy number plasmids 

(pSym). Other large cryptic plasnúds are also usually present in Rhizobium; 
the number and size of these plasmids varies between strains. The replication 

of these large plasm.ids is tightly controlle and it seems plausible that sequen ces 

associated with their replication (ori & rep) could fonn the basis of plasrnid

type specific probes. 

The method of Mozo et al. (1990, Plasmid 23:201-215) is being used to 

isolate sequences associated with plasnúd replication. R. leguminosarum strain 

3841 carries six endogenous plasmids, total DNA isolated from this strain has 
been used to construct an EcoRI library in pSUP202 in Escherichia coli. The 

vector pSUP202, is not stably maintained in rhizobia and carries mob 

functions that enable it to be conjugated from E.coli into R.leguminosarum 

strains. Conjugation of this library into R. leguminosarum 3841 generated 

more than 1 000 tetracycline resistant transconjugants. To date, 360 of the 

transconjugant strains have been screened for the presence of free pSUP202 

derivative plasmids. An isolate has been identified, . from which plasmid DNA 
can be re-isolated into E.coli and in which plasmid DNA can be detected by 

Southern hybridisation using a pSUP202 probe. 

Data concerning the isolation of this plasmid (designated pST3) and the full 

extent of sequence determined to dc:te will be presented. 
Instituto Juan March (Madrid)



63 

Determination of the basic replican of the Chromohalobacter marismortui 
ATCC 17056 plasmid pCM. 

E. MELLADQ1,2, T. GARCIA2, J.J. NIETO 2, A. VENTOSA2 and K. N. TIMMIS1 
1GBF-National Research Centre for Biotechnology, Braunschweig, Federal Republic of Germany. 
2Departamento de Microbiología y Parasitología, Facultad de Farmacia, Universidad de Sevilla, 

Sevilla, Spain. 

Moderately halophilic eubacteria are, together with the extremely halophilic 
archaea or halobacteria, the most important groups of microorganisms 
adapted to live optimally in hypersaline environments. Since moderately 
halophilic eubacteria can grow in a wide range of salt concentrations, they 
are an interesting microbial group from an ecological and biotechnological 
point of view. However, scarce information is available with respect to their 
genetics. Recently, our research group has initiated sorne genetic studies on 
representativa moderately halophilic species in order to construct cloning 
vectors for this type of bacteria. We have isolated for the first time a 
plasmid, named pCM, from the moderately halophilic eubacterium 
Chromohalobacter marismortui ATCC 17056. This plasmid has been 
characterized by restriction endonuclease analysis and the corresponding 
restriction map has been constructed. The plasmid is 17.5 kb in size. 

Using the suicide delivery properties of the R6K-based plasmid pGP704 
a basic replicon was located in a 1.6 kb fragment and was also shown to 
replicate in other moderate halophilic bacteria like Halomonas elongata and 
Vo/caniella eurihalina, failing to replicate or to be maintained in Vibrio 
costicola and E. coli. The sequence determination of this fragment and the 
comparison with other known replication origins are in progress. 
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TRACKING RECOMBINANT ORGANISMS IN THE ENVIRONMENT: 
USE OF EUCARYOTIC LUCIFERASE GENES FOR DETECTION OF 
GENETICALL Y ENGINEERED BACTERIA. 

Palomares, A.J; Vázquez, M.E. and Cebolla, A. 
Department of Microbiology. Faculty of Pharmacy. Seville. Spain. 

The recent development of molecular detection techniques has greatly 
increased the ability to track microorganisms and engineered genetic 
markers in natural environments. Luminescence based techniques offer 
many of former methods and add the potential for in situ, nonextractive 
detection of marked cells in ecological samples. The genes coding for 
bacterialluciferases, luxAR, have been intensively applied for monitoring 
genetically engineered microorganisms. The eucaryotic luciferase genes 
have been less used for microbial detection. In their luminescent reaction, 
eucaryotic luciferases provide more efficiency and less energetic cost than 
bacterialluciferase. In addition, because of their eucaryotic nature and thus, 
presumably absent in all bacteria, since they are suitable to be detected by 
the most sensitive technique known for bacteria! detection, PCR. This new 
genetic material introduces the possibility to distinguish bacteria! population 
not only by its ability to emit light but also by the color of the light emited. 

Different genetic construction were developed to apply eucaryotic 
luciferase genes for bacteria! detection. The firefly and click beetle 
luciferase genes, luc and lucOR respectively, were cloned under constitutive 
and regulated control from different transcriptional units, P 1, PR and P rrc 

promoters. Comparison of the expression of each gene in E.coli from 
identical promoters, showed that bioluminescence produced by luc could be 
detected luminometrically in a more sensitive manner. In contrast, 
luminescence by intact lucOR expressing cells was much more stable and 
resistant to high temperatures than those with luc. 

A system for stable tagging of gram negative bacteria with the firefly 
luciferase was developed. Stable integration into the bacteria! genome was 
achieved by use of mini-Tn5 delivery vectors. The system permitted the 
detection of tagged bacteria in the presence of more than 1 os CFU per plate 
without the use of any selective markers . The firefly luciferase tagging 
system is an easy, safe and sensitive method for the detection and 
enumeration of bacteria in the environment. 
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The soil insect Folsomúz candidD mediates a highly effident interspedes gene transfer of 
recombinant plasmids by tramf'ormation 

W. Vahjen, H. Borkott and C. C. Tebbe 
Institut rlir Bodenbiologie, Bundesforschungsanstalt fúr Landwirtschaft, Bundesallee SO, 
38116 Braunschweig, Germany 

We investigated the influence of the soil insect F olsomia candida on horizontal gene transfer of 
two small, recombinant plasmids. F. candida is a euedaphic, wingless soil insect, which feeds 
on decaying organic material ( 1 ). Adult specimen reach a length of 2 mm. Two donors were used 
in the experiment: a) the gram positive soil bacterium Corynebacterium glutamicum with the 
broad host range shuttle vector pUNl (6.8 kb), a derivative of pUC18 and pUL330, and b) 
Saccharomyces cerevisiae, which harbours the E. coli - S. cerevisiae shuttle vector p707 (8.6 
kb), a construct from pBR 322 and the 2~ yeast plasmid. Potential recipient strains tested were 
streptomycin resistant mutants of ll soil bacteria andE. coli HB 101, respectively. 

The standard experimental setup consisted of petri dishes, layered with water agar. Two 1 cm2 

nutrient agar slices (6 cm apart) were inoculated with donor and recipient cells (2 x 108
), 

respectively. F. candida (50 specimen) were released into the model system and incubated at 
20 ·e for up to 22 h at 20 ·c. The petri dishes were washed to recover the microorganisms and 
the faecal depositions ofF. candida. W ash solutions were plated out onto double selective media 
anda subsequent colony hybridization of double resistant colonies with a specific 174 bp gene 
probe was carried out to detect horizontal gene transfer. Hybridization positive colonies were 
subjected to RFLP analysis to confmn the uptake and possible rearrangem!!nts of the plasmid 
DNA. The following controls were included in the experiments: a) samples with donor and 
rezipient, but without insects, to characterize the possibility of transfer during the washing 
procedure, b) samples with insects, but without recipient, to investigate the influence of 
microorganisms present in the gut ofF. candida, ande) over night cocultivations of donor and 
recipient cells at 30 ·e in LB medium to determine the gene transfer rate under optimal 
conditions. 

The results have shown, that gene transfer was exclusively detected in the presence of F. 

candida. No control experiment exhibited transfer of the plasmid pUNl into recipient cells. 
Cocultivations revealed transfer of pUNl into recipient cells with all recipient strains, that gave 
rise to transformants in experiments with F. candida, except for Agrobacterium radiobacter, 
which was only transformable in the presence of the soil insect. The calculation of gene transfer 
rates were determined with donor inoculum densities. Comparison of these transfer rates in 
cocultivations and incubations with F. candida showed higher transfer cates in incubations with 
the soil insect ranging from 3.7 fold (C. glutamicum) up to 10' fold (E. coliHB 101). Both gram 
positive (Arthrobacter citreus, A. globiformis, C. glutamicum, and Rhodococcus terrae) and 
gram negative bacteria (Agrobacterium radiobacter, Pseudomonas putida and E. coli) were 
transformed with C. glutamicum pUNl. The transfer frequencies decreased, when less animals 
were included in the experiment. The minirnal donor cell concentration that led to transformants 
in our experimental setup was Hf cells. First transformants were detected 8 h after F. candida 
was released into the model system. Plasmids were taken up without rearrangement or change 
of size. Experiments with heat inactivated donor cells of S. cerevisiae p707 and four different 
viable recipient strains gave rise to similar transfer efficiencies as with viable donor cells ( 1 <J6 
per donor). Plasmid solutions of p707, applied onto faecal depositions, revealed transfer 
frequencies 103 fold to 10' fold lower than frequencies obtained with viable or heat inactivated 
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cells. In an experiment with S. cerevisiae p707 as donor and P. putida as recipient, in which 
faecal depositions of F. candida were separated from the standard experiment and analyzed 
separately, transfer cates of 10"2 transformants/donor were observed. Feeding experiments with 
F. candida and different soil bacteria revealed feeding preferences of the soil insect. While P. 
putida, Rhizobium trifolii and Curtobacterium sp. were fed on readily, Bacillus subtilis orA. 
citreus were only taken up at much lower rates. 

· The data showed the influence of F. candida on horirontal gene transfer of recombinant 
plasmids. The transfer was very efficient (up to 10' transformants per ¡.¡g plasmid DNA), 
compared to standard in vitro transformations with E. coli HBlOl (106 transformants per ¡.¡g 
plasmid DNA). The mechanism is considered to be an artificial transformation (2, 3) for three 
reasons: 1) the recombinant p1asmids employed were free of any conjugative or mobilizable 
elements; 2) E. coli HB101 could be transformed, which is known for its inability of natural 
transformation; and 3) plasmid solutions gave also rise to transformants. The comparison of 
transfer rates of viab1eJheat inactivated donar cells and application of free plasmid DNA 
solutions suggested, that cell to cell contact is an important factor for the efficiency of gene 
transfer. The separation of faecal depositions from the experimental setup has shown, that 
competence of recipient ce lis must ha ve been induced in the gut or 1ater in the faecal depositions. 
Although no data are available about the specific components, that 1ead to competence of the 
recipient strains, we hypothesize, that a combination of mechanical stress by the feeding action 
of the insect and a subsequent breakdown of cell wall components by enzymatic reactions in the 
gut ofF. candida, as·well as the density and close proximity of donor and recipient cells in the 
faecal depositions were responsible for the formation of transformants. The uptake of donor and 
recipient cells by F. candida is essential for transformant formation and the concentration of 
cells in the gut or faeces of the insect determines the transfer efficiency. Therefore, the 
differences in transfer rates may in part be due to the feeding preferences of F. candida. 

The data demonstrate the significance of the participation of soil animals in the transport of 
genetically engineered microorganisms and in horirontal gene transfer of recombinant plasmid 
DNA to soil indigenous microorganisms. 
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2 Stotzky, G. 1989. Gene transfer among bacteria in soil; in: Gene transfer in the 
environment, S. B. Levy, R. V. Miller ed.: 199- 205 

3 Olsoñ, B. H., Ogunseitan, O. A., Rochelle, P. A, Tebbe, C. C. and Y. L. Tsai. 1990. The 
implications of horiwntal gene transfer for the environmental impact of genetically 
engineered microorganisms, in: Risk Assessment in Genetic Engineering, M. Levin, H. 
Strauss, ed.: 169- 172 

Instituto Juan March (Madrid)



67 

QUANTITATIVE ASPECTS OF PLASMID BEHAVIOUR 
Kurt Nordst:rOm, Department of Microbiology, Uppsala University; Biomedical Centre, Box 

581, S-751 23 Uppsala, Sweden. 

All the essential genetic information in bacteria is located in one double-stranded DNA 

molecule, the chromosome. (Sorne bacteria seem to have a linear chromosome and a few cases 

of bacteria with two chromosomes have been claimed to exist). Many bacteria also contain other 

replicating DNA molecules that Iive in hannony with their hosts - plasrnids. Most plasrnids 

seem to be circular but also linear plasrnids exist The size of the chromosome of bacteria such 

as Escherichia coli and Bacil/us subtilis is about 5 Mbp, whereas plasrnids range in size from 

1.5 kbp to Mbps. 

Plasrnids replicate independently of discrete events in the cell cycle of the host They control 

their replication and other processes that secure their maintenance in a bacterial population 

(partition, site-specific recombination, killing of plasrnidfree hosts, and inhibition of cell 

division at low copy numbers).and their spread to other bacteria. 

Plasrnids measure their concentration and adjust the replication frequency to attain and retain 

a given copy number, which is a function of the plasrnid, the host, and the growth conditions 

and can be as low as one and as high as hundreds or thousand copies per cell. 

