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GENERAL INFORMATION 
 
Accommodations 
All participants will be staying in the Santorini Image Hotel (A' class), which 
is located in Messaria, a short distance from Fira and 3 km from the airport.  
 
Workshop venue 
The Nomikos Conference Center is located in Fira, the capital of Santorini, 
overlooking the Caldera and the Santorini volcano.  
 
Oral Presentations 
Since the goal is to stimulate thinking and discussion instead of presenting 
reams of results, the seminars will all be 25 minute "chalk-talks" - no slides or 
overheads allowed. If you want to show results that are not "chalk-talk" 
friendly, you can present those results as a supplemental poster. We will allow 
time for questions after each talk and there will be plenty of time for further 
discussion during breaks and social hours each evening. 
 
Posters 
Posters should be mounted on Wednesday morning on the designated boards 
and dismounted at the end of the meeting. The dimensions of the boards are 
70x120 cm. Adhesive tape for mounting the posters on the boards will be 
available at the poster area. 
 
Welcome Reception and Banquet 
Badges are required for admission. 
 
City Tour 
Buses for the city tour will be leaving from the Nomikos Center on Saturday, 
October 4 at 2:45 p.m. The accompanying persons may be picked up at the 
Nomikos Center or otherwise at the Santorini Image Hotel. Badges are 
required for participation. 
 
Tour and Travel Information 
A desk manned by the personnel of our official Travel Agency, "ERA Ltd", 8 
Alexandrou Soutsou Str., Kolonaki 10671 Athens - Greece Tel.: 30-1-363-
4944, FAX: 30-1-3631690, E-Mail: info@era.gr will be located at the 
Nomikos Center and Santorini Image Hotel throughout the meeting. 
 
Lunches 
Lunches will be served at the indicated times to all registered participants in 
the Nomikos Center. Badges are required for admission. Lunch tickets for the 
accompanying persons will be available for purchase at the registration desk. 
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PROGRAM OUTLINE 

 
Tuesday, October 1 

 
Registration 5:00 PM –  

8:00 PM 
“Santorini Image 
Hotel” 

   
Welcome Reception / Dinner 8:00 PM “Santorini Image 

Hotel” 
 

Wednesday, October 2 
 

Breakfast 7:30 AM “Santorini Image 
Hotel” 

The bus will depart from the “Santorini Image Hotel” at 8:30 AM 
 

Registration 9:00 AM – 
2:00 PM 

Nomikos Center 

   
Organizers: Welcome and 
Opening Remarks 

8:55 AM Nomikos Center 

   
Session I: Recombination and 
chromosomes I 

9:00 AM Nomikos Center 

   
Coffee break 11:15 AM Nomikos Center 
   
Session II: Chromosomes II. 11:45 AM Nomikos Center 
   
Lunch 2:15 PM Nomikos Center 
   
Dinner 8:00 PM  “Pyrgos”, Pyrgos 

The bus will depart from the “Santorini Image Hotel” at 7:30 PM 
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Thursday, October 3 

 
Breakfast 7:30 AM “Santorini Image 

Hotel” 
The bus will depart from the “Santorini Image Hotel” at 8:30 AM 

   
Session III: Cell cycle/cell 
division  

9:00 AM Nomikos Center 

   
Coffee break  10:40 AM Nomikos Center 
   
Session IV: Phages and other 
mobile elements 

11:10 AM Nomikos Center 

   
Lunch 2:05 PM Nomikos Center 
   
Poster Session 3:00 PM –  

5:00 PM 
Nomikos Center 

   
Dinner 8:00 PM  “Selene”, Fira 

The bus will depart from the “Santorini Image Hotel” at 7:30 PM 
   

Friday, October 4 
 

Breakfast 7:30 AM “Santorini Image 
Hotel” 

The bus will depart from the “Santorini Image Hotel” at 8:30 AM 
   
Session V: Gene expression I 9:00 AM Nomikos Center 
   
Coffee break 11:05 AM Nomikos Center 
   
Session VI: Genetic tools 11:35 AM Nomikos Center 
   
Lunch 1:40 PM Nomikos Center 
   
Island Tour 2:45 PM   
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Saturday, October 5 

 
Breakfast 7:30 AM “Santorini Image 

Hotel” 
The bus will depart from the “Santorini Image Hotel” at 8:30 AM 

   
Session VII: Gene expression II 
/ Translation control  

9:00 AM Nomikos Center 

   
Coffee break 11:30 AM Nomikos Center 
   
Session VIII: Pathogenesis and 
anti-pathogenesis 

12:00 Noon Nomikos Center 

   
Lunch 2:05 PM Nomikos Center 
   
Gala Dinner 8:00 PM  Nomikos Center 

The bus will depart from the “Santorini Image Hotel” at 7:30 PM 
   

Sunday, October 6 
   
Breakfast 7:30 AM “Santorini Image 

Hotel” 
   
Departure   
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Analytical Genetics Workshop 
 The Nomikos Conference Center  

October 1-5, 2002 
 

Tuesday, October 1 
   
5:00–8:00 PM Registration “Santorini Image Hotel” 
   
8:00 PM Welcome 

Reception with 
Dinner 

“Santorini Image Hotel” 

   
Wednesday, October 2 

 
7:30 AM Breakfast “Santorini Image Hotel” 

The bus will depart from the “Santorini Image Hotel” at 8:30 AM 
   
9:00 AM –  
2:00 PM 

Registration Nomikos Center 

   
8:55 AM Welcome and 

Opening 
Remarks 

Nomikos Center 

   
Session I: Recombination and chromosomes I  
Convener: Stanley Maloy 
  
9:00 AM 1 A genetic time machine -- How selection accelerates 

genetic adaptation.  
S. Slechta, E. Kofoid, K. Bunny, K. Savaraman, J. 
Roth 

9:35 AM 2 Gene conversion and concerted evolution in the 
nitrogenase multigene family in Rhizobium. 
D Romero, G. Santoyo, E. Sepúlveda  

10:00 AM 3 Genomic rearrangements in enteric bacteria.  
K. Sanderson. S. Liu 

10:25 AM 4 Biological cost and genome rearrangement in 
Salmonella Enterica.  
T. Norström, J. Björkman, D. I. Anderson, D. 
Hughes.  