Plasrnid systems actively partition the plasrnid molecules between the daughter cells. This 

involves a centromer analogue, a site that is active in cis and, often, two proteins that can act in 

cis as well as in trans. Studies of incompatibility indicate that plasrnid molecules pair during 

partition. In the absence of the par region, sorne plasrnids are distributed randomly between the 

daughter cells: about 1Q·2n of the daughters do not receive a plasrnid (n is the average copy 

number of a newbom cell). A n value of 10 gives a loss frequency of about 10-6, which is close 

to the resolution in stability studies. Other Par plasrnids seem to be lost with a frequency that is 

worse-than-random. This rnight be due to a broad copy-number distribution or to sorne kind of 

clumping/aggregation causing the unit of segregation to be more than one plasrnid genome. 

Plasmids recombine to yield dimers, trimers, etc. The resolution of these into monomers is 

slow. Many plasmid~ encode site-specific-recombination (ssr) functions that resolve thl" 

multimers. 

At least two types of systems kili from within those daughters that are bom without a 

plasrnid copy, one consisting of two proteins, a toxic protein and a protein that binds and 

inactivates the toxic protein (e. g. the Ccd system of plasmid F), and one in which a messenger 

for a toxic protein is posttranscriptionally inactivated because it binds an antisense RNA (e. g. 

the Hok/Sok system of plasrnid R 1 ). 

Most plasrnid maintenance experiments have been performed with populations growing 

exponentially in batch cultures. The basic replicon of plasmid R1 (n = 3-4) is lost in a 

frequency of about 10·2 per cell division. The frequency is reduced hundredfold if either the par 

or the hoklsok systems are added to the basic replicon; the presence of both systems gives a 
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frequency of about IQ-6. The natural Rl plasmid is lost in a frequency ~ IQ-7. The difference 

might be due to Ssr or to the fact that Rl carries two killer systems, lwldsok and parD. 

Plasmids often reduce the growth rate of their hosts. This is causes an accelerating loss of 

the plasmid from a plasmid-containing population- in the early phase, the plasmidfree cells are 

formed by loss of the plasmid, whereas at later stages, the growth-rate difference dominates. 

Most stability experiments have been performed with populations growing exponentially in 

batch cultures, whereas in Nature bacteria presumably go through phases of rapid growth 

intersected by stationary conditions ("feast and farnine") . Few studies have been devoted to 

plasmid maintenance in the postlogarithmic and stationary phases. In Nature, many bacteria 

grow on surfaces rather than in suspension. Much less is known about the quantitative aspects 

of plasmid maintenance during growth on surfaces than in liquid cultures. 

Natural plasmids often constitute a few percent of the total DNA in their hosts; two percent 

is about 100 Mbp per genome equivalent of E. coli. Hence, a large plasmid is only present in a 

few copies per cell, wheras a small one is present in many copies. The DNA as such seems to 

limit the growth of the host - as the DNA content increases, the growth rate decreases and at a 

DNA content that is threefold higher than the normal amount, the growth rate becomes zero. 

Many plasmids transfer themself by conjugation. A transfer system occupies about 20 kbp 

of genetic information. Severa! tra systems exist. The key features are sex pili that establish 

contact between donor and recipient. Sorne tra systems function best when the bacteria are 

growing on surfaces whereas others may cause efficient transfer in liquid medium. Most tra 

systems seem to be repressed and the frequency of transfer is fairly low. However, a newly 

acquired tra plasmid can rapidly transfer itself to other bacteria because there is a transient 

period of a derepressed state. The ability of transfer is of great ecological and evolutionary 

importan ce. 

Many plasmids possess functions that kili related bacteria by bacteriocins produced from 

plasmid genes. The producing cell is immune to the bacteriocin. 

Plasmids may recombine with other replicons. The resolution of the cointegrates may 

follow a different route compared to their formation and result in the formation of new 

combinations of genes . This is of great importance both ecologically and evolutionary 

(horizontal evolution) and may be an importan! factor in the evoluiion of genomes. 

Reference 
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Population selective amplification (PSA) and the evolution of 
plasmid-mediated P-lactamases 
F. Baquero, M.I. Morosini, M.C. Negri, M.R. Baquero and 
J. Blázquez. Department of Microbiology, Ramón y Cajal 
Hospital. National Institute of Health (INSALUD). Carretera 
de Colmenar km 9,100. 28034 Madrid, Spain. 

An unexpectedly rapid evolution of plasmid-mediated 
a-lactamases is occurring all over the world. The widespread 
"classic" genes encoding TEM-1 or TEM-2 enzymes, hydrolysing 
ampicillin, have been modified by sequential mutations, so 
that these enzymes are now able to inactivate third 
generation cephalosporins and monobactams, or to res·ist the 
inactivation ~y clavulanate or other a-lactamase inhibitors. 
The emergence of sorne of these new "extended . ' spectrum 
a-lactamases" as enzymes carrying two or more iaminoacid 
modifications, strongly suggest that the "first" mutational 
events ~roduced a non relevant change in phenotype and 
remained undetected. Nevertheless, these "first" cryptic 
mutations were indeed selected by antibiotic use. 
Site- directed mutagenesis permitted us to reproduce in an 
identical genet~c context these early TEM-mutants. In various 
cases, a single mutation leads to a minar increase in minimal 
inhibitory concentration (MIC) to antibiotics such as 
cefotaxime; for instance, the change to serine in position 
164 of TEM-1 (now is called TEM-10) increases the MIC from 
0.03 ~g/ml to only 0.06-0.12 ~g/ml. Is that a selectable 
resistance?. It has been frequently assumed that mutants 
exhibiting very "low level" resistance were unselectable, in 
clinical practice, considering the high antibiotic 
concentrations attainable during treatments. Nevertheless, at 
any dosage, antibiotics create concentration gradients 
resulting from pharmacokinetic factors such as elimination 
rate or tissue distribution. Most probably, bacteria! 
populations in the human body are facing a wide range of 
antibiotic concentrations. Any antibiotic concentration is 
potentially selPctive if it is able to inhibit the basal 
suscepLib1e population but not in the same extent the variant 
harbouring the modification leading to MIC increase. In other 
words, a selective antibiotic concentration (SAC) is such if 
the MIC of the susceptible population is exceeded, but not 
that corresponding (even if it is very clase) to the variant 
population. If the MICs of both is surpassed, no selection 
takes place (in fact the wild-type predominant population 
tends to survive after the challenge) and the same is true if 
the antibiotic concentration is below the MICs of both 
populations. Therefore, the selection of a particular variant 
may only occur within a very narrow range of concentrations. 
The continuous variation of antibiotic concentrations may 
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ressemble a tuning device which "select" a particular radio 
frequency (the signal is the "valley" concentration between 
MICs of susceptible and mutant strains) a particular emission 
(the mutant strain). Because of the natural competition of 
homogenic bacterial populations in a clase habitat, the 
"signal" is amplified, and very small differences in MIC 
resul ts in drama tic ( "quantum-type") changes in the 
populations structure. This model was tested in mixed 
homogenic cultures of TEM-1, TEM-12 and TEM-10 populations 
(90:9:1 proportions). Results confirm a sharp population 
selective amplification (PSA) at particular antibiotic 
concentrations. The sensitivity of this PSA-test to extremely 
subtle changes of antibiotic concentration is very high: at a 
cefotaxime concentration of only 0.008 ~g/ml, TEM-12 began to 
be clearly selected against TEM-1. The selection was not more 
detectable (predominance of TEM-1) at 0.06 ~g/ml, a type of 
response clase to periodic selection. Only at higher 
antibiotic concentrations, TEM-10 began to be selected over 
TEM-1. These results suggest that every mutational event, 
even with apparently small phenotypic change, has a real 
chance to be selected by antibiotics. This selection 
increases the possibility of plasmid spread and the therefore 
the possibility of acquisition of new mutations. The 
behaviour of rapid population replacements as a consequence 
of subtle changes in the environment ressembles those found 
in chaotic systems. Research in mole~ular population ecology 
should complement the studies of molecular genetics and 

molecular physiology of antibiotic resistance. 
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Plasmid/transposon-mediated spread oC glycopeptide resistance 
S. DliTKA-MALEN, M. ARTIIUR, S. EVERS, R. QUINTILIANI Jr., R. LECLERCQ, and P. 
COURVALIN. 
Unité des Agents Antibactéóens, CNRS EP 10058, Institut Pasteur, Paris, France. 

Plasmid-mediated resistance to vancomycin and teicoplanin was first detected in 1986. It became 
rapidly apparent that glycopeptide-resistant enterococci were phenotypically and genotypically 
heterogeneous (Table 1). Inducible resistance to high levels of vancomycin and teicoplanin (VanA 
phenotype) is, in most strains, mediated by self-transferable plasmids. The genes necessary and 
sufficient for expression of the VanA phenotype are carried by transposon Tnl546 of 10,851 bp 
which encodes nine polypeptides (Fig. 1) that can be assigned to four functional groups: transposition 
functions (0RF1 and ORF2), regulation of vancomycin resistance genes (VanR and VanS), 
resistance to glycopeptides by production of depsipeptides (VanH, VanA, and VanX), and accessory 
proteins that may be involved in peptidoglycan synthesis, but are not necessary for glycopeptide 
resistance (Van Y and VanZ). Tnl546 is delineated by imperfect (36/38 bp) inverted repeats and is 
structurally related to transposons of the Tn3 family. The putative transposase (ORF1) and resolvase 
(0RF2) of Tnl546 are transcribed in opposite directions, as in Tn3 and in related transposons. 
However, the deduced amino acid sequences of ORFl and ORF2 display a higher degree of similarity 
with proteins encoded by genetic elements from Gram-positive bacteria that do not ha ve a Tn3-like 
structure. Plasmid conduction experiments performed in Escherichia coli indicated that TnJ 546 
transposes in a host deficient in general recombination. Transposition is replicative, leads to the 
formation of cointegrate plasmids, and generates a 5-bp duplication at the target site. Analysis of the 
insertion specificity ofTnl546 revealed similarities with that ofTn3. Transposition was obtained at 
multiple loci of a small plasmid in E. coli. The 5 base pairs duplicated upon insertion had a high 
adenine plus thymine contenL A putative "hot-spot", in which insertion ofTnJ546 occured in both 
orientations, was flanked by a tetranucleotide also present at the ends of the transposon. Cointegrate 
molecules generated by replicative transposition of TnJ 546 were found to be stable in E. coli hosts 
deficient in homologous recombination. This may imply that Tnl546 does not code for a functional 
resolution system although, as airead y mentioned, ORF2 displays extensive similarity with various 
resolvases. Severallines of evidence suggest that high-level resistance to glycopeptides in enterococci 
isolated in Europe and North America is mediated by transposons similar to Tn1546. Nucleotide 
sequences related to the vanA gene were detected by DNA hybridization under stringent conditions in 
al! representatives of a collection of 31 strains expressing the VanA phenotype. Further analyses of 
three strains revealed similarity with the en tire sequence of TnJ 546 and a common gene organization. 
The sequences of the in verted repeats of these elements and of TnJ 546 were identical Finally, the 
vanR genes of two strains isolated in France and in Spain are identical in sequence. High-level 
glycopeptide resistance has been detected in strains of E. faecium, E. faecalis, E. avium, E. durans, 
andE. mundtii belonging to various biotypes. These characteristics of strains with a VanA phenotype 
indicate that spread of high-level glycopeptide resistance is not due to an epidemic of a strain or a 
plasmid. In plasmid piP816, where it was originally detected, Tnl546 is inserted into a sequence 
nearly identical (96 %) toa streptomycin resistance gene and there is a 5-bp duplication of the target 
sequence. A TnJ 546-related element was also flanked by 5-bp direct repeats in a different sequence 
environment. These observations indicate that transposition plays a role in dissemination of 
vancomycin resistance genes among enterococcal replicons. Conjuga! transfer of various plasmids, 
that ha ve acquired TnJ 546 or closely related elements by transposition, appears therefore to contribute 
to the spread of vancomycin resistance genes in enterococci. 

Strains with genes of the vanB class are inducibly resistant to various levels ofvancomycin (VanB 
phenotype; Table 1). These strains remain susceptible to teicoplanin although vancomycin induces 
resistance to this antibiotic. VanB resistance in certain strains is transferable by conjugation. Analysis 
of transconjugants by pulsed-field gel electrophoresis indicates that vanB is located on large, 90-240 
kb, chromosomal elements. 

E. gallinarum and E. casselifo¡vus are intrinsically resistant to low levels of vancomycin and 
susceptible to teicoplanin (VanC phenotype, Table 1). Vancomycin resistance is associated with 
sequences related to genes vanC-1 that is specific of E. gallinarum or vanC-2 specific of E. 
casseliflavus but the mechanism of resistance remains unknown. Strains of E. gallinarum and E. 
casselifo¡vus resistant to macrolide-lincosamide-streptogramin B-type (MLS) antibiotics and to high 
levels of glycopeptides (VanA phenotype) were isolated recently from the faeces of a patient with 
acute myelold leukaemia treated with oral vancomycin. High-level resistance to glycopeptides 
together with MLS resistance were transferable from the two clinical isolates to E. faecalis. The 
transconjugants were resistant to high levels of glycopeptides and MLS and harboured a plasmid, 
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piP218, of approximately 16 kb carrying the vanA gene cluster. Since E. fauium strains highly 
resistant to glycopeptides were fust isolated in the blood cultures of the patient, it is likely that piP218 
originated in these strains. Transfer of piP218 between the different enterococcal species probably 
occured by conjugation in the gastrointestinal tract as airead y observed for other resistances. The fact 
that strains of E. galünarum and E. casseliflavus ha ve acquired genes conferring high-level resistance 
to glycopeptides suggests that, under certain circumstances (e.g., oral vancomycin therapy), 
constitutive low-level resistance to this drug is not sufficient for survival of the host bacterium. 

Table J. Glycopeptide resistance in enterococci 

Genotype 

Pbenotype 
Vancomyán MIC (J.lg/ml) 
Teicoplanin MIC (J.lg/ml) 
Express ion 

Genetic basis 

Transfecability 

Species 

ORFl 

trans¡x:lsition 

Acquired resislanre lntrinsic resistance 

vanA 

VanA 
64- >1,000 
16-512 
inducible 

plasmidic 
(fn1546) 

+ 

E.faecium 
E.faecalis 
E. avium 
E. durans 
E. mundtii 

regulation 

vanB 

Vaill 
4- >1,000 
0.5-1 
inducible 

chromosomal 

+ 

E.faecium 
E.[aecalis 

vanC 

VanC 
2-32 
0.5-1 
constitutive 

presumably 
chromosomal 

E. gallinarum 
E. casse/iflavus 

o.o-c:atboxy- unknown 
pcptidue 

required for glycopeptide 
resistance 

accessory proteins 

FIG. l. Map of Tnl546. Open arrows represent coding sequences. Closed and open arrow heads labeled lRL and lRR 
indicate the left and right inverted repeats of the transposon, respective! y. Genes vanH, vanA, and vanX are cotranscribed 
from a promoler located in the vanS-vanH intergenic region. 
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THB pR PLASHID AS A TOOL TO IJVBSTIGATI TBB KOLBCULAR BABXS OF 
TRI HOSPITAL IKrBCTXOHS 

Battaglia P.A.*, Tosini F.*, venanzi S.* and Gigliani F.o 
*Istituto Superiore di Sanitl Laboratorio di Biologia Cellulare, 
Roma, Italy and 0 0ipartimento di Biopatologia Umana, Universit! 
"La Sapienza", Roma, Italy. 

The aim of my tolk will be to demonstrate that (i) in the pR 
plasmid three genes, bat, uvpl and mucAB, cooperate togheter in 
the interest of the plasmid genome maintenance and in the 
spreading in the hospital environement; (ii) the bat gene 
coordinates the expression of uvpl and mucAB genes. 
The pR plasmid is a derivativa of plasmid R46, belonging to N
incompatibility group originally isolated from a hospitalizad 
patient. The pR plasmid contains the mucAB genes and the recA 
activated protein regulates their expression (1,2). These genes 
are involved in the origin of spontaneous mutations and in the 
repair of DNA damage caused by UV light (frequently used for 
sterilization) . 
By using an artificial hybrid between phage lambda and pR 
plasmid, we have shown that the rep region of the pR plasmid 
encodes a function which regulates the expression of the mucAB 
genes (i.e. plasmid genes that are under the negative control of 
the lexA gene and are responsible for an encreased rate of 
spontaneous mutagenesis and resistance to UV and chemicals). By 
deletion mapping we have located the gene (termed bat) encoding 
the antagonist of lexA in the rep region of the pR plasmid. The 
pR bat gene function is essential for plasmid replication and for 
spontaneous induction of the sos response in Escherichia coli. 
Mutations preventing single-stranded DNA production, needed for 
pR replication, also prevent the induction of the SOS system. 
In addition to mucAB and bat genes, the pR aleo contains the uvpl 
gene (3) that encodes a 20k0a protein which appears to be 
responsible for enhancement of both UV survival and recombination 
in E.coli. By using the purified Uvpl protein, we have 
identified a DNA region which is specifically involved in Uvpl 
binding; the binding region is located about 1 kb upstream from 
the uvpl encoding sequence, within in a region between the 
ampicilin resistance gene (Oxaii) and an open reading frame 
coding for an integrase (4,5). As previously reported by Martinez 
and de la Cruz (5), recombination events in this region elicit 
formation of cointegrates. The uvpl function is to resolve the 
cointegrated plasmids. The resolution of cointegrated plasmids 
gives rise to different associations of the antibiotic 
resistences. The uvpl present another new and interesting 
property: the regulation of the gene depends on the activated 
RecA protein. 
In conclusion, the recA protein coordinates the expression of the 
uvpl and mucAB genes each time that the pR plasmid replicates by 
rolling circle mechanism induced by the bat protein. 
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"DETECTION OF MICROORGANISMS AND MONITORING OF THEIR 
METABOLIC ACTIVITY IN NATURAL ENVIRONMENTS" 

Seren Molin 
Department of Microblology 

The Technical Universlty of Denmark 
DK-1800 Lyngby, Denmark 

The bacteria! taxonomist's dream must always have bcen to develop a staining method 
which specifically, and without isolation and purification of the bacteria, can identify 
unequivocally a spccies. (At least, this is my nalve vision of how taxonomists dream). The 
modem phylogenetic identification methods based on in situ hybridization of fluorescently 
labelled oligonucleotides complementary to species spccific sequence domains in one of 
the large ribosomal RNAs fulfill this dream. The sequencing of a very large number of 
ribosomal RNA genes in different organisms has provided a unique database of infor
mation conceming evolutionary relationships, and the distribution of conserved and 
variable domains has made it possible to specifically design oligonucleotides which will 
only recogniz.e members of kingdoms, phylo-groups, families, genera or species dependen! 
on the particular sequence domain. Combined with fixation in paraformaldehyde and 
fluorescence microscopy the in siru hybridization of rRNA allows identification of single 
bacteria! cells directly in environmental samples. 

The ribosome is a key cellular component involved in the complex process of translation, 
and its synthesis requires a substantial amount of energy and resources; thus, at fast 
growth of bacteria the ribosomal proteins may constitute up to 25% of total cellular 
protein. rl:.is therefore not surprising that the synthesis of ribosomal components is 
regulated and coordinated, and already in the early days of microbial molecular biology 
the fameous experiments of Maaloo et al. in Copenhagen showed that the content of 
ribosomes in bacteria correlated with the growth rate of the cells: Fast growing cells 
contained many ribosomes, slow growing cells had fewer. This correlation seems to be 
true for most if not al! bacteria. By growing cultures of purified strains in a number of 
different media supporting diffcrent growth rates a standard curve for this relationship 
may be obtained. 

In a series of studies we have investigated a strain of E. col/ aml its colonization of and 
behaviour in the Iarge intestine of mice. One importan! aim was to localizc thc bacteria 
relative to the different sectors in the gut, and another was to obtain estimates of the 
bacteria! growth rates during the process of establishment and persistance. The strain we 
used was originally isolated from a rat, and a preliminary characterization of the strain 
showed that it grows very well in standard E. coli media, and it was shown to harbour 
two fairly Jarge plasmids, which we have used as identification markers. A standard curve 
for the relationship between ribosome content and growth rate was produced in test tube 
experiments, and the outcome was as expected . A specific E. co/i oligonucleotide probe 
labelled with a fluorescent dye was designed for hybridization experiments. 

The colonization model applied in these experiments is based on a treatment of the mice 
with streptomycin in order to remove the aerobes including the enterics. Most anaerobic 
bacteria are not affected by this drug treatment. By feeding streptomycin resistan! bacteria 
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to the animals colonization will take place and may be monitored cither from fecal 
sarnples or by thin sectioning of the digestive tract. Both types of samplcs can be analysed 
for their content of the fed bacteria through in situ hybridiz.ation followcd by fluoresccnce 
microscopy. The E. coli strain we use was made streptomycin resistan! and excellent 
colonization in the antibiotic treated mice was always obtained. No hybridi1.ation was 
observe<! in the animal samples prior to feeding with E. coli showing that the probe is 
specific. The microscopy of the E. coli infected mouse samples showed that this organism 
constituted from a few up to 15% of the total population, and they were cxclusively found 
in the large intestine. Capturing microscopic images with a CCD camera provided the 
possibility to quantify the hybridization signals, which could be converted into cstimates of 
ribosome contents by comparison with the standard curve; thus, estimatcs of growth rates 
based on hybridization signals from single cells were obtaine<l. 

The major conclusions so far obtained from this study are: 

1) E. coli grows in the mucus of the large instestinc of mice 

2) The growth rates scem to be very fast inítially, but cven at late times aftcr 
infection the bacteria grow surprisingly fast. 

3) There is selectíon for slow-growing bacteria in the gut, which, howcver, m ay 
have a sclective advantage in the absence of oxygen. 

4) The method of identification and monitoring of metabolic activity is genero! and 
certainly not reslricted to the presentcd case. 

Key references: 

Amman, R.I., Krumholz, L., and Stahl, D. A. 1990. J. Hacteriol. 172, 762-770 (In situ 
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A NOYEL SYSTEM TO EXPLORE THE ECOLOGICALIEYOLJJTIONARY 

ROLE OF BARRTERS TO GENE DISPERSAL IN BACTERIA. 

Díaz, E., M. Munthali, V. de Lorenzo and K. N. Timmis 

GBF, National Research Centre for Biotechnology, Braunschweig, Gerrnany 

The microbial world has developed effecrive mechanisms of gene transfer as well as 

equally effective mechanisms to inhibit gene transfer, which on one hand facilitate the rapid 

spread of advantageous properties when environmental conditions change, and on the other 

hand favour the conservation of genetic identity and stability. We present here a system that 

constitutes an interesting too! to explore the ecological and evolutionary consequences of 

shifting the equilibrium towards genetic constancy, for example under conditions which 

ordinarily select for change. 

We ha ve developed a gene containment system based on a lethal donation of a lcilling 

function. The system in vol ves two genes, the lcill gene, the one that codes for a lethal function, 

and the immunity gene, the one that codes for a specific repressor of the lethal function. In the 

genetically engineered microorganism (GEM), the gene specifying the lethal function is closely 

linked to the determinan! of the novel phenotype, whereas the immunity gene is located distant 

from the recombinant genes such that co-transfer of immunity gene with kili gene is highly 

unlikely. Transfer of the determinan! of the novel phenotype to a new organism will be 

accompanied by that of the lethal function but not by that of the immunity function, and the 

recipient organism will be lcilled. In a model such as this, the lcilling function should be active 

in as wide a range of poten tia! recipients as possible, whereas the immunity function should 

exist naturally in a very restricted number of organisms. The colicin E3 system fulfils both 

requirements. Colicin E3 is a bacteriocin produced by certain colicinogenic strains of 

Escherichia coli which lcills closely related microorganisms by inhibiting protein synthesis. It 

does this by specifically cleaving a fragment of about 50 nucleotides from the 3' end of the 16S 

rRNA containing inter alia the mRNA binding site (Shine-Dalgarno site). Colicinogenic strains 

are irnmune to colicin E3 since they produce an immunity protein that binds to colicin E3 and 

prevents its action. Genes co/E3 and immE3 , encoding colicin E3 and E3 immunity protein 

respectively, are present in a non self transmissible plasmid, pCo!E3-CA38, and they are 

cotranscribed in an operon. 

We ha ve cloned and constitutively expressed co/E3 and immE3 genes separately. The 

Instituto Juan March (Madrid)



82 

immE3 gene was integrated and constitutively expressed in the chromosome of different E. 

coli and Pseudomonas putida strains. On the other hand, by using PCR techniques and 

E.colilmmE3 as a recipient strain, the co/E3 gene was cloned under the control of the Ptac 

promoter in pVLT31, a promiscuous plasmid able to replicate both in Gram-positive and Gram

negative bacteria We ha ve checked the efficiency of our containment system by using different 

ways of DNA transfer, transformation and conjugation, and different recipient microorganisms 

representa ti ves of the main subgroups of Proteo bacteria: E. coli, P. putida , P. fluorescens, 

Alcaligenes eutrophus, Comamonas acidovorans, Rhizobium meliloti and Agrobacterium 

tumefaciens. In all cases we obtained between 104-106 times less plasmid-containing 

tetracycline-resistant recipients with the plasmid expressing colicin E3 than with the wild type 

vector. 