10:50 AM 5 What determines the frequency of chromosomal 
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rearrangements at RNN operons? 
R. A. Helm, S. Maloy  

  
11:15 AM Coffee Break 
 
Session II: Chromosomes II  
Convener: Lynn Miesel 
 
11:45 AM 6 Reductive evolution of the Salmonella chromosome or 

how we create a new species, S. Tinygenomus.  
A. Nilsson, E. Kugelberg, A. Syk, D. I. Andersson  

12:10 PM 7 Domains of chromosome supercoiling in E. coli and 
Salmonella.  
N. P. Higgins, D. Manna, S. Deng  

12:35 PM 8 Mechanism of hairpin end generation in linear 
replicons. 
W. M. Huang  

1:00 PM 9 Cellular responses to programmed and accidental 
stops of replication forks in Escherichia coli. 
S. Dasgupta, S. Maisnier-Patin, K. Nordström 

1:25 PM 10 Chromatid breakage and telomere formation in 
ciliated protozoa: correlation between types of 
breakage and telomere-addition patterns in Oxytricha 
fallax and O. trifallax.  
K.R. Williams, T.G. Doak, G. Herrick 

1:50 PM 11 Control of heterochromatization at the mating-type 
locus of fission yeast. 
N. Ayoub, S. Isaac, A. Cohen 

  
2:15 PM Lunch 
  
8:00 PM Dinner 

The bus will depart from the “Santorini Image Hotel” at 7:30 PM 
  

Thursday, October 3 
 

7:30 AM Breakfast “Santorini Image Hotel” 
The bus will depart from the “Santorini Image Hotel” at 8:30 AM 

  
Session III: Cell cycle/cell division –  
Convener: Anca Segall 
 
9:00 AM 12 A replication checkpoint in bacteria? 
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S. T. Lovett, J. Schienda, V. A. Sutera, Jr., J. Foti.  
9:25 AM 13 FtsB (YgbQ), a new cell division protein in 

Escherichia Coli localizes in co-dependent fashion 
with FtsL to the division site.  
D. Boyd, N. Buddelmeijer, J. Beckwith 

9:50 AM 14 Programmed cell death in a bacterial culture as a 
defence mechanism against spreading of phage 
infection. 
H. Engelberg-Kulka, R. Hazan 

10:15 AM 15 The  lethal phenotype lexA null mutations in 
Salmonella LT2 is due to the Fels-2 prophage and 
secondarily to Gifsy-1 and Gifsy-2. 
K. L. Bunny, J. L. and J. R. Roth. 

  
10:40 AM Coffee Break 
  
Session IV: Phages and other mobile elements  
Convener: Kelly Hughes 
 
11:10 AM 16 Bacteriophage genomics and the benefits of ever-

increasing sequence data.  
R. W. Hendrix, G. F. Hatfull, J. G. Lawrence 

11:35 AM 17 A plethora of putative prophages: Prophages in 
bacterial genome sequences and what they mean to 
phage and bacterial evolution. 
S. Casjens  

12:00 Noon 18 Genomic analysis of uncultured marine viral 
communities. 
M. Breitbart, P. Salamon, B. Andresen, J. M. Mahaffy, 
A. M. Segall, D. Mead, F. Azam, F. Rohwer 

12:25 PM 19 Conserved elements in secondary attachment sites 
used by λ and INT mutants with altered insertion 
specificity. 
E. Rutkai, L. Dorgai, R. Sirot, E. Yagil, R. A. 
Weisberg 

12:50 PM 20 Two component viral recombinases: all the world’s a 
phage? 
R.S. Myers 

1:15 PM 21 Role of site-specific recombination in the 
dissemination of antibiotic resistance.  
P.H. Roy, D. Centrón, F. Drouin, A. Larouche, G. 
Léon, N. Messier, C. Quiroga 

1:40 PM 22 Organizion and annotation of prokaryotic mobile 
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genetic elements (MGE’S): a quest for unification. 
A. Toussaint, R. Leplae, S. Wodak  

  
2:05 PM Lunch 
  
3:00 – 5:00 PM Posters 
  

 23 A specific recombination system is involved in 
cointegration of the symbiotic plasmid with the 
conjugative p42a of Rhizobium etli.  
S. Brom, L. Girard, C. Tun-Garrido, A. Garcia-de los 
Santos, P. Bustos, V. Gonzalez, D. Romero.  

 24 Chaperoning systems in nature. 
E. Conway de Macario, A. J. L. Macario  

 25 Fitness costs of plasmids. 
C. Dahlberg, L. Chao 

 26 Fosfomycin resistance in Escherichia coli. 
A. Nilsson,. Andersson   

 27 Adaptative evolution of Salmonella in mice. 
A. Nilsson, E. Kugelberg, D. Andersson  

 28 Fluoroquinolone resistance in Pseudomonas 
Aeruginosa. 
E. Kugelberg and D Andersson  

 29  Cryptic streptomycin resistance in Salmonella 
typhimurium LT2. 
I. Gustafsson, A. Syk, D. I. Andersson 

 30 Co-amplification of dinB and lac allows mutagenesis 
in the Cairns Experiment. 
S. Slechta,  K. L. Bunny, J. R. Roth.  

 31 Less efficient translation initiation balances slow 
termination.  
M. Rydén-Aulin, M. Kaczanowska 

 32 Stable coexistence of separate replicons in 
Escherichia coli is dependent on a regulatory circuit 
that maintains initiation once, and only once, per cell 
cycle. 
K. Skarstad, A. Løbner-Olesen 

 33 DNA ligase: a target for developing new antibacterial 
drugs. 
L. Miesel, C. Kravec, S. Ma, P. McMonagle, R. 
Palermo. 

 34 Probing in vitro chromosome structure of Salmonella 
Typhimurium.  
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T. Garcia-Russell, T. Harmon, N. Amaladas, T. Le, R. 
Mathewson, A. Segall. 

 35 Why the “Tris Buffer” matters?:Spermidine controls 
Holliday junction isomerization in phage lambda site-
specific recombination. 
J. L. Boldt, G. C. Cassell, K. Kepple, A. M. Segall 

  
8:00 PM Dinner 

The bus will depart from the “Santorini Image Hotel” at 7:30 PM 
 

Friday, October 4 
 

7:30 AM Breakfast “Santorini Image Hotel” 
The bus will depart from the “Santorini Image Hotel” at 8:30 AM 

  
Session V: Gene expression I 
Convener: Kelly Hughes 
  
9:00 AM 36 Adding phenotypic tests to the integrated analysis of 

Escherichia coli.  
R.A. LaRossa  

9:25 AM 37 Phenotype microarrays to phenotype E. coli and 
other microbial strains.  
B. R. Bochner, X. Le, L. Zhou, B. Wanner 

9:50 AM  Global control of gene expression by ppGpp-aided 
sigma factor competition.  
T. Nystrom   

10:15 AM 38 Global gene expression in Escherichia coli is 
dependent on gene dosage and chromosome 
structure.  
M. G. Marinus, A. Løbner-Olesen, F. G. Hansen 

10:40 AM 39 Suppression of transcriptional polariry by 
trancription or translation reinitiation in the 
histidine operon of Salmonella. 
M.R. Pasca, R. Bianco, A. La Teana, C.O. Gualerzi, 
M.S. Ciampi  

  
11:05 AM Coffee Break 
  
Session VI: Genetic tools 
Convener: Anca Segall 
  
11:35 AM 40 Chi-assisted linear recombination into the 
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Salmonella chromosome.  
R.A. Edwards 

12:00 Noon 41 Recombineering with Overlapping ssDNA 
Oligonucleotides.  
J.A. Sawitzke, D. Yu, H. Ellis, D. L. Court 

12:25 PM 42 A bacterial two-hybrid system based on a cAMP 
signaling cascade in Escherichia coli.  
D. Ladant, G. Karimova, A. Ullmann 

12:50 PM 43 From the geneticist's toolbox: in vivo applications 
for TEV protease.  
M. Ehrmann  

1:15 PM 44 Reporter crim system for large-scale reporter fusion 
analysis.  
L. Zhou, B. L. Wanner 

  
1:40 PM Lunch 
  
2:45 PM Island Tour 
  

Saturday, October 5 
 

7:30 AM Breakfast “Santorini Image Hotel” 
The bus will depart from the “Santorini Image Hotel” at 8:30 AM

  
Session VII: Gene expression II / Translation control 
Convener: Lynn Miesel 
  
9:00 AM 45 ELVIS is dead.  

K. Mattison, L. J. Kenney 
9:25 AM 46 Transcription regulation of the gene for release factor 

one. 
M. Rydén-Aulin, Ann Dahlgren 

9:50 AM 47 Evolution of protein folding: Distribution of the 
chaperoning systems in the three phylogenetic 
domains.  
E. Conway de Macario, A. J. L. Macario 

10:15 AM 48 An aminoacid substitution in a rhodanese-related 
sulfurtransferase of Salmonella Typhimurium 
suppresses A +1 frameshift mutation.  
P. Chen, G. R. Björk 

10:40 AM 49 Localized translation: A mechanism that allows for the 
construction of multiple flagella at different stages of 
completion.  
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K. T. Hughes, P. Aldridge, H. Bonifield J. Gnerer, J. 
Karlinsey 

11:05 AM 50 Swarming motility - A moving target. 
S. Mariconda, A. Toguchi, R. M.  Harshey 

  
11:30 AM Coffee Break 
  
Session VIII: Pathogenesis and anti-pathogenesis 
Convener: Stanley Maloy 
  
12:00 Noon 51 Increased sensitivity to oxidative stress in fusidic acid 

resistant Salmonella Enterica. 
D. Hughes, M. Maèvanin, N. Erjavec, J. Björkman, D. 
I. Andersson, S. Eriksson, M. Rhen 

12:25 PM 52 Compensatory adaptation to the fitness costs of 
antibiotic resistance.  
S. Maisnier-Patin, D. I. Andersson 

12:50 PM 53 A host/pathogen interaction between a worm and a 
bacterium.   
Karen Yook, T. Akimkina, J. Hodgin 

1:15 PM  Genetics in antimicrobial drug discovery 
Lynn Miesel  

1:40 PM 54 Novel antibiotics: Peptides that block Holliday 
junction resolution in vitro block chromosome 
segregation in vivo.  
C. W. Gunderson, J. L. Boldt, A. M. Segall 

  
2:05 PM Lunch 
  
8:00 PM Gala Dinner 
  

Sunday, October 6 
 

7:30 AM Breakfast “Santorini Image Hotel” 
  
 Departure 
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ABSTRACT 1
 
A GENETIC TIME MACHINE -- HOW SELECTION ACCELERATES 
GENETIC ADAPTATION.  
S. Slechta, E. Kofoid, K. Bunny, K. Savaraman, and J. Roth. 
Biology Department, University of Utah; Section of Microbiology, University 
of California, Davis, USA. 
 

In Cairns’ system, selection appears to direct mutations to useful sites in 
non-growing cells, a behavior later attributed to stress-induced general 
hypermutability. We propose that selection favors a succession of cell types 
whose growth is progressively improved by lac amplification, reversion, and 
segregation to lac+ haploidy. This process is completed within 20 cell 
generations.  In detail, a lawn of Lac- scavengers prevents a leaky lac
frameshift mutant population from growing on lactose, but allows rare pre-
existing lac duplication mutants to initiate clones. Within each clone, selection 
first favors cells with higher lac amplification until there are sufficient copies 
to permit reversion; selection then holds the new lac+ allele and favors loss of 
mutant copies.  The process is rapid because lac is on plasmid F’128 and is 
flanked by sequence repeats (40 REP elements). Replication from the 
plasmid’s transfer origin (OriT) produces ends that stimulate recombination.  
Breaks may also occur at hairpins formed when palindromic REP elements 
appear in the single-stranded replication product.  On F’128, lac is located 16kb 
from dinB (error-prone polymerase). In clones whose amplified region 
includes dinB+ as well as lac, the increased DinB level generates enough 
mismatches to overwhelm the MMR system and cause general mutagenesis 
(100x). 
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ABSTRACT 2
 
GENE CONVERSION AND CONCERTED EVOLUTION IN THE 
NITROGENASE MULTIGENE FAMILY IN RHIZOBIUM. 
D. Romero, G. Santoyo, and E. Sepúlveda.  
Ctr. de Investigación sobre Fijación de Nitrógeno, UNAM Cuernavaca, Mor. 
México.  
 

We have shown earlier the operation of gene conversion (GC) between 
members of the nitrogenase multigene family in the nitrogen-fixing bacteria 
Rhizobium etli. This family is composed by three identical nifH gene repeats. 
GC occurs at a rate 100-fold higher than spontaneous mutation and is 
unaffected by the disposition of the interacting repeats. To evaluate conversion 
tract length, we have modified the nifH gene by introducing single-base pair 
changes (creating specific restriction sites) every 100 bases along the gene. 
Using this construct as a donor in GC events, we can infer conversion tract 
length by analyzing which sites are gained or lost. Out of 50 recombination 
events analyzed, 49 displayed a conversion event close to the crossover site. 
Over 65% of the GC events display the transfer of continuous segments, with a 
mean length of 550 bp. The remaining events showed a "patchy" distribution, 
where a segment undergoing crossover is flanked by small segments (about 
150 bp) displaying GC. Transfer of information is strongly biased toward the 
acquisition of restriction sites, rather than its loss. To clarify if gene conversion 
generates a pattern of concerted evolution, we have sequenced each of the nifH
repetitions in R. etli strains from variant geographical locations. In seven of the 
strains the sequence of the repeats was identical both within and between the 
strains, suggesting a recent origin. For three strains, the sequence of the repeats 
was highly similar within a strain but less similar between strains, consistent 
with a pattern of concerted evolution.  
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ABSTRACT 3
 
GENOMIC REARRANGEMENTS IN ENTERIC BACTERIA. 
K.  Sanderson and S. Liu 
Departments of Biological Sciences, and Microbiology and Infectious 
Diseases, University of Calgary, Calgary, Alberta Canada T2N1N4 
 

The core genome of enteric bacteria is highly conserved in wild type 
strains, in spite of many rearrangements in culture; there are two main types of 
rearrangements. 

Rearrangements due to recombination between rrn operons.  Order of the 
seven I-CeuI fragments in Salmonella is conserved, except in S. typhi and 
some others. PCR analysis shows that orientation of some fragments can be 
reversed. The basis for reduced conservation in S. typhi is not clear; however, 
only species which are host-specialists (S. pullorum, gallinarum, paratyphi A 
and C) show conservation, host-generalists do not.     

Inversions. E. coli K12 and S. typhimurium LT2 yields many types 
following selection, but within wild type only inversions over the TER region 
occur.  S. typhi differs from S. typhimurium by a 500 kb inversion with end 
points in IS200s.  All S. typhi strains are inverted, but no other Salmonella.  
Similarly, E. coli K12 is inverted over TER, and one of two strains of E. coli
O157:H7 has a further inversion. 