These results show that colicin E3 and immunity E3 can be engineered as an efficient 

gene containment system, and that the bactericida! effect of colicin E3 is manifested in a variety 

of important strains for environmental purposes. Dueto the fact that the sequence in the 16S 

rRNA cleaved by colicin E3 is absolutely conserved in all prokaryotes, this killing function 

should be universal in nature and an excellent candidate to design barriers that will decrease 

dispersa! of recombinant genes arnong indigenous microorganisms of ecosystems into which a 

GEM is deliberately or accidentally introduced, an important aspect of risk assessment 

associated with the release of GEMs into the environment. The lethal gene donation system 

described here represents, in addition, a new strategy to study the ecological and evolutionary 

implications of shifting the natural equilibrium between gene transfer and gene constancy. 
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Microbial sensing of aromatic pollutants : 
Specificity and cross-talk among catabolic promoters of Pseudomonas 

V. de Lorenzo. Centro de Investigaciones Btológlcas (CSIC) Velázquez 144, 
Madrid 28006 (Spaln). 

Aromatic pollutants, In particular alkyl- and chloro-aromatic compounds, 
are the most ubiquitous xenobiotlc molecules present In vlrtually all 
ecosystems as the result of urban and industrial actlvlty slnce early thls 
century. Mlcrobial communities have evolved In many cases the abllity to cope 
with such molecules by assembling catabolic pathways whlch afford the 
bioconverslon of aromatlc structures into central metabolic lntermedlates. 
Although the rule ls that complete mineralization of these compounds 
requlres the concourse of enzymatlc activlties provlded by dlfferent members of 
the communlty, there are many cases also In whlch one single straln can use 
as the sole source of carbon and energy an otherwise recalcltrant compound. 
Such pathways frequenty appear encoded by transmissible plasmids, 
sometlmes included withln large transposons, whlch under adequate pressure, 
may spread and amplifY the capacity of a given communlty to metabolize these 
compounds. Many stralns of Pseudomonas and related Gram-negatives carry 
such plasmids whlch allow the complete metabolism of a vartety of unusual 
aromatic chemlcals. 

Analysls of DNA and proteln sequen ces of the enzymes whlch form catabolic 
pathways has revealed that. as a rule. lsoenzymes whlch catalyze similar or 
identlcal steps wlthin catabolic pathways tend to be hlghly homologous even 
In cases where the substrates of the pathway are very different. Catechol 2,3 
dioxygenases of the meta-TOL pathway, the lower NAH pathway, the bph 
pathway and the dmp pathway are extremely similar, even though they are 
integrated within catabolic operons targeted to the degradation of compounds 
as diverse as meta-toluate, salicylate, biphenyl and phenol. These homologles 
suggest a common evolutive origin for the enzymes and even for different 
portlons of the pathways, which may get assembled at a glven time to respond 
to a novel substrate through DNA slippage or other mechanlsms. The 
m echanlsm of transcriptional control under which these operons occur. ls 
however. extremely dlfferent regardless of the structural slmilarlty between 
pathway lnducers. The meta-NAH pathway, actlvated by sallcylate, uses a 
transcriptlonal control system based on the NahR proteln. whlch belongs to 
the LysR family of regulators . On the contrary. the meta-TOL pathway is 
regula tt>d by an actlvator, XyiS . of the AraC family. This is partlcula rly 
striklng. since XylS mutants ca n be easily found which respond to salicyiate. 
Thls suggest that transcrlptional control evolves quite independently of the 
structural genes of the catabolic operons. To gatn sorne inslght In the way 
control elements get assembled wlthln blodegradatlve pathways we have 
exarnlned In detall two cases In whlch a single promoter reglon located in front 
of a polyclstronlc operon can respond to at least two regulators whlch respond 
themselves to dlfferent aromatic effectors . 

The first case ls that of the Pu promoter of the archtyplcal TOL (toluene 
degradation) plasmld pWWO of Pseudomonas putlda. Thls Is a sigma-54 
dependent promoter whlch requlres the b!ndlng of a cognate activator, X y IR, to 
upstream activating sequences (UAS) in order to lnitlate transcrlptlon when 
cells are exposed to toluene. A dlstlnct IHF sequence placed between the UAS 
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and the RNApol binding site ensures not only a maximum activity under 
induced conditions, but also enhances the fidelity and the strictness of the 
response to the rtght inducer/actlvator. This effect is dueto the DNA bending 
caused by IHF and can be mimicked by substltutlng the IHF site wtthin the 
promoter by a statlcally curved DNA sequence. In spite of such barrters, Pu can 
also be illegitimately actlvated by the regulator of a totally different catabollc 
pathway, namely DmpR. ofthe phenol degrading pathway of plasmid pVI150 of 
Pseudomonas CF600. Both in the absence and the presence of XylR. DmpR 
makes Pu to respond to phenol by bindtng the very same UAS which are the 
target sites for XylR. 

The second example is the XylS-dependent and independent activation of 
the Pm promotor of the TOL plasmid : The Pm promoter of the meta-cleavage 
operon carrted by the plasmid becomes activated by the plasmid-encoded XylS 
regulator in the presence of a variety of benzoate effectors. XylS belongs to the 
AraC family of transcriptional regulators and acts upon Pm by binding a 
distinct directly repeated sequence within the promoter reglan. In the absence 
of XylS, Pm is still responsive to unsubstituted benzoate but with an 
inductlon kinetlcs and within a range of activity which differs substantially of 
the XylS-mediated activation. XylS-independent induction by benzoate is 
dependent on sigma-54 and regulated by growth-phase. However, 
XylS-dependent and independent transcription is initiated at the very same 
nucleotide. Furthermore, a series of deletions and mutations at the P m 
promoter sequence showed the same overall pattern of responsiveness to 
benzoate with or wtthout XylS. thus providing genetic evidence that the same 
promoter structure is recognized and activated by at least two different 
regulators. One of them is XylS, while the other, provided by the host 
bactertum, could be related to the chromosomally-encoded benzoate-degrading 
pathway. 

All these data indicate that activation of catabolic promoters is not a very 
specific process. Unrelated regulators present in the same cell or acquired 
occasionally from other members of the community can make promoter 
sequences to shift totally its specificity and transcribe catabolic genes or 
operons in response to signals for which they do not seem to be initially 
programmed. This may further enhance the capacity of bacterial communities 
to quickly adapt to changtng environmental conditions by circulating 
"regulatory cassettes" which can be recruited for the assembly of 
transcrtptional control elements in new degradative pathways. 
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MOBILIZATION OF RSF1010 BY TBE INCW PLASMID R388 AND TBE INCP 
PLASMID RP4 REQUIRES TBE CONJUGATIVE PILUS AND A TRAG-LIKE 
PROTEIN 

Elena Cabezón, Erik Lanka and Fernando de la Cruz. 
Departamento de Biología Molecular, Universidad de Cantabria, C. 
Herrera Oria s/n, 39011 Santander, Spain. 

RSF1010 belongs to the plasmid incompatibility group IncQ and 
like many other non-conjugative plasmids only encodes DNA 
mobilization genes: oriT and Mob proteins. Therefore, it can only 
be mobilized when an appropriate conjugation system is provided 
by a coexisting conjugative plasmid. 

In this work, the IncW plasmid R388 genes involved in 
mobilization of non-conjugative plasmid RSF1010 have been 
analyzed by genetic complementation in mating experimenta. This 
mobilization requires the genes involved in pilus synthesis, plus 
trwB. Similarly, mobilization of RSF1010 by RP4 requires Tra2 
plus traF and traG {Lessl et al.,1992) and the mobilization by 
this incompatibility group is extremely efficient. When trwB plus 
~w is substituted by traG plus pilv, RSF1010 is mobilized at 
hight frequencies. In this case, traF is not necessary, even 
being essential for RP4 conjugation. Besides, traG can 
efficiently substitute for trwB in RSF1010 mobilization, but it 
is very inefficient at complementing selftransfer of R388 TrwB 
mutants. In arder to check any difference in the efficiency of 
mobilization of different plasmids, the same studies were made 
with ColE1, and the results showed the same picture: the 
frequency of mobilization is very similar and the same genes are 
involved. 

The functional complementation found in this work between 
proteins of different conjugative systems confirma the similarity 
shown by their aminoacid sequencies {Llosa et al.,1994). TrwB, 
TraG and VirD4, together with Tra§ of RP4 are possibly the 
mediatora between the specific relaxosomes formed by the initial 
processing of the donor DNA and the core transfer apparatus, 
implicated in the extrusion of the DNA and suggests the existence 
of a protein family common to many DNA-transfer processes. 
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ldentification and characterization of the maintenance 

functions of the lncHI plasmids. 

P. Gabant1, A. Ouazzani Chahdi1 , P. Newnham2, D. Taylor2 and M. Couturier1. 
1, Department of molecular biology, Université Ubre de Bruxelles, 67 rue des chevaux, 1640 
Rhode Saint Genése, Belgium. 2,Department of Medica! Microbiology and lnfectious Diseases, 
University of Alberta, Edmonton, Alberta, Canada TGG 2E1. 

Members of the lncHI group are large conjugative plasmids presenting an unusual 
thermosensitive transfer (Smith, 1973). We have isolated and characterized three 
maintenance regions of the lncHI1 plasmids: two replicons and a locus that expresses 
incompatibility toward plasmids of both lncHI subgroups (lncHI1 and lncHI2). By DNA
DNA hybridization experiments, we demonstrated that these maintenance regions are 
different and that they are specific to, and carried by, all lncHI1 plasmids tested. In 
view of this specificity we decided to designate the replicon isolated from R27 plasmid 
as RepHI1A and the replicon from piPS22 as RepHI1B (Newnham and Taylor,in press, 
1993; Gabant et al., 1993 and in press) . These two autoreplicative regions are not 
related to a third replicon present in all lncHI1 plasmids that bears homology with 
RepFIA and that expresses the characteristic incompatibility of lncHI1 subgroup 
plasmids toward F factor (Taylor et al. 1985 and Saul et al., 1988). The RepHI1 A, 
RepHI1B and lncHI1 determinant were located on the R27 map and sequenced (Gabant et 
al., 1993, Newnham and Taylor, submitted). The DNA sequence of the lncHI1 region 
reveals five direct repeats of 31 bp. We obtained evidence that it is most probably a 
component of an active partition locus involved in the maintenance of lncHI1 plasmids. 
lnterestingly, this lncHI1 locus hybridizes only with lncHI1 plasmids but expresses 
incompatibility toward plasmids of both lncHI subgroups (lncHil and lncHI2}. 
The DNA sequence of RepHil B reveals DNA repeats of 1 7 base pairs located upstream 
and downstream from a gene coding for a 32 kilodalton protein required for replication 
(RepA). lnterestingly, RepA presents significant homology with other Rep proteins 
encoded by plasmids belonging to different lnc groups : P1 (lncY}, Rts1 (lncT), RepFIB 
(lncFI} and RepHI1 A (lncH11 ). The observed resemblances suggest that these replicons 
emerge from a common ancestor, despite their belonging to different incompatibility 
groups. All these results and a first molecular analysis of the RepHI1 B replir.on provide 
strong evidence that it belongs to the group of plasmids which control their copy 
number by an iteron mechanism. 
Severa! members of the lncHI1 group are multiresistant plasmids of medica! and 
epidemiological importance (for a · review, see Taylor, 1989). Characterizing their 
maintenance loci will not only enhance our basic understanding of the replication and 
partitioning mechanisms, but also greatly facilitate identification of these plasmids, 
providing powerful tools for epidemiological studies. 

-Gabant, P., Newnham, P., Taytor, D. and M. Couturier. 1993. J. of Bacteriology. Dec. 
-Gabant, P., Ouazzani Chahdi, A. and M. Couturier. Plasmid. in press. 
-Newnham, P. and D. Taylor. Mol. Microbio!., in press. 
-Saul, D., Lane, D. and P.L. Bergquist. 1988. Mol. Microbio!. 2 : 21 9-225. 
-Smith, H. R., Grindley, N. D., Humphreys, G. O. andE. S. Anderson. 1973. J. Bacteriol. 115: 

623-628. 
-Taytor, D. E., Hedges, R. W. and P. L. Bergquist. 1985. J. Gen. Microbio!. 131 : 1 523-1 530. 
-Taylor, D. E. 1989. In L. E. Bryan (ed), Handbook of experimental pharmacology. Springer-

Verlag, Berlín, p. 325-357. 
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AGROBACTERIUM-MEDIATED DNA TRANSFER WITHIN PLANT CELLS 

Jesús Escudero, Gunther Neuhaus+ and Barbara Hohn 

Friedrich Miescher·Institut, P.O. Box 2543, CH-4002 Basel, Switzerland 

:t:Institut für Pflanzenwissenschaften, ETH-Zentrum, Universitatstrasse 2, 
CH-8092 Zürich, Switzerland 

Tel: (061) 697 74 93 

Fax: (061) 697 39 76 

Agrobacterium tumefaciens is a gram-negative soil-born bacterium responsible for tht 

crown gall disease of plants. Its main peculiarity resides in tbe release of particular 

genes located on the transferred DNA (T-DNA), whicb is part of the large tumour

inducing plasmid (pTi), and their further integration and expression in the plant-cell 

nucleus. To date it is believed that specific binding of the bacteria to the plant-cell 

svrface precedes tbe mobilisation of a T-DNA/protein complex from the bacteria! cell 

to the plant cell by a mechanism analogous to bacteria! conjugation . One of the main 

open 'tuestions in this interkingdom interaction is how the T-ONA complex gets into the 

plant cell. By using a microinjection approach we show severa! novel features for T-DNA 

transfer : (i) Dispensability of the proposed bacteria! attachment to the plant-een 

surface. (ii) The process of DNA transfer itself, from the bacteria to the eukaryotic 

nucleus, can occur inside the plant cell. (iii) The transfer of T-DNA is absolutely 

dependent on induction of bacteria! virulence (vir) genes. Hence, our results show that 

A. tumefackns can function as an intracellular infectious agent in plants. 
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ROLE OF a' IN MAINTENANCE OF THE 

PROMISCUOUS PLASMID pLSl IN Ercherichia coli 

Manuel Espinosa-Urgel', Antonio Tormo', and Manuel Espinosa' 

Departamento de Bioquímica y Biología Molecular 1 
Universidad Complutc;nse. Madrid 28040. SPAIN. 