IS200-mediated inversion shifts the position of TER, because TER is 
asymmetical within the inverted region.  Similarly, inversions due to rrn-
mediated inversions change the position of TER with respect to origin of 
replication; this may affect chromosome balance and thus replication.   
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ABSTRACT 4
 
BIOLOGICAL COST OF GENOME REARRANGEMENT IN 
SALMONELLA ENTERICA. 
T. Norström, J. Björkman*, D. I. Anderson*, D. Hughes.  
Department of Cell and Molecular Biology (ICM), Biomedical Center, 
Uppsala University, Sweden *Department of Bacteriology, Swedish Institute 
for Infectious Disease Control (SMI), Solna, Sweden  
 

Homologous recombination between tufA and tufB in Salmonella enterica
can cause tuf gene conversion and/or inversion of the ~700 kb inter-tuf region. 
The inter-tuf inversion is relatively conservative, being approximately centered 
on the origin of chromosomal replication. These gene conversions and 
chromosomal inversions occur at similar rates (~10-8), and occur in 
experiments made in vitro and in vivo (mouse). Sequence analysis of natural 
Salmonella isolates (SARA collection) shows evidence of tuf gene conversion 
suggesting that tuf recombination occurs with sufficient frequency in nature to 
be reflected in the genotypes of these strains. However, no inter-tuf inversions 
are present among the 160 natural isolates making up the SARA, SARB and 
SARC collections. The absence of inversions is surprising given the similar 
frequencies of occurrence of both gene conversion and inversion in 
experimental studies. We find that the inversion is associated with a decrease 
in exponential growth rate of about 3% per generation. Experimental evolution 
of strains carrying the inversion results in fitness compensation without loss of 
the inversion. This suggests that the inversion may be selected against in 
nature and that the population structure of Salmonella has permitted the 
fixation of neutral tuf gene conversions but acted against the fixation of 
deleterious tuf inversions. 
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ABSTRACT 5
 
WHAT DETERMINES THE FREQUENCY OF CHROMOSOMAL 
REARRANGEMENTS AT RRN OPERONS? 
R. A. Helm and S. Maloy*  
San Diego State University, California, San Diego, CA,  USA 
 

Most Salmonella serovars are general pathogens that infect many hosts. 
These "generalist" serovars cause disease in a varitey of animals from reptiles 
to mammals. In contrast, a few serovars only cause disease in a specific host. 
Host-specific serovars can cause a systemic, often fatal disease in one species 
yet remain avirulent in other animals. Host-specific Salmonella frequently 
have large genomic rearrangements due to recombination at the ribosomal 
RNA (rrn) operons while the generalists consistently have a conserved 
chromosomal arrangement. To determine whether this is the result of an 
intrinsic difference in recombination or a consequence of lifestyle difference 
between generalist and host-specific Salmonella, we determined the frequency 
of rearrangements in vitro. Both generalist and host-specific serovars of 
Salmonella showed similar frequencies of inversion within permissive and 
nonpermissive intervals of the chromosome in vitro. Furthermore, generalist 
and host-specific serovars also showed similar frequencies of rearrangements 
at rrn operons in vitro. These observations indicate that the observed 
difference in genomic stability between generalist and host-specific serovars is 
a consequence of their distinct lifestyles, not intrinsic differences in 
recombination frequencies. 
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ABSTRACT 6
 
REDUCTIVE EVOLUTION OF THE SALMONELLA CHROMOSOME 
OR HOW WE CREATE A NEW SPECIES, S. TINYGENOMUS. 
A. Nilsson, E. Kugelberg, A. Syk and D. I. Andersson 
Swedish Institute for Infectious Disease Control, Dept. Of Bacteriology,  
Nobels vag 18, S-171 82 Solna, Sweden.  
 

Evolution towards an obligate intracellular lifestyle is thought to involve 
relaxed selection for gene functions (e.g. usage of metabolic products from the 
host relieves selection for many biosynthetic pathways), inactivation of gene 
functions by random mutation and subsequent loss of DNA by deletion. This 
scenario has been inferred from genomic comparisons of free-living, 
facultative intracellular and obligate intracellular bacteria. How rapidly and by 
which mechanisms this gene loss occurs is unclear. It has been proposed that 
RecA-dependent deletion mediated by long repeat sequences is major pathway 
for these loss processes even though experimental data in, for example, E. coli
suggest that deletion formation by RecA-indepedent processes between short 
repeats or even no repeats might occur at high frequencies.  We have designed 
an experimental set-up where we study in real time how rapidly, by which 
mechanisms and to which extent the Salmonella genome can evolve towards a
smaller size. To allow genome reduction to occur and putative size-reduced 
genomes to become fixed, we relieved selection for a substantial part of 
Salmonellas’ genes and severely limited purifying selection. Several lineages 
of wt and mutant Salmonella were serially passaged under these conditions. 
Preliminary data suggest that some lineages have experienced gene loss.  
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ABSTRACT 7
 
DOMAINS OF CHROMOSOME SUPERCOILING IN E. COLI AND
SALMONELLA  
N. P. Higgins, D. Manna, and S. Deng 
Department of Biochemistry and Molecular Genetics, University of Alabama 
at Birmingham, Birmingham, Alabama, USA 
 

The dynamic structure of chromosomes presents a major challenge to 
molecular biology. Bacterial chromosomes are divided into domains of activity 
that influence a wide range of genetic phenomenon including potential for 
homologous recombination, site-specific recombination, and transposition. A 
long history of reports provide evidence that bacterial chromosome 
occasionally attach to the inner and outer membranes. We find that co-
transcriptional translation divides chromosomes into functional domains and 
we present a model of that exploits both transcription of integral membrane 
proteins and export of gene products to the outer membrane as an aid in 
folding DNA emerging from a replication factory.  

We have carried out a genome-wide analysis of the bacteriophage Mu 
transposition efficiency using whole genome arrays in E. coli. Chromosomal 
regions defined by cDNAs of 4000 Orfs differ over a 1000-fold in sensitivity 
to Mu transposition. Examples of dramatic hot spots will be illustrated in a 
poster.  
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ABSTRACT 8
 
MECHANISM OF HAIRPIN END GENERATION IN LINEAR 
REPLICONS.  
W. M. Huang 
Department of Pathology, University of Utah Health Sciences Center, Salt 
Lake City, Utah, USA 
 

Bacterial chromosomes and plasmids are usually circular.  Borrelia 
burgdorferi, the Lyme disease agent, has a linear chromosome and harbors 
numerous linear as well as circular plasmids.  These linear replicons have 
closed hairpin ends (one DNA strand turns around and continues but becomes 
the complementary strand to form a linear duplex without free ends). In the 
temperate lambda-like phages N15 of E. coli and KO2 of Klebsiella oxytoca, 
upon lysogeny the prophage DNA's are not integrated into the circular
bacterial chromosome, but exist as linear plasmids with closed hairpin ends.  
Occurrences of this type of DNA ends, though not common, have recently 
been recognized in different branches of the bacterial kingdom.  An 
integrase/recombinase-like protein, called protelomerase, has been identified 
as the enzyme that acts in a sequence-specific manner at the target telRL site 
via a cleavage-rejoining mechanism to generate the closed hairpin ends.  
Purified protelomerase from N15 and KO2 cuts the target sequence transiently 
at dyad-symmetrical location at the central 6-basepair to form covalent DNA 
complexes with protruding 5' end and 3'-phosphoryl-protein linkage.  After 
intramolecular strand exchange, the tranisient breaks are resealed to form the 
hairpin ends in a topoisomerase-like reaction. 
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CELLULAR RESPONSES TO PROGRAMMED AND ACCIDENTAL 
STOPS OF REPLICATION FORKS IN ESCHERICHIA COLI. 
S. Dasgupta, S. Maisnier-Patin and K. Nordström 
Department of Cell and Molecular Biology, Uppsala University, BMC 
Box 596, S-751 24 Uppsala Sweden 
 
Bidirectional replication of the E. coli chromosome starts from a unique site 
oriC and terminates at a diametrically opposite position terC, the replication 
terminus. The terminus region is flanked by polar blocks that prevent the 
departure of the incoming replication forks thus ensuring that termination 
events take place at terC. In addition to these pre-designed stops, the progress 
of the replisomes is often hindered by unforeseen blocks arising from genetic, 
metabolic and/or environmental causes. We compared the stress responses 
induced by blockage of replication forks at programmed stops (ter sites) and at 
accidental stops (random sites all over the chromosome) by measuring the β-
galactosidase expression from (dinD-lacZ) fusion. In bacterial strains with 
asymmetric chromosome replication a mild SOS response could be detected 
but it did not show any correspondence with the increased accumulation of 
blocked forks at the ter sites. In contrast, randomly stalled replication forks, 
observed in the absence of DnaC function, showed SOS-inducible β-gal 
expression in correspondence with the frequency of blockage. Thus, the 
programmed stop sites seem to be designed to protect the cells from the stress 
responses normally induced by stalled replication forks elsewhere on the 
chromosome 



32 

ABSTRACT 10
 
CHROMATID BREAKAGE AND TELOMERE FORMATION IN 
CILIATED PROTOZOA: CORRELATION BETWEEN TYPES OF 
BREAKAGE AND TELOMERE-ADDITION PATTERNS IN
OXYTRICHA FALLAX AND O. TRIFALLAX. 
K. R. Williams, T. G. Doak, G. Herrick*  
Department of Pathology, University of Utah School of Medicine, Salt Lake 
City, Utah, USA  
 

Ciliates employ massive chromatid breakage and de novo telomere 
formation during generation of the somatic macronucleus. Positions flanking 
the 81-MAC locus are reproducibly cut, but those flanking the Common 
Region of the locus often escape cutting, leading to the generation of three 
nested macronuclear chromosomes, two retaining "arms" still appended to the 
Common Region. Arm-distal positions must differ (in cis) from those flanking 
the Common Region. Anchored PCR shows the Common-Region-flanking 
positions also differ from the arm-distal positions in that they are "multi-TAS" 
regions: they show heterogeneous patterns of telomere addition sites, but arm-
distal sites do not. The multi-TAS patterns are reproducible, but are sensitive 
to the sequence of the allele being processed. Thus, the heterogeneity is not the 
result of a random degradation following chromatid cutting; these telomere 
addition sites also must be dictated by cis-acting sequences. Most ciliates show 
such micro-heterogeneity in the precise positions of telomere addition sites. It 
is generally believed that telomerase is tightly associated with, and acts in 
concert with, the chromatid-cutting nuclease: heterogeneity must be the result 
of intervening erosion activity. Our "weak-sites" hypothesis explains the 
correlation between alternative chromatid cutting at the Common Region 
boundaries and their multi-TAS character: these two properties are explained if 
the chromatid-breakage machine encounters either a weak binding site or a 
weak cut site at these regions; this causes telomerase to dissociate, leaving the 
new end subject to erosion by an exonuclease, which pauses at cis-acting 
sequences; telomerase eventually heals these resected termini. 
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CONTROL OF HETEROCHROMATIZATION AT THE MATING-
TYPE LOCUS OF FISSION YEAST 
N. Ayoub, S. Isaac and A. Cohen 
Department of Molecular Biology The Hebrew University-Hadassah Medical 
School, Jerusalem, Israel 91010. 
 

The mat locus of S. pombe shares an extended sequence homology with 
the centromeric outer repeats (cenH) and provides a useful paradigm for the 
highly conserved process of heterochromatin assembly and inheritance. 
Constitutive heterochromatin at the mat locus extends along a 20 kb interval 
that is bound by two barrier elements, IR-L and IR-R, that act as distinct 
transition point for Swi6 association with chromatin and histone H3 
methylation patterns. The mechanism by which these barriers prevent 
heterochromatin encroachment toward essential euchromatic genes is not yet 
understood. To explore the mechanism underlying barrier activity, we 
genetically screened for mutations that confer silencing on reporter genes 
beyond IR-L. This screen revealed two distinct classes of mutations: those that 
directly impair barrier activity and those that enhance heterochromatization, 
such that the propagating heterochromatin can override the barrier. One of the 
second class mutations affects a novel gene, named epe1, which encodes for a 
nuclear protein with a jmjC domain. We show that epe1+ product is an 
antagonist of heterochromatization and that its inactivation stimulates 
continuous spreading of heterochromatin-associated histone modifications and 
Swi6 binding to chromatin across the IR-L barrier. Moreover, epe1 mutations 
enhance heterochromatization at the centromeres and suppress mutations in 
genes that encode for heterochromatin assembly proteins. Correspondingly, 
overexpression of Epe1 impaires repression within the normally-silent K 
region of the mat locus. Enhanced heterochromatization in epe1 mutants 
overcomes the barrier at IR-L in a stochastic manner and induces an epigenetic 
switch that establishes heritable repression along the L region. Taken together, 
these observations indicate that Epe1 helps regulate chromatin organization by 
counteracting heterochromatization. It suggests also that enhanced 
heterochromatization can promote an epigenetic switch that establish a 
heritable state of repression across the IR-L barrier. 
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A REPLICATION CHECKPOINT IN BACTERIA?   
S. T. Lovett, J. Schienda, V. A. Sutera, Jr. and J. Foti.  
Rosenstiel Center, Brandeis University, Waltham, MA, USA . 
 
Recent studies suggest that replication forks frequently stall and must be 
repaired. The cellular responses to replication arrest in bacteria remain 
incompletely described. We initiated a screen for E. coli mutants sensitive to 
hydroxyurea, which deprives the cell of deoxynucleotide precursors for DNA 
synthesis. One mutant in the obgE gene is profoundly sensitive to HU and 
AZT (a replication elongation inhibitor). ObgE is a conserved G-protein with 
homology to Ras oncogene. It possesses GTPase and DNA binding activities 
and is associated with bacterial membrane. In E. coli, obgE is an essential gene 
and our mutation is a very C-terminal insertion. Our obgE insertion exerts 
synergistic effects with recA for sensitivity to HU, AZT, UV-irradiation and 
nalidixic acid, suggesting that ObgE acts in a RecA-independent pathway for 
DNA damage tolerance. Staining for DNA and for the FtsZ protein by 
immunofluoresence showed that the obgE mutant fails to properly control 
nucleoid segregation and cell division after replication arrest. Our results 
suggest that ObgE may play a role in the cellular response to replication fork 
arrest, potentially signaling arrest of nucleoid segregation and cell division. 
Experiments are underway to test whether obgE also controls fork elongation, 
fork stability or replication initiation. 
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FTSB (YGBQ), A NEW CELL DIVISION PROTEIN IN 
ESCHERICHIA COLI LOCALIZES IN CO-DEPENDENT FASHION 
WITH FTSL TO THE DIVISION SITE 
D. Boyd, N. Buddelmeijer and J. Beckwith 
Department of Microbiology and Molecular Genetics, Harvard Medical 
School, 200 Longwood Avenue, Boston, MA 02115, USA 
 