2 Centro de Investigaciones Biológicas. 
CSIC. Madrid 28006. SPAIN 

Tbe altemative sigma factor a', encoded by rpoS, is responsible for tbe expression of a wide number of 

genes during tbe stationary pbase of Escherichia coli (1). lt is also essential for survival of bacteria in conditions 

of prolonged starvation, and a mutant allele of this gene confers adaptative advantages in stationary pbase. Tbis 

mutation occurs spontaneously in long-starved popullations of E. coli (2). Homologues of tbe rpoS gene bave 

been recently found in Salmonella choleraesuis, being related to plasmid-mediated bacteria! vinúence (3). 

We are investigating tbe possible control of plasmid pLS1 promoters by a'. pLSl is a broad-bost-range 

plasmid, capable of replicating in different Gram-positive and Gram-negative bacteria, including Escherichia coli 

(4). We bave found tbat tbe number of copies of pLS1 depends on tbe rpoS background, at least in stationary 

pbase. Both rpos• and rpos· strains present similar number of copies of pLSl during exponential growtb, but 

while in wild type strains copy number increases 10-fold in stationary pbase, in rpoS mutants, copy number 

remains unchanged. As a consecuence, pLS1 is lost more quickly in rpoS mutants when cultures are grown in 

tbe absence of selection. 

Recently, we bave found tbat a'-regulated promoters are located in intrinsically curved DNA regions (5) . 

On the basis of this fmding we have examined the role of a' in transcription from pLSl promoters, as two of 

the promoters of pLSl-tbe RNAII promoter (P "") and !he copG repB promoter (P .. ), both essential for plasmid 

replication and control of copy nurnber- are located in curved DNA regions (6). Analysis of B-galactosidasc 

activity of P alr·:facZ and P .. ::lacZ fusions indica te a negativc effcct of a' u pon P ""' and apparcntly no effect u pon 

P ... Wether a' controls dircctly or indircctly pLS1 copy number remains to be determincd. 

!.ll these results, and their implications in plasmid maintenance will be discu~se<l in this pe... ' ter. 

REFERENCES 

Kolter, R. el al. 1993. Ann. Rev. Microbio/. (in press) 
2 Zarnbrano, M.M. el al. 1993. Science 259, 1757-1760 
3 Fang. C.F., el al. 1992. Proc. NaJI. Acad. Sci. USA 89, 11978-11982 
4 Lacks, SA., el al. 1986. J. Mol. Biol. 192, 753-765 
5 Espinosa-Urge!, M., and Tormo, A. 1993. Nucl. Acids Res. 21, 3667-3670 
6 Pérez-Martín, J. el al. 1988. Nucl. Acids Res. 16, 9113-9126 

This work was supported by grant PB89-0030 from the DGICIT. Manuel Espinosa-Urge! is recipient of a predoctoral 

fellowslúp from Fundación Rich. 
Instituto Juan March (Madrid)



91 

Transfer of the broad-host-range plasmids from both Gram-positive 

and Gram-negative bacteria to Brevibacterium methylicum 

J. Hochmannová, J. Nesvera, M. Pátek, V. Becvárová 

Institute of Microbiology, Academy of Sciences of the Czech 

Republic, CZ-142 20 Praha 4, Czech Republic 

Gram-positive facultative methylotrophic coryneform bacterium 

Brevibacterium methylicum was efficiently transformed with 

various plasmids using electroporation of intact cells. In 

addition to the plasmid vectors pEC71 and pZ6-1 constructed on 

the basis of cryptic plasmids from coryneform bacteria, broad

-host-range plasmids pLSS (derivative of plasmid pMV158 from 

Streptococcus aga1actiae) and RSF1010 belonging to the incom

patibility group IncQ from Gram-negative bacteria were found 

to be present as autonomous structurally unchanged DNA mole

cu1es in B. methy1icum transformants. With the exception of 

pZ6-1, a11 these p1asmids were stably maintained in B. methy

licum cells grown under non-selective conditions. When plasmid 

DNAs isolated from B. methylicum were used the highest effi

ciency of transformation (10 5 transformants/pg DNA) was achieved. 
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CONJUGATIVE ANO THERMOSENSITIVE CLONING VECTORS FOR 
MYCOBACTERI~ , 

Gavigan J. A., Martfn C. 

In arder ta develap a transposon mutagenesis system for Mycobacterla, 
shuttle plasmlds capable of conjugative transfer fram Escherich/a coli to 
Myaobscterium smegmstis were constructed. They cantained both a pUC 
derivativa which replicates in E. coli and a thermosensitive pALSOOO, 
Mycobacterial replican. Transfer was dependent on the lnc P·type plasmid 
AP4's transfer functions integrated into the chromasame and also on the 
presence af lt's recognition slte mob in the shuttle vector. These vectors 
allowed the delivery of Tn611 at frequencies higher than thase detectad 
following electroporation af non-oonjugative vectors. 
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Transfer capacity of different plasmid species in sterile and non
sterile soil 
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A collection of plasmids of different incompatibility groups 
carrying sat1 and sat2 genes (IncFII, Inci1, IncN, IncW, IncP) on 
Tn7-like transposons and the sat3 gene (IncQ) was available after 
years of monitoring the distribution of sat genes in different 
environments. To study the effect of the localization of sat genes 
on their distribution via horizontal gene transfer E. coli strains 
with the a.m. plasmid species were tested in sterile and 
nonsterile silt loam . No background of sat genes in culturable 
bacteria was detected before inoculation of E. coli strains. The 
potential of E. coli strains to survive in sterile and nonsterile 
soil was shown to be high enough to look for gene transfer events 
in soil. Parallel to soil inoculation, plate matings were 
performed on yeast extract agar (YEA), YEA with soil extract, and 
YEA containing soil particles. The plasmids under question were 
transferred to E. coli CV601 ( thr-, leu-, thi - , rifr). For IncQ 
mobilization the pTH10 plasmid was used as helper plasmid. 

Even though all plasmids were transferred in plate matings without 
any inhibitory effects due to soil components, plasmid transfer of 
IncFII and Inci1 in E . coli CV601 was not detected in sterile and 
nonsterile soil which might be due to non-optimal spatial 
conditions for long flexible pili. Conjugative plasmid transfer of 
the broad host range plasmids IncW, IncN and IncP to E. coli CV601 
showed comparable transfer frequencies for IncP of about 3.2x10- 4 

for nutrient amended sterile soil and 3.3x10- 4 for nutrient 
amended nonsterile soil, and about 3.1x1o-s for nonamended sterile 
soil (see Figure 5 for plasmid characterization). Transfer 
frequencies for IncN were of about 3.7x1o- s for sterile soil and 
1.1x10- 4 for nonsterile soil with nutrient amendment, and for IncW 
of about 9. 6x1o-s for nutrient amended sterile soil and 6 .1xlo -s 
for nutrient amended nonsterile soil. 

50 days after incubation no E. coli !Ot.!"ains were detected whereas 
indigencus bacteria, carrying a sat2 gene, could be isolated from 
nutrient amended nonsterile soil experiment with the IncP plasmid. 
These strains, identified with the BIOLOG identification system, 
could be assigned to the genus Rhizobium and to the Flavobacterium 
group. 

Those plasmids supposed to be P-plasmids were retransferred from 
the two different Rhizobia species and the Flavobacterium to 
identical E. coli CV601. Identity of the donor plasmids was shown 
by EcoRV restriction pattern and the sensitive titre increase test 
for the respective phage (ike, PR4). 
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SPECIFICITY OF "IN VITRO" ORIGIN RECOGNITION BY THE INITIATOR 
PROTEIN REPB OF PLASMID PMV158 

M.Moscoso, G. del Solar and M. Espinosa 
Centro de Investigaciones Biológicas, CSIC. Velázquez, 144. E-28006 Madrid. Spain. 

The streptococcal promiscuous plasmid pMY158 (5536 bp) is the prototype of a 
number of small rolling circle-replicating plasmids isolated form gram-positive and -
negative bacteria (1,2). In addition to replicate in Streptococcus pneumoniae, pMY158 
can be established in the mesophilic bacteria Bacillus subtilis and in the thermophile 
S.thermophilus. All plasmids of the pMV158 family share homologies at their initiator 
of replication (Rep) proteins and their plus origins of replication (dso). Replication of 
the pMY158 leading strand is mediated by the plasmid-encoded protein RepB (3,4). 
RepB is a 24.5 leDa protein which has been purified from an E.coli expression system. 
Hydroxyl radical footprinting and filter binding assays on linear DNA (4) showed that 
RepB protein binds to a set of three iterons (the bind region), which is located 84 bp 
downstream of the si te where RepB introduces a strand- and site-specific nick to initiate 
replication (the nic region; Figure 1, and ref. S). Al! plasmids of the pMY158 family 
have iterons of different lenghts, located downstream of their nic region. The distance 
between the first base of the first iteron to the nic~ si te varies between 91 bp (plasmid 
pKMK1) and 13 bp (plasmid pAl). Rep proteins of plasmids of the family share 
homologies, which are more pronounced at their Ji-termini moiety. Those homologies 
extend the entire Rep proteins in those plasmids that have similar iterons. The 
distribution of the blocks of homology suggests that the N-terminal moiety of the Rep 
protein would be involved in nicking DNA, whereas the C-termini would be involved in 
binding to the iterons (1). 

Replicaliun 

----"' 
' ' 1 

' 1 

'' 1 
' 1 

' 1 
' 1 

' 1 

11 • 12. 13 /' 

nic hind 

Figure l. The dso or plasmid pLSl. The scheme shows the three iterons whcre RepB binds (11-13), the 
RepB-nick site on Hairpin 1 (1), and the putative Hairpin 11 (11). Position of the fe, promoter for 
transcription of copG and repB (shadowed box), and direction of replication are also indicated. In the upper 
part, it is indicated the borders of the deletions so far obtained that approximate most to the dso at its lcft 
(ll24) and ritht (llA4) parts. 

Initiation of replication of pMY158 is initiated by RepB cleaving the 
phosphodiester bond GpA within the region 5'-(G)7CfACfACG/ AC(C)6 -3'. This region 
is able to generate a secondary structure (Hairpin I), which has been mapped by 
nuclease S1-treatment of supercoiled DNA. RepB protein is able to relax supercoiled 
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DNA of pMV158 and of various of its derivatives at 37°C, although 100% relaxation 
could not be achieved. However, all molecules were relaxed at 45°C, and even at 60°C. 
Supercoiled DNAs of the related plasmids pFX2 and pE194 were treated with RepB 
protein: whereas pFX2 DNA was sensitive to RepB, no relaxation was observed with 
DNA of pE194. 

To determine the specificity of recognition of RepB to its target DNA, synthetic 
single-stranded (ss) 23-mer oligonucleotides containing base-changes at the nic region 
of pMV158 have been prepared. They have been labelled at their 5'-or 3'-ends, and 
treated with RepB at various temperatures. The results showed that: i) RepB protein is 
only able to nick ss-oligonucleotides, but not double-stranded oligonucleotides; ii) 
secondary structures does not seem to be needed on linear ssDNA; iii) RepB does not 
remain covalently attached to the 5'-end of the cleaved ssDNA, although a transient 
bond may exist, and iv) changes at the GpA dinucleotide are allowed if the G residue 
is changed by a A, but not by a T or C (Table 1). Preliminar results have shown that 
purified RepB protein is also able to sea! the nick but only if previous RepB-DNA 
contacts are allowed. 

Table l. Specilicity or recognition or purilied RepR to 23-mer oligonucleotides. 

Ol igo Sequence (5' ·3') Nicking 

wt GGGGGGGCTACTACG/ACCCCCCC ... 
C/A GGGGGGGCTACTACC/ACCCCCCC 

A/ A GGGGGGGCTACTACA/ACCCCCCC 

T/A GGGGGGGCTACTACT /ACCCCCCC 

G/T GGGGGGGCTACTACG/TCCCCCCC 

G/G GGGGGGGCT ACT ACG/GCCCCCCC 

G/C GGGGGGGCTACTACG/CCCCCCCC 

X TGCTTCCGTACTACG/ACCCCCCA 

CO!Il' GGGGGGGTCGTAGTAGCCCCCCC 
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Sequence analysis and comparison of the replication gene trfA, 

and the Tra2 genes trbA and trbB, from broad host range lncP 
plasmids RK2 and R751. 