FtsB, formerly YgbQ, is a new cell division protein in Escherichia coli. 
The ftsB gene was discovered as a result of a computer search of the E. coli 
genome designed to find potential partners for cell division protein FtsL which 
might interact with it via a coiled-coil leucine zipper motif. The role of FtsB in 
cell division is supported by the following: cells depleted of FtsB form long 
filaments while DNA segregation is not affected. GFP-FtsB localizes to the 
constriction site in wild type E. coli cells. Localization of FtsB to the 
constriction site depends on cell division proteins FtsQ and FtsL but not FtsW 
and FtsI, placing FtsB in the sequential dependency order of proteins 
localizing to the division site. Localization of GFP-FtsL is also dependent on 
FtsB indicating that FtsL and FtsB co-localize to the division site in E. coli. 
Our results present the first instance of co-dependent localization of proteins to 
the bacterial mid-cell in E. coli and raise the possibility that these proteins 
interact in a coiled-coil structure. 
      FtsA           FtsB 
     /    \         /  | \ 
 FtsZ      FtsK-FtsQ   |  FtsW-FtsI-FtsN 
     \    /         \  | / 
      ZipA           FtsL 
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PROGRAMMED CELL DEATH IN A BACTERIAL  CULTURE  AS  A 
DEFENSE MECHANISM AGAINST  SPREADING OF PHAGE 
INFECTION 
H. Engelberg-Kulka , and R. Hazan 
Department of Molecular Biology, Hebrew University-Hadassah Medical 
School, Jerusalem 91120 ISRAEL 
 

Escherichia coli mazEF  is a regulateable chromosomal toxin-antitoxin 
module: mazEF encodes a stable toxin and mazE encodes a labile antitoxin 
that overcomes the lethal effect of MazF. Because MazE is labile, inhibiting 
mazE   expression results in cell death. Here we show that during the induction 
of P1 prophage, an E.coli  ∆mazEF  lysogenic strain produced 100 times more 
phages than does the wild type parent strain. In addition, while the ∆mazEF
cells are almost completely lysed, only a non-significant lysis of the wild-type 
cells is observed; however, most of them are not viable. Thus , while the 
∆mazEF cells die because of the lytic action of the phage, most of the wild-
type cells die because of some different mechanism, apparently through the 
action of the chromosomal mazEF system, Furthermore, introducing lysogens 
into a non-lysogenic growing culture is lethal for the ∆mazEF culture and not 
for the wild-type. Thus, though mazEF action causes individual cells to die, it 
is generally  beneficial to the bacterial culture because it causes P1 phage 
exclusion. These results provide additional support for the view that bacterial 
cultures may share some characteristics of multicellular organisms.  
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THE LETHAL PHENOTYPE OF LEXA NULL MUTATIONS IN 
SALMONELLA LT2 IS DUE TO THE FELS-2 PROPHAGE AND 
SECONDARILY TO GIFSY-1 AND GIFSY-2.  
K. L. Bunny, J. L. and J. R. Roth.  
Section of Microbiology, University of California-Davis, Davis, CA, USA 
 

The LexA protein of E. coli represses the damage-inducible SOS regulon, 
which includes DNA repair genes.  Surprisingly, lexA(null) mutations of S. 
enterica are lethal even with a sulA mutation (which corrects lexA lethality in 
E. coli).  This lethality is suppressed by excision of the Fel-2 prophage and full  
growth ability is restored by additional loss of Gifsy-1 and Gifsy-2 prophages.  
All three phage genomes include a homologue of the tum gene of coliphage 
186, which encodes a LexA-repressed cI anti-repressor.  Deletion of Fels-2
tum corrects lexA lethality, and the sequence upstream of this gene includes a 
LexA binding site and an SOS-regulated promoter. This basis of lexA lethality 
is unexpected because the four prophages of S. enterica LT2 are not strongly 
UV inducible and  Salmonella is not sensitive to UV killing.  Analysis of the 
Fels-2 tum regulatory region indicates an unusual form of LexA regulation.   
The promoter is fully induced by a lexA(null) mutation or by mitomycin C.  
Surprisingly the tum promoter shows nearly normal induction by mitomycin C 
in the presence of a lexA3(Ind) mutation which prevents induction of all other 
SOS regulated promoters.   A lexA(null) mutant is not a mutator even though it 
is expected to show constitutive expression of two error-prone polymerases 
(UmuCD and DinB). 
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 ABSTRACT 16
BACTERIOPHAGE GENOMICS AND THE BENEFITS OF EVER-
INCREASING SEQUENCE DATA  
R. W. Hendrix, G. F. Hatfull & J. G. Lawrence  
Pittsburgh Bacteriophage Institute and Department of Biological Sciences, 
University of Pittsburgh, Pittsburgh, PA, USA  
 

Much of molecular biology is based on detailed studies over the past 50 
years of a very small number of bacteriophages, most of which infect E. coli. 
Recent advances in DNA sequencing technology have made it possible to 
dramatically expand our database of phage genomic sequences, both in 
numbers and to a lesser extent in diversity of their hosts. This in turn has 
enhanced our understanding of the global population structure and dynamics of 
these phages and allowed us to infer in considerable detail some of the 
mechanisms by which they evolve. Our comparative genome analyses speak to 
mechanisms by which variations are introduced into a genome of a particular 
composition and organization. We also see clear evidence of introduction of 
novel genes or gene organizations into a genome. Those same mechanisms 
apply for genetic communication among phages whose hosts are 
phylogenetically widely separated. Extrapolation of these mechanisms leads to 
hypotheses about origins of viruses and invention of novel genes. At this 
writing we have nearly finished determining the sequence of the genome of 
Bacillus phage G. We therefore expect to have something to report about what 
a virus with a 500 kb genome chooses to use to fill its exceptionally large 
head.  
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A PLETHORA OF PUTATIVE PROPHAGES:  PROPHAGES IN 
BACTERIAL GENOME SEQUENCES AND WHAT THEY MEAN TO 
PHAGE AND BACTERIAL EVOLUTION 
S. Casjens 
University of Utah, Salt Lake City, UT, USA  

 
As of September 2002, sixty-five complete bacterial genome sequences 

have been published.  Prophages have been poorly annotated in these 
sequences, but a more complete search for and study of these prophages 
indicates that there are a minimum of 180 dsDNA (tailed phage) prophages and 
several ssDNA (filamentous phage) prophages present in the 39 genomes that 
have recognizable prophages.  Twenty-six bacterial genomes do not have 
prophages. Fifteen of the eighteen “small genome” bacteria (<1.6 mbp) have 
no prophages and of the three that do, two have only plasmid prophages and 
one has only a single very highly deleted defective prophage that may contain 
only two remaining phage genes.  It may be that the same pressures that caused 
reduction of the size of these genomes removed the integrated prophages?  
Several of the larger genome bacteria - Nostoc, Sinorhizobium, Pseudomonas, 
Streptomyces (6.3 to 9.1 mbp) - have no convincing prophages while others -
E. coli, Salmonella, Xylella, Yersinia, Lactococcus, Streptococcus (1.9 to 5.5 
mbp) - have between 6 and 20 prophages.  It is not yet clear whether some 
large-genome bacteria (i) have devised ways of avoiding lysogeny, (ii) carry 
prophages that are not currently recognized as such, or (iii) individuals were 
chosen for sequencing which by chance had no prophages.  Phages are 
sufficiently diverse that undetected prophages could well be present.  Analysis 
of these 180 prophages confirms the fact that although there clearly has been 
extensive horizontal transfer of genes among phages that infect different 
species, two different phages within a phage type (e.g., the lambdoid phages) 
are likely to be more similar if they infect the same host species than if they 
infect different hosts. 

Comparison of prophages at the same site in the genomes of multiple 
individuals from the same bacterial species will be used to discuss the 
potentially long residence times of some integrated prophages (millions of 
years?) and recombination between related prophages in the same cell.  
Although a majority of the these 180 putative prophages are probably 
defective, even quite highly deleted prophages can contain functional genes.  
Prophages therefore probably harbor a significant fraction of the phage genes 
on Earth, and recombination between prophages may be an important route for 
generation of new gene combinations in the temperate phages. 
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GENOMIC ANALYSIS OF UNCULTURED MARINE VIRAL 
COMMUNITIES 
M. Breitbart1, P. Salamon2, B. Andresen2,3, J. M. Mahaffy2, A. M. Segall1, D. 
Mead4, F. Azam5, F. Rohwer1 
1Department of Biology, San Diego State University, San Diego, CA 
92182-4614 
2Department of Mathematical Sciences, San Diego State University, San 
Diego, CA 92182-7720 
3Ørsted Laboratory, University of Copenhagen, Universitetsparken 5, 
DK-2100 Copenhagen Ø, Denmark 
4Lucigen, Middleton, WI 53562 
5Marine Biology Division, Scripps Institution of Oceanography, La Jolla, CA 
92093 
 
 Viruses are the most common biological entities in the oceans by an order 
of magnitude.  However, very little is known about their diversity.  Here we 
report the first genomic analysis of three uncultured marine viral communities 
- two nearshore water communities and one from the sediment. Over 65% of 
the sequences in all three libraries were not significantly similar to previously 
reported sequences, suggesting that much of the diversity is novel.  The most 
common significant hits amongst the known sequences were to viruses and 
included sequences from all the major families of dsDNA tailed phage, as well 
as some algal viruses.  Several independent mathematical models based on the 
observed number of contigs predicted that the most abundant viral genome 
comprised 2-3% of the total population in both water communities, which was 
estimated to contain between 374 and 7114 viral types.  Only one contig was 
observed in the sediment viral community, suggesting that diversity was higher 
than in the water.    The results also showed that it would be theoretically 
possible to sequence the entire genome of an uncultured marine viral 
community. 
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CONSERVED ELEMENTS IN SECONDARY ATTACHMENT SITES 
USED BY λ AND INT MUTANTS WITH ALTERED INSERTION 
SPECIFICITY. 
E. Rutkai, L. Dorgai, R. Sirot, E. Yagil and R. A.  Weisberg.   
Bay Zoltán Institute for Biotechnology, Szeged; Department of Biochemistry, 
Tel Aviv University; and Laboratory of Molecular Genetics, NICHD, NIH, 
Bethesda, MD, USA. 
 

When λ lysogenizes a cell that lacks the primary attachment site, Integrase 
catalyzes insertion into secondary sites.  We characterized the secondary sites 
that are used most frequently by λ and by λ int mutants whose specificity 
resembles that of phage HK022.  Nearly all secondary sites contained 5'-T-T-T 
at the left of the overlap region, the seven base segment that lies between the 
points of strand exchange.  The rightmost bases were much more weakly 
conserved.  5'-T-T-T is well conserved because it must match the 
corresponding sequence in λ.  We attribute the difference in conservation 
between the left and right to the different effects of mismatches on formation 
and processing of a recombination intermediate.  These effects can also 
account for the observation that recombinants formed by exchange of both 
strands within the identical bases on the left side of the overlap region were 
recovered much more frequently than expected.  We also found substantial 
sequence conservation within the core type Integrase binding sites, which flank 
the overlap region.  Integrase mutants with altered specificity differed in their 
utilization of particular secondary sites, but we were unable to identify a 
sequence motif that accounted for this difference.  We suggest that natural 
alterations in phage insertion specificity arise after insertion into secondary 
sites. 
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TWO-COMPONENT VIRAL RECOMBINASES: ALL THE WORLD'S 
A PHAGE? 
R. S. Myers  
Department of Biochemistry and Molecular Biology; University of Miami 
School of Medicine; Miami, FL, USA  
 

Phage studies inform our understanding of fundamental biological 
processes, including homologous recombination. In prokaryotes and 
eukaryotes, free-living creatures and obligate intracellular visitors, 
recombination is initiated at dsDNA breaks by 5’ à 3’ dsDNA exonucleases 
that expose 3’ ssDNA termini. The nascent ssDNA is bound by homologous 
pairing proteins (Synaptases) to form a nucleoprotein filament that searches 
the genome for homologous DNA with which to pair. Phage lambda encodes a 
two-component recombinase called the Red system, consisting of a 5’ à 3’ 
dsDNA exonuclease and a Synaptase. Homologs of lambda exonuclease are 
found in the genomes of over 80 viruses that infect bacteria, plants or animals; 
many contain Synaptase genes, too. We studied the activities of some of the 
homologs and have determined that they behave like Lambda’s recombinase. 
For example, we identified a novel Herpes recombinase that catalyzes 
homologous strand exchange in vitro, localizes to recombination centers in 
infected cells, and is required for viral development when DNA replication is 
inhibited by a common antiviral drug. This last observation indicates that the 
Herpes recombinase is a dandy target for drug development, especially 
because the two-component recombinases are restricted to viruses. We have 
also isolated mutants that illuminate the conserved recombinase mechanism. 
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ROLE OF SITE-SPECIFIC RECOMBINATION IN THE 
DISSEMINATION OF ANTIBIOTIC RESISTANCE.  
P. H. Roy, D. Centrón, F. Drouin, A. Larouche, G. Léon, N. Messier, and C. 
Quiroga 
Infectious Diseases Research Center, Laval University, Quebec City, Canada 
 