P.B.Thorsted, D.Shah and, G.Jagura-Burdzy, C.M.Thomas. 
School of Biological Sciences, 
University of Birmingham, 
United Kingdom. 

Broad host range plasmids have gained considerable attention over the past years due 
to their promiscuous nature. The lncP family is !he bes! and most extensively studied. They 
have been isolated from a variety of bacteria! species in rnany parts of !he wor1d. Although 
diverse with respect to their different antibiotic resistance rnar1<ers and restriction maps, 
southem blotting showed that !he plasmids have a similar genetic organization, thus revealing 
their close relationship. Sequence comparisons revealed highly conserved regions containing 
sorne of !he essential genes of these plasmids. 

The lncP plasmids can propagate themselves by two methods: 1, vegetative replication, 
where !he plasmid copies itself, in order for !he two daughter cells to recieve a copy of the 
plasmid before !he bacteria! division, or 11, by conjugational transfer where a donor cell makes 
contact with a recipient cell, then transfers one of !he plasmid strands to !he new host, where 
!he plasmid can be established. 

Vegetative replication of lncP plasmids has been demonstrated to rely on !he expression 
of a plasmid-encoded replication gene trfA {mapping at 16kb-18kb), anda cis-acting site oriV 

{mapping at 12.4kb-13kb) (Figurski and Helinski, 1979, Thomas et al., 1980), from where 
unidirectional replication starts (Meyer and Helinski, 1977). The RK2 trfA operon is transcribed 
counterclockwise (Thomas, 1984) and !he polypeptide products have been shown to be SSB, 
116aa (an E.coli SSB homolog (Thomas and Sher1ock, 1990, Jovanovic et al., 1992)), L-TrfA, 
382aa and S-TrfA, 285aa {!he replication proteins) {Shingler and Thomas, 1984b, Smith and 
Thomas, 1984). L-TrfA and S-TrfA are translated trom !he same reading trame with the L-TrfA 
start codon 294 bp upstream of !he S-TrfA start codon. This results in a S-TrfA identical to the 
285 amino acid C-terminus of L-TrfA. oriV contains nine direct repeats to which TrfA can bind 
(TrfA boxes) (Stalker and Thomas, 1981 ,). These boxes are organized in three clusters of one, 
three and five repeats, with the group of five closest to !he replication start point. TrfA binding 
lo these five boxes initiates aggregation of host proteins and the start of replication {Pinkney et 

al., 1988). lt has been shown that expression ofS-TrfA is proficient lo support replication of an 
oriV plasmid in sorne bacteria. However, in Pseudomonas aeruginosa !he expression of L-T rfA 
was necessary lo maintain !he oriV plasmid (Dur1and and Helinski, 1987, Shingler and 
Thomas, 1989). Previously it h;:~~ heen ~hown that TrfA fíOm RIO c.:;n complement replication 
from R751 oriV and vice versa. This and !he fact that !he TrfA boxes in oriV and their 
organization is highly conserved between RK2 and R751 {Smith and Thomas, 1985) indicated 
that the TrfA proteins from these two plasmids would have functional similarities. An analysis 
of their sequence homology could yield information about conservation of functional domains. 

Conjugational transfer of lncP plasmids is dependen! on two regions, Tra1 {mapping at 
40kb-54kb) and Tra2 {mapping al 18kb-30kb). The Tra1 region has been shown lo be involved 
in the transfer of DNA after the bacteria! mating has occurred. oriT is part of this region and 
the gene where proteins bind and nicking occurs before one strand is transfered into the 
recipient {Guiney et al.; 1988, 1989). Mutations and deletion in the Tra2 region showed that 
these genes are essential for establishing the initial mating pair formation {mpf) between donor 
and recipient bacteria (Palombo et al., 1989, Lessl et al., 1993). The genes in !he Tra2 region 
have been designated trb genes. These are translated trom two clockwise transcripts. The first 
prometer líes upstream of trbA gene. The second prometer líes upstream of trbB. The 
trbB,C,D,E,F,G,H,t,J,K,L genes are all translated from this polycictronic messenger. 

The expression of genes for initiating either vegetative replication or conjugational 
transfer seems to be controlled by !he_ korA gene trom !he "central control operen", as KorA 

Instituto Juan March (Madrid)



97 

stimulates trbA expression and represses flfA expression (both on transcriptional level) 

(Jagura-Burdzy et al., 1992). The switching between !he two modes of replication may 

become clearer as more data emerge about the interactions of these essential genes. 

Sequence analysis and comparisons between RK2 and R751 of the flfA and trb genes 

and the peptide products may provide a fuller picture of the organization, importance, function 

and regulation of the genes in these regions, and ideas of where to direct future genetic and 

molecular studies on the replication and propagation of these plasmids. Here we report the 

sequence comparison of the region containing the replication gene trfA. and the Tra2 genes, 

lrbA and lrbB. 

A 7.3 kb EcoRI to Pst1 fragment from R751 (coordinates 14.9kb - 22.2kb) was cloned 

into pBR322 and sequenced. This fragment covers the flfA gene and part of the Tra2 region. 

The sequence showed that S-TrfA is very highly conserved between the two plasmids on DNA 

as well as on protein level. However, the region of a proposed DNA binding domain (helix

turn-helix) (Smith and Thomas, 1984) 130 amino acids from the C-terminus, seemed less 

conserved than adjacent regions. But a closer analysis revealed that the amino acids were 

semi-conserved in that they all retained charge, polarity, and size, probably creating a similar 

domain. Sequence further upstream of S-TrfA showed that although the R751 lrfA gene 

encoded both a large and a small product the extra N-terminus of L-TrfA is very poorly 

conserved. As mentioned earlier L-TrfA is essential for effecient RK2 replication in 

P.aeruginosa. The lack of a conserved R751 L-TrfA was therefore surprising, as the N

terminus part may be importan! in determining the host range of the plasmid. This can be an 
indícation that R751 has a different host range from RK2. This is currently being investigated. 

The SSB region was also highly conserved, but a possible role for SSB has yet to be 

demonstrated. 
There are two operator sites in the RK2 lrfA promoter, one for KorA and one for KorB . 

The KorA operator (11bp palindrome) overlaps the -10 promoter sequence and the KorB 

operator (13bp palindrome) is located just upstream of the -35 sequence (Theophilus, el a/., 

1985). The sequence and location of these two operator palindromes for KorA and KorB are 

conserved on R751 suggesting a similar pattern of regulation of this importan! operan. This 

has been verified by promoter fusion assays, testing the regulation of the R751 lrfA promoter 

by KorA and KorB. 
lrbA is part of the Tra2 region and encodes TrbA, of 120aa. The RK2 lrbA promoter is 

organized as a tace to face divergent promoter with the lrfA promoter (Shingler and Thomas, 

1984a, Jagura-Burdzy et al. 1992). Regulation of the trfA and lrbA genes is simultaneous. 

KorA represses transcription of lrfA and activates the transcription of lrbA. KorB represses lrfA 

and trbA transcription (Jagura-Burdzy el al., 1992). Sequence analysis of R751 lrbA shows an 

identical organization of the genes and the DNA and protein sequence is also highly 

conserved. The 3' end of the RK2 trbA mRNA has the potential to form a large stem-loop 

structure (Motallebi-Vershareh, 1992). However, this region is not very well conserved on DNA 

leve! of R751 lrbA, so the exact role of this secondary mRNA structure has not yet been 

elucidated. 
Downstream of RK2 lrbA is trbB, encodir¡g TrbB, of 320aa, and in the intergenic region 

~etween trbA and lrbB is a KorB operator, responsible for repressing lrbB transcription (Smnn 

and Thomas, 1983, Shingler and Thomas, 1984a, Bechhofer al al., 1986). This is also 

conserved on R751 indicating a similar pattem of regulation, but how KorB regulates 

transcription 120bp upstream of the trbB promoter remains to be established. Activation of 

lrbA by KorA may somehow repress trbB expression. The R751 sequence revealed a new 

palindrome situated between the -35 and -10 sequences of the R751 trbB promoter indicating 

a possible involvement in regulation of trbB expression unique to R751, which needs to be 
identified. Sequence identity on DNA level is very low (40%) in the region between trbA and 

lrbB, apart from the KorB operator and the -1 O and -35 regions of the lrbB promoter, 

suggesting that the spacing is somehow importan! for regulation. 
Aligning the proteins sequences from RK2 and R751 with minimal number of gaps gave 

the following similarity/identity: S-TrfA 88%179%, L-TrfA (N-terminal only) 49%135%, SSB 
82%172%, TrbA 86%176% and TrbB 88o/ol82%. The sequence of the lrfA gene and part of the 

Tra2 region revealed that apart from promoter and operator sites, the intergenic regions are 

less conserved !han translated DNA regions. 
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SELECTION OF MUTANTS WHICH IMPROVE PLASMID R1 REPLICATION 

PROMOTED BY THE DEREPRESSION OF THE PARO STABILITV SVSTEM 

Maria Angeles de la Torre Ruiz, María Jesús Ruiz Echevarría and Ramón 
Díaz Orejas. 
Centro de Investigaciones Biológicas (C.S.I.C.). Velázquez 144, 
28006-Madrid, Spain . 

parD is an killer stability system of the antibiotic resistance factor R1 
that is organizad as an operen of two genes denominated kis and kid (1,2). 
These two genes cede for two proteins of 9.3 and 12 kDa respectively. The 
Kid protein is a citytoxin and the Kis protein is an antagonist of Kis (3). 
The system is autoregulated by the coordinate action of the Kis and Kid 
proteins (2) but it can be derepressed by a mutation in the repA gene that 
reduces the efficiency of plasmid replication. Derepression of the 
wild-type parD system by the mutation in repA stabilizes efficiently the 
plasmid and is associated with counterselection of plasmid-free 
segregants and also with a delay in the growth of plasmid containing cells. 
Deletion of copB gene in the plasmid carrying the repA mutation 
increases copy number, results in transcriptional repression of the pa rD 

system and prevents the interference with cell growth observad in the 
derepressed situation (Ruiz-Echevarría et al, submitted). 
We now report that expontaneous mutations that restare the growth rate 
of cells containing the parO-derepressed repA-mutant, contain mutations 
that improve the efficiency of plasmid replication replication. Two type 
of genetic changas are found in each mutant: ene of them is either a point 
mutation, an insertion or a deletion that inactivates kid, the killer 
component of parO, and the other is a true reversion of the original amber 
mutation in repA. These results underline complex relations between parD 

expression and plasmid replication and indicate that the parO system can 
also lead, in plasmid replication mutants, to the selection of mutations 
that improve the efficiency o! -¡;¡lasmid replicatior.. 

(1) Bravo,A., de Torrontegui,G., and Díaz,R. ldentification of components of a new stability 
system, parD, of p1asrnid R1 that is close to its origin of rep1ication. Mol. Gen. Genetics 210, 
101-110 (1987) 
(2). Ruiz-Echevarría, M.J., Berzal-Herranz,A., Gerdes,K. and Díaz-Orejas,R. The kis and kid 
genes of parD maintenance system of plasrnid R 1 form an operon that is autoregulated at the leve! 
of transcription by the coordinate action of the Kis and Kid proteins. Mol. Microbio!. 5, 
2685-2693 (1991) 
(3) Bravo,A., Ortega,S., de Torrontegui,G., and Díaz,R. Killing of Escherichia coli cells 
modu1ated by components of the stability system parD of plasrnid Rl. Mol. Gen. Genetics 215, 
146-151 (1988) 

This work was founded by Grants BI091-1055 and BI088-249 of the Spanish "Comisión 
lnterrninisterial de Ciencia y Technología". 
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Summarv 

The purpose of this meeting was to bring together molecular biologists and microbial ecologists to 

discuss plasmid-mediated gene spread. We felt that it was importan! for molecular biologists to think about 

the relevance of their studies to importan! ecological questions while for the ecologists it was importan! to 

learn about the details of the plasmids they are working with to provide a more rational basis for their 

investigations. This summary is to highlight sorne of the topics discussed, to make connections to related 

work which perhaps was not described at the meeting, and to pull out sorne general conclusions and ideas 

for the future. lnevitably this account will be biased towards the perspective of a molecular biologist but 1 

hope that it is seen as val id and useful for both groups. The topics will be dealt with as a series of 

questions. 

What determines the host range of a plasmjd? 

Although a plasmid does not have to possess a bread host range of replication to be able to 

promete gene spread, a promiscuous replicon will increase the frequency with which a trait can establish 

itself in recipient bacteria once transfer has occurred. The factors which distinguish narrow and bread host 

range replicons are slowly starting to emerge. Studies on prophage P1 (Chattoraj) and bread host range 

lncP plasmid RK2 (Helinski) which were described, illustrated how replication origins which are activated 

by binding of a Rep protein to repeated sequences (iterons) in the origin are dependen! on efficient 

interaction which host intracellular environment including host-encoded replication proteins such as DnaA, 

so that factors determining this interaction may be critica! in determining which host a plasmid can replicate 

in. The C-terminus of the replication initiator protein TriA is highly conserved among members of the lncP 

family (Thorsted) and sorne alterations of these amino acids destroy TriA activity while not affecting DNA 

binding (Helinski), suggesting that they are needed for other functions such as interaction with host proteins. 

Sorne mutational alterations destroy activity in a species-dependent way, thus reducing the host range of 

the plasmid. Thus the borderline between narrow or bread host range may be very fine. This was 

illustrated al so by studies on pPS 1 O from Pseudomonas savastanoi whose inability to replicate in E. coli can 

be overcome by reducing the temperature to 2soc or by a point mutation in the pPS 1 O Rep protein 

(Femandez-Tresguerres). This observation fits with the point emphasised by John Fry, that plasmids in 

bacteria which survive in soil or water are adapted to much lower temperatures than 30°C or 37°C and that 

molecular studies should be designed to reveal their natural properties rather than ones in unnatural 

laboratory conditions. Host range needs to be applied lo a specific set of conditions which are relevan! to 

the issue in question. 

Two other types of replicon were described: the rolling circle replication pMV158 family which can 

replicate in both Gram positive and Gram negative bacteria! species (Espinosa); and the theta replication 

family of pSM19035 which has a bread host range within Gram-positive (Alonso). Studies with the pMV158 
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derivativa pLS 1 are uncovering the way that plasmid gene expression signals respond to stationery phase 

(Espinosa Jnr). This may provide a first step in opening up the area of plasmid survivaJ in nongrowing 

bacteria! populations. 

Are the plasmjds studjed so far tvojcal of !hose oresent jn natural enyjronments? 

A major aim of ecological studies on bacteria! plasmids is to classify the plasmids in natural 

environments in order to understand their likely properties and to determine the structure of those 

populations. For example, it is importan! to establish whether particular traits have spread clonally on a 

single plasmid or have moved from one replican to another by transposition or sorne other recombination 

event In the context of the meeting it was also importan! to determine whether the systems which have 

been analysed at the molecular leve! are representativa of the plasmids present in soil or water. Efficient 

means of identifying plasmids are needed. Conjugative or mobilizable plasmids can be isolated by adding a 

selectable recipient strain and lookiog for plasmids which can carry a phenotype such as mercury resistance 

into this strain (Fry). Alternatively, plasmids can be identified by their ability to mobilize lncQ plasmids 

between strains (Wilmotte). However, these plasmids still need to be classified along with the other 

indigenous plasmids for which selectable markers have not been identified. Ooe way is to use hybridization 

or PCR probes for well characterized plasmid groups. For the lncP plasmids a need for replication origin 

probes for both lncPa and 13 subgroups was recognised while PCR probes for coding regions of essential 

problems were described by Van Elsas and Thomas. The latter were based on a/13 sequence comparisons 

of highly conservad regions in both the triA and korA genes. Another way is to isolate replicons from 

indigenous plasmids and to use these as probes for grouping the rest of the plasmids. 

01 the plasmids so far described from the ecological studies the lncP plasmids have receivetl most 

attention and have been found in many species. They have been found during analysis of bacteria isolated 

from many depths of lake sediments (Pickup), from river epilithon (Fry) and soil (Wilmotte) although sorne of 

the soil isolates have a narrower host range which could be dueto genetic isolation and mutational drift, 

which is consisten! with poiot mutations being able to reduce host range without inactivating the replication 

system. The well studied lncP plasmids are typical of many new isolates in having a broad host range: 

many plasmids from epilithon bacteria have an even broader host range than well studied lncP plasmids. 

lncPI3 probes suggest that these may be related to the R751 and others of this group to varyiog extents. 

The well established relationship of lncP plasmids to other plasmids from soil bacteria such as 

Agrobacterium tumefaciens and A. rhizogenes which has been demonstrated by sequence studies (de la 

Cruz, Lanka) was extended to Rhizobium leguminosarium in which the first new plasmid replican to be 

isolated has sequence similar to Ti and Ri plasmids (Tumer) as well as to lncP plasmids in the inC korB 

genes. 

What js regujred for full plasmjd stabjlitv? 

Considerable effort has been devoted to analysing those additional functions which reduce the 

probability of plasmid-free segregan! bacteria from arising within populations of plasmid positive bacteria 

The mathematical analysis of this plasmid instability was discussed (Nordstrom) in order to appreciate how 

variations in plasmid copy number per cell, multimerization and the differences in growth rate of plasmid Instituto Juan March (Madrid)
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positiva and negativa can influence the apparent rate of plasmid loss. Mechanisms which ensure at least 

random segregation by resolution of mulitmers were discussed briefly but much more attention was devoted 

to various mechanisms for killing plasmid-free segregant bacteria by activating lethal gene products through 

degradation of an antidote protein (ccd- Couturier) or antisense repressor RNA (sok- Gerdes). Of 

particular interest were the parO/E genes of RK2 (Helinski) and parO system of R 1 (Diaz-Orejas) which 

appear to be cryptic, that is, not normally functional. Changes in copy number however can activate these 

systems raising the possibility that sorne growth conditions or physiological states may unmask these genes 

and rendar them advantageous. True partitioning systems which are thought to provide a meiotic 

apparatus still are poorly understood despite recent progress (Jensen) and the possibility of building a 

bridge to physiological conditions and externa! factors is still distant 

What jnfluences plasmjd transfer treguency? 

Molecular studies on conjugative transfer of lncP plasmids have defined the genes required for both 

mating pair formation and initiation of rolling circle replication during transfer (Lanka). The gene sequences 

reveal similarities to the transfer apparatuses of many other conjugative plasmids like the lncW group (de la 

Cruz) as well as having many similarities to the virsystem of Ti plasmids. Although this biochemical 

understanding thus has wide applicability there still seem to be few clues about the factors which trigger 

lncP or lncW transfer. The discovery of control circuits which limit lncP transfer gene expression (Thomas) 

and which may provide a switch between genes for vegetativa replication and conjugative transfer 

(Jagura-Burdzy) hint at control of transfer in response to copy number, physiology or growth phase although 

these could simply be a means of ensuring efficient production of the transfer apparatus without over 

burdening the host with excess gene expression. A major area for the future is therefore to discover what 

controls transfer and why is there such a complex control of transfer gene expression. 

The lncP plasmids, which exhibit transfer proficiency for all plasmid-positive bacteria differ from 

F-like plasmids which appear normally to shut off transfer gene expression so that conjugation only occurs 

alter a random depression event followed by spread through the population of potential recipients. P-like 

and F-like plasmids differ also in pilus type. While the long flexible pili of F-like plasmids appear to promete 

transfer in the gut, only plasmids with shor., rigid pili (P-Iike) seem to do well in soil when direct comparisons 

have been carried out (Smalla). The role of pili is still not understood fully and indeed bacteria-plan! mating 

does not appear to need a visible pilus to initiate the mating bridge forrnation, even though the apparatus is 

clearly related to that which promotes interbacterial mating. 

Successful mating pair formation is not necessarily sufficient for DNA transfer and establishment in 

a recipient cell. For bacterium-plant cell mating many stages can be limiting: from recognition of the signa! 

emitted by plant wound tissue which switches on virgene expression right through to integration of the 

transferred DNA once it has entered the recipient's nucleus (Hohn). For interbacterial matings restriction 

imposes a major barrier which can be overcome in a number of ways: saturation of the restriction system by 

multiple rounds of transfer and delivery of an antirestrictive gene whose product blocks the action of type 1 

restriction endonucleases (Wilkins). Mutational elimination of target sites can also allow evasion of 

restriction barriers and analysis of lncP tra gene sequences suggests that its deficiency in certain restriction 
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sites is consistent with a history of repeated transfer between the restriction enzyme-rich strains of 

Pseudomonas aeruginosa. 

How do we study bacteria jn "natural enyjronmeots"? 

A major question which needs to be faced is how do we design and conduct experiments which will 

te!! us about bacteria! behaviour outside the laboratory. We first need to understand bacteria! distribution 

and behaviour in natural environments. rANA probes !abelled with fluorescent or !ight emitting tags 

(We!!ington, Mo!in, Palomares) allow differentiation between different species, and the intensity of 

fluorescent signa! can give an estimate of growth rate. In the mouse gut E. coli appears to grow ata rate 

which is too high to maintain a steady state (Molin). How this paradox can be resolved is not clear. In soil 

bacteria are not spread evenly but become concentrated in small microcolonies which give locally high 

bacteria! concentration (Wellington), thus increasing the frequency of genetic exchange above the leve! 

expected for an even distribution of similar bacteria! counts through a unit volume. Real environments are 

not uniform in space or time. In soil the rich exudates produced by plant roots stimu!ate genetic exchange 

between bacteria, as do pulses of nutrients (Van Elsas), so that exchange in bacteria! populations close to 

sources of these materials are favoured. Mixed populations al so influence behaviour: well studied lncP 

plasmids appear to have a reduced abi!ity to mate with recipients in a complex mixed population derivad 

from epi!ithon comparad to newly iso!ated promiscuous plasmids from epi!ithon bacteria (Fry). A good way 

of studying bacteria! behaviour during growth on sur1aces and in biofilms has yet to be developed. 

Experiments can be per1ormed on sur1aces such as stone, glass or metal but analysing which !ayer is 

behaving in what way is more difficult. Analysing the response of gene expression during growth on 

surfaces remains to be determined. 

How do plasmjds jnf!uence bacterja! behavjour? 

Despite the assertion that the presence of plasmids does not significantly influence bacteria! 

behaviour (Molin) there seem to be a number of ways in which plasmids affect evo!ution of bacteria! 

populations. First, plasmids can alter their host, not only by constituting a slight additional metabolic 

burden but by pleiotropic effects on the ce!! sur1ace affecting such factors as phage sensitivity and virulence. 

The presence of lncP plasmids appears to reduce P. aeruginosa virulence in a mouse model system, 

providing a possib!y explanation for why in the absence of antibiotic selection, bacteria carrying RP4 can be 

displaced by plasmid negativa bacteria, as for example in the Burns Unit of the Hospital where they were 

first isolated (Thomas). Second, they can carry selectively advantageous genes such as antibiotic or heavy 

metal resistance in a multicopy situation. This not only alters phenotype by increasing resistance gene 

dosage which normally results in increased resistance, but also effectively produces gene dup!ication which 

increases the potential for mutational change without destruction of the primary advantageous phenotype. 

Those changas which give a marginal advantage will be se!ected under appropriate conditions and will allow 

the accumulation of point mutations which in combination produce a major changa in resistance phenotype. 

Changas in resistance leve! are like!y to occur through a series of very small steps rather than major jumps 

(Baquero) and the selectiva advantage of each step can be dissected by site directed mutagenesis. 

P!asmids may also promote the combination of single changas at higher rate than double mutation but this 

has not been investigated. Sorne plasmids actually encode UV-repair, recombination and integrate type Instituto Juan March (Madrid)
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functions whose expression appears to be coordinated with their replication. lt was suggested that these 

may serve to repair and promote new combinations of plasmid-encoded genes (Battaglia). In addition we 

need to consider transposition as a major form of evolution - not only the movement of DNA from one 

location to another but also the way that transposons can be generated from combinations of transposition 

functions, phenotypic markers and regulatory elements. The potential for resistance mechanisms to 

develop to almost any antibiotic was illustrated with respect to vancomycin resistance in Enterococcus 

(Courvalin). 

Can we jnf!uence plasmjd syryjyal jn natyral oopylatjons? 

Given the worries about spread of recombinant plasmids it is importan! to consider ways of 

minimizing spread of such plasmids or the hosts that carry them. One well established principie is to 

engineer a lethal function into the organism so that it will die when its job is done - for example in the 

degradation of an environmental pollutant, or in the case of a plasmid its transfer to a host can be inhibited 

by it carrying a gene which is lethal if not suppressed by a repressor encoded in the initial host bacterium. 

This principie was illustrated by the use of Colici E1 gene and the immunity gene which regulates it (Diaz). 

Since many of the applications of bacteria released into the environment will be to degrade xenobiotics such 

as phenol, toluene and chlorinated benzene derivativas the way that bacteria sense these compounds and 

regulate gene expression in response to them is importan!. One feature which needs to be accommodated 

is the cross talk between different regulatory systems (de Lorenzo) since this can result in elevated levels of 

expression when the upstream activator regions are manipulated. This appears to be due to the increased 

activation by regulatory proteins bound at distan! locations which can actívate the Ea54 RNA polymerase 

Conclysjons 

The meeting played an importan! part in focusing attention on the issues where the interests of 

ecologists and molecular biologists meet. For the ecologists many issues carne down to the best way of 

gaining know1edge of and access to the tools developed by the molecular biologists. For the molecular 

biologist the key questions appear to be how representativa the systems they study are to plasmids in the 

environment and whether the bacteria! hosts they use and the experimental conditions employed are likely 

lo give a true picture of plasmid behaviour in natural environments. 

Overall these three days were successful in stimulating interactions between the two groups and 

laying the foundations for future meetings. 
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Fax : 42 2 471 57 43 

G. Jagura-Burdzy The University of Birmingham, Schoo1 of Biological Sciences, 
Edgbaston, Birmingham B15 2TT (U.K.). 
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M. Llosa Departamento de Biología Molecular, Facultad de Medicina, 
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Texts published in the 
SERIE UNIVERSITARIA 
by the 
FUNDACIÓN JUAN MARCH 
concerning workshops and courses organized within the 
Plan for International Meetings on Biology (1989-1991) 

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

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

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

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

251 Lecture Course on Approaches to Plant 
Development. 
Organized by P. Puigdoménech and 
T. Nelson. Lectures by l. Sussex, R. S. · 
Poethig, M. Delseny, M. Freeling, S. C. de 
Vries, J. H: Rothman, J. Modolell, F. Sala
mini, M. A. Estelle, J. M. Martinez Zapater, 
A. Spena, P. J. J. Hooykaas, T. Nelson, 
P. Puigdoménech and M. Pagés. 

252 Curso Experimental de Electroforesis 
Bidimensional de Alta Resolución. 
Organizado por Juan F. Santarén. 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. 
Organized by F. Garcia-Arenal and P. Pa
lukaitis. Lectures by D. Baulcome, R. N. 
Beachy, G. Boccardo, J. Bol, G. Bruening, 
J. Burgyan, J. R. Diaz Ruiz, W. G. Dou
gherty, F. Garcia-Arenal, W. L. Gerlach, 
A. L. Haenni, E. M. J. Jaspars, D. L. Nuss, 
P. Palukaitis, Y. Watanabe and M. Zaitlin . 

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

255 Workshop on The Reference Points in 
Evolution. 
Organized by P. Alberch and G. A. Dover. 
Lectures by P. Alberch, P. Bateson, R. J. 
Britten, B. C. Clarke, S. Conway Morris, 
G. A. Dover, G. M. Edelman, R. Flavell , 
A. Fontdevila, A. Garcia-Bellido, G. L. G. 
Miklos, C. Milstein, A. Moya, G. B. 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. 
Organized by F. Azorin, M. Beato and 
A. A. Travers. Lectures by F. Azorin, M. 
Beato, H. Cedar, R. Chalkley, M. E. A. 
Churchill , D. Clark, C. Crane-Robinson, 
J. A. Dabán, S. C. R. Elgin, M. Grunstein, 
G. L. Hager, W. Horz, T. Koller, U. K. 
Laemmli, E. Di Mauro, D. Rhodes, T. J. 
Richmond, A. Ruiz-Carrillo, R. T. Simpson, 
A. E. Sippel, J. M. Sogo, F. Thoma, A. A. 
Travers, J. Workman, O. Wrange and 
C. Wu. 
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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. 
Martinez-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 Ltteture Course Molecular Biology of 
the Rhizobium-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 
Chaln 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. Chevallier, 
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. Scheffers 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. Larner, M. G. Low, M. Mar
tín Lomas, J . M. Mato, E. Rodríguez
Boulan, G. Romero, G. Rougon, A. R. 
Saltiel , P. Str{dfors 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. Lauchli, U. Lüttge, E. Padan, M. Pages, 
U. Pick, J. A. Pintor-Toro, R. S. Quatrano, 
L. Reinhold, A. Rodríguez-Navarro, R. 
Serrano and R. G. Wyn Jones. 

269 Workshop on Neural Control of Move
ment in Vertebrates. 

Texts published by the 

Organized by R. .Baker and J. M. Delgado
García. 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-García, 
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. 
G::llar, 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. Azorín, 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
menech, H. Saedler, V. Szabo andA. Viotti. 

5 Workshop on Structure of the Major His
tocompatibility complex. 
Organized by A. Arnaiz-Villena and P. Par
ham. Lectures by A. Arnaiz-Villena, R. E. 
Bontrop, F. M. Brodsky, R. D. Campbell , 
E. J. Collins, P. Cresswell , M. Edidin, H. 
Erlich, L. Flaherty, F. Garrido, R. Germain, 
T. H. Hansen, G. J. Hammerling, J. Klein , 
J. A. 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. 
1. 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. 

7 Workshop on Transcription lnitiation in 
Prokaryotes. 
Organized by M. Salas and L. B. Rothman
Denes. Lectures by S. Adhya, H. Bujard, 
S. Busby, M. J. Chamberlin, R. H. Ebright, 
M. Espinosa, E. P. Geiduschek, R. L. Gour
se, C. A. Gross, S. Kustu, J. Roberts, L. B. 
Rothman-Denes, M. Salas, R. Schleif, P. 
Stragier and W. C. Suh. 
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8 Workshop on the Diversity of the lmmu
noglobulin Superfamily. 
Organized by A. N. Barclay and J. Vives. 
Lectures by A. N. Barclay, H. G. Boman, l. 
D. Campbell, C. Chothia, F. Díaz de Espada, 
l. Faye, L. García Alonso, P. R. Kolatkar, 
B. Malissen, C. Milstein, R. Paolini, P. Par
ham, R. J. Poljak, J. V. Ravetch , J. Salzer, 
N. E. Simister, J. Trinick, J. Vives, B. Wes
termark and W. Zimmermann. 

9 Workshop on Control of Gene Expressíon 
ín Yeast. 
Organized by C. Gancedo and J. M. Gan
cedo. Lectures by T. G. Cooper, T. F. Do
nahue, K-:-D. Entian, J. M. Gancedo, C. P. 
Hollenberg, S. Holmberg, W. Hórz, M. 
Johnston, J. Melfor, F. Messenguy, F. Mo
reno, B. Piña, A. Sentenac, K. Struhl , G. 
Thireos and R. S. Zitomer. 

1 O Workshop on Engineering Plants 
Against Pests and Pathogens. 
Organized by G. Bruening, F. García-01-
medo and F. Ponz. Lectures by R. N. Bea
chy, J. F. Bol, T. Boller, G. Bruening, P. 
Carbonero, J. Dangl, R. de Feyter, F. Gar
cía-Oimedo, L Herrera-Estrella, V. A. Hil
der, J. M. Jaynes, F. Meins, F. Ponz, J. 
Ryals, J. Schell, J. van Rie, P. Zabel and 
M. Zaitlin . 

11 Lecture Course on Conservation and 
Use of Genetic Resources. 
Organized by N. Jouve and M. Pérez de la 
Vega. Lectures by R. P. Adams, R. W. Allard , 
T. Benítez, J. l. Cubero, J. T. Esquinas
Alcázar, G. Fedak, B. V. Ford-Lioyd , C. Gó
mez-Campo, V. H. Heywood, T. Hodgkin, 
L. Navarro, F. Qrozco, M. Pérez de la Vega, 
C. O. Qualset, J. W. Snape and D. Zohary. 

12 Workshop on Reverse Genetics of Ne
gativa Stranded ANA Viruses. 
Organized by G. W. Wertz and J. A. Melero. 
Lectures by G. M. Air, L A. Ball, G. G. 
Brownlee, R. Cattaneo, P. Collins, R. W. 
Compans, R. M. Elliott, H.-D. Klenk, D. Ko
lakofsky, J. A. Melero, J. Ortín, P. Palese, 
R. F. Pettersson, A. Portela, C. R. Pringle, 
J. K. Rose and G. W. Wertz. 

13 Workshop on Approaches to Plant Hor
mone Action. 
Organized by J. Carbonell and R. L Jones. 
Lectures by J. P. Beltrán, A. B. Bleecker, 
J. Carbonell, R. Fischer, D. Grierson, T. 
Guilfoyle, A. Jones, R. L Jones, M. Koorn-

neef, J. Mundy, M. Pagés, R. S. Quatrano, 
J. l. Schroeder, A. Spena, D. Van Der 
Straeten and M. A. Venís. 

14 Workshop on Frontiers of Alzheimer Di
sease. 
Organized by B. Frangione and J. Avila. 
Lectures by J. Avila, K. Beyreuther, D. D. 
Cunningham, A. Delacourte, B. Frangione, 
C. Gajdusek, M. Goedert, Y. lhara, K. lqbal, 
K. S. Kosik, C. Milstein, D. L. Price, A. 
Probst, N. K. Robakis, A. D. Roses, S. S. 
Sisodia, C. J. Smith , W. G. Turnell and H. 
M. Wisniewski. 

15 Workshop on Signal Transduction by 
Growth Factor Receptors with Tyrosine 
Kinase Activity. 
Organízed by J. M. Mato and A. Ullrich. 
Lectures by· M. Barbacid, A. Bernstein, J. B. 
Bolen, J. Cooper, J. E. Dixon, H. U. Haring, 
C.- H. Heldin, H. R. Horvitz, T. Hunter, J. 
Martín-Pérez, D. Martín-Zanca, J. M. Mato, 
T. Pawson, A. Rodríguez-Tébar, J. Schles
singer, S. l. Taylor, A. Ullrich, M. D. Water
field and M. F. White. 

16 Workshop on lntra- and Extra-Cellular 
Signalling in Hematopoiesis. 
Organized by E. Donnall Thomas and A. 
Grañena. Lectures by M. A. Brach, D. Can
trell , L Coulombel, E. Donnall Thomas, M. 
Hernández-Bronchud, T. Hirano, L. H. 
Hoefsloot, N. N. lscove, P. M. Lansdorp, 
J. J. Nemunaitis, N. A. Nicola, R. J. O'Rei
lly, D. Orlic, L S. Park, R. M. Perlmutter, P. 
J. Quesenberry, R. D. Schreiber, J. W. Sin
ger and B. Torok-Storb. 

17 Workshop on Cell Recognition During 
Neuronal Development. 
Organized by C. S. Goodman and F. Jimé
nez. Lectures by J. Bolz, P. Bovolenta, H. 
Fujisawa, C. S. Goodman, M. E. Hatten, E. 
Hedgecock, F. Jiménez, H. Keshishian, J. 
Y. Kuwada, L Landmesser, D. D. M. O'Lea
ry, D. Pulido, J. Raper, L F. Reichardt, M. 
Schachner, M. E. Schwab, C. J. Shatz, M. 
Tessier-Lavigne, F. S. Walsh and J. Walter. 

18 Workshop on Molecular Mechanisms of 
Macrophage Activation. 
Organized by C. Nathan and A. Celada. 
Lectures by D. O. Adams, M. Aguet, C. 
Bogdan, A. Celada, J. R. David, A. Ding, 
R. M. Fauve, D. Gemsa, S. Gordon, J. A. 
M. Langermans, B. Mach, R. Maki, J. Mauel, 
C. Nathan, M. Rollinghoff, F. Sánchez-Ma
drid, C. Schindler, A. Sher and Q.-w. Xie. 
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19 Workshop on Viral Evasion of Host De

tense Mechanisms. 

Organized by M. B. Mathews and M. Este· 
ban. Lectures by E. Domingo, L. Enjuanes, 
M. Esteban, B. N. Relds, B. Fleckenstein, L. 
Gooding, M. S. Horwitz, A. G. Hovanes-sian, 
M . G. Katze , l. M . Kerr , E. Kieff, M. B . 
Mathews, G. McFadden, B. Moss, J . Pavlo

vic. P. M. Pitha, J . F. Rodríguez, R. P. Ric
ciardi, R. H. Silverman, J . J . Skehel, G. L. 
Smith , P. Staeheli , A. J. van der Eb, S. Wain
Hobson, B. R. G. Williams and W. Wold. 

20 Workshop on Genomic Fingerprinting. 

Organized by McCielland and X. Estivill. 
Lectures by G . Baranton, D. E. Berg , X. 
Estivill, J . L. Guénet, K. Hayashi, H. S. Kwan, 
P. Liang, M. McCielland, J . H. Nadeau, D. L. 
Nelson, M . Perucho , W . Powell , J . A. 
Rafalski , O. A. Ryder, R. Sederoff, A. J. G. 
Simpson, J . Welsh and H. Zischler. 

21 Workshop on DNA-Drug lnteractions. 

Organized by K. R. Fox and J . Portugal. 
Lectures by J. B. Chaires , W. A. Denny, R. 
E. Dickerson , K . R. Fox , F. Gago , T. 
Garestier, l. H. Goldberg, T. R. Krugh, J . 
W . Lown , L. A. Marky , S . Neidle , D. J . 
Patel , J . Portugal , A . Rich , L . P . G. 
Wakelin, M. J . Waring and C. Zimmer. 

22 Workshop on Molecular Bases of Ion 

Channel Function. 

Organized by R. W. Aldrich and J . López
Barneo. Lectures by R. W. Aldrich , C. M. 
Armstrong , P. Ascher , K . G . Beam , F . 
Bezanilla, S. C. Cannon, A. Castellano, D. 
Clapham, A. Ferrús, T . Hoshi , A. Konnerth, 
R. Latorre, J. Lerma, J. López-Barneo, R. 
MacKinnon, G. Mande!, A. Marty, C. Miller, 
B. Sakmann, B. Seria, W. Stühmer and W. 

N. Zagotta. 
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