We have been working on the characterization of integrons, which are 
elements that use an integron integrase, a member of the tyrosine recombinase 
family, to incorporate antibiotic resistance gene cassettes into a specific site, 
downstream of a strong promoter, thus forming multiresistance operons.  
Cassettes usually consist of a single, promoterless gene accompanied by an 
attC site, a palindromic sequence of 60-140 bp.  The integrase recognizes two 
specific sites: the attC site in the cassette and the attI site, found close to the 
integrase gene, to integrate and excise cassettes. 
 We are studying the interaction of the integron integrase with its two types 
of specific sites, and the role of specific residues in the integrase in DNA 
binding and in catalysis.  Another question is how a structural gene and an attC 
site first become associated to form a cassette.  We have preliminary evidence 
of a role for group II introns in this mechanism. 
 The plasmid-specified integrons, in which cassettes are mostly resistance 
genes, apparently originate from chromosomal "super-integrons" whose 
cassettes are mostly other non-essential genes including minor virulence 
factors, restriction-modification systems and many unidentified ORF's.  The 
integrases of integrons from environmental bacteria such as Shewanella and 
Nitrosomonas are able to excise and integrate cassettes from class 1 integrons.  
In addition, the most common type of attC site appears to originate from 
Xanthomonas. 
 We are also interested in the clinical importance of integrons in 
Enterobacteriaceae, pseudomonads and Acinetobacter.  While some cassettes 
specify resistance to older antibiotics such as streptomycin and 
chloramphenicol, newly found cassettes specify resistance to newer antibiotics 
such as carbapenems and play an important role in the dissemination of this 
resistance. 
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ORGANISATION AND ANNOTATION OF PROKARYOTIC MOBILE 
GENETIC ELEMENTS (MGE'S): A QUEST FOR UNIFICATION 
A. Toussaint, R. Leplae and S. Wodak 
SCMBB, Université LIbre de Bruxelles, Boulevard du Triomphe, 1050 
Bruxelles, Belgium 
 

Prokaryotic Mobile Genetic Elements (MGE’s) are central players in 
mobilizing genes, whether within a given genome (intra-cellular mobility) or 
between bacterial cells (inter-cellular mobility). Traditionally, MGE’s have 
been classified as either bacteriophages or plasmids or transposons. This 
classification becomes more and more obsolete as many chimerical elements 
are identified, which display strong similarities with elements of different 
families. Conjugative transposons bear site specific recombination machinery 
related with those of bacteriophages while they transfer by conjugation, like 
plasmids. The modular nature of MGE’s has long been recognized and 
dissecting them into their building blocks (which we shall call functional 
modules) would help much, whether for analyzing the phylogeny of individual 
blocks/function/modules, for understanding how modules get associated and 
properly express the functions they carry in various bacterial hosts. Any 
systematic analysis of MGE’s is made difficult becaue they have no clear 
identity in nucleotide sequence and other databases where for instance 
elements residing in widely different hosts have little chance to be readily 
recognized as such. Complete genome annotation has made things even worse 
because in the present gene classification, MGE’s proteins appear under 
"plasmid" or "phage" function if not under "other categories" or “unknown”, 
with no obvious coherence between genomes. 
We propose to organize interconnected databases of families of the limited 
number of functional modules that compose MGE’s and we suggest a new 
option for the annotation of MGE's in complete genomes. 
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A SPECIFIC RECOMBINATION SYSTEM IS INVOLVED IN 
COINTEGRATION OF THE SYMBIOTIC PLASMID WITH THE 
CONJUGATIVE P42A OF RHIZOBIUM ETLI.  
S. Brom1, L. Girard1, C. Tun-Garrido1, A. García-de los Santos1, P. Bustos2, 
V. González2 and D. Romero1.  
Progr. de Genet. Mol. de Plásmidos Bact.1, Progr. de Evol. Mol.2, CIFN, 
UNAM, Cuernavaca, Morelos, México.  
 

Rhizobium etli is able to establish a symbiosis with Phaseolus vulgaris
(beans). Bacterial genes required for this interaction are encoded in a plasmid 
(pSym). The R. etli type strain, CFN42, contains 6 plasmids (p42a to p42f), 
with sizes ranging from 180 to 600 kb. p42d corresponds to the pSym. A 
singular characteristic of the rhizobial genome, is its high content of reiterated 
sequences, which are present in the chromosome, the different plasmids, or 
shared among different replicons. Conjugative transfer of the pSym of strain 
CFN42 occurs at a frequency of 10-6 and depends on the presence of the self-
transmissible plasmid p42a (Brom et al 2000 Plasmid 44:34-43). When 
transconjugants for pSym transfer are selected, 90% also inherit p42a. The 
other 10% contain recombinant pSyms, which have acquired segments of p42a 
and lost DNA of the pSym. The p42a DNA present in the recombinant 
plasmids includes the oriV, and the tra region, consequently these plasmids are 
self-transmissible and compatible with the wild-type pSym. Analysis of 
recombinant pSyms showed that most of them share one border of the p42a-
pSym junction. Sequence of this region showed a 53 bp segment that is 90% 
identical among the pSym and p42a. This segment includes a 23 bp inverted 
repeat. An ORF encoding a possible integrase-like protein was found near the 
homologous region, on p42a. A model explaining the pSym transfer 
mechanism and the generation of recombinant pSyms will be discussed.  
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CHAPERONING SYSTEMS IN NATURE 
E. CONWAY de MACARIO, and A. J. L. MACARIO 
Wadsworth Center, New York State Department of Health; and Department of 
Biomedical Sciences, The University at Albany (SUNY); Albany, New York, 
USA 
 

Organisms in nature are exposed to stressors. Our research focuses on the 
spread of anti-stress mechanisms aiming at correcting protein denaturation 
including Hsp70(DnaK), Hsp40(DnaJ), and grpE (in short K, J, and E), which 
form the molecular chaperone machine, the chaperonins group I (GroES/L) 
and group II (thermosome and CCT), prefoldin, and others known to exist 
either in bacteria or in eukaryotes. We found that: (a) K does not occur in all 
Archaea in contrast to Bacteria and Eucarya, which have it without any known 
exception; (b) K is always accompanied by J and E; (c) Archaea have group II 
chaperonins, prefoldin, and the homolog of one subunit of the eukaryotic 
NAC, while bacteria possess group I chaperonins but no prefoldin or NAC; 
and (d) The archaea Methanosarcinae have chaperonin groups I and II -- this 
was unexpected since it was previously thought that group I chaperonins 
existed exclusively in bacteria and eukaryotic organelles. Intriguingly, some 
archaeal organisms lack the chaperone machine but grow optimally at high and 
very high temperatures. The Crenarchaeota, and some Euryarchaeota --
including species that grow at high temperatures -- lack the machine. 
Remarkably, all the extreme halophilic archaea and hyperthermophilic bacteria 
tested have the chaperone machine, in contrast to hyperthermophilic archaea. 
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FITNESS COSTS OF PLASMIDS 
C. Dahlberg1 and L. Chao2 

1Swedish Institute for Infectious Disease Control, Nobels vag 18, S-171 82 
Solna, Sweden,  2University of California, San Diego, USA 
 

Conjugative bacterial plasmids are responsible for a large part of the 
antibiotic resistances seen in bacteria. Several studies of chromosomally 
encoded resistances have shown that compensatory mutations can reduce the 
cost of resistance without resistance being lost. As a consequence resistant 
bacteria might become stabilized in the population. Plasmid-borne resistances 
differ from those carried on chromosomes in that all functions on a plasmid, 
including plasmid maintenance genes, may contribute to the cost of a specific 
antibiotic resistance. We examined the ability of natural selection to reduce the 
costs of conjugative plasmids in the absence of antibiotic selection. The two 
conjugative plasmids R1 (100kb) and RP4 (60kb) on an Escherichia coli K12 
host were subjected to 1100 generations of growth in batch cultures. Initially 
both plasmids showed significant costs on the host but after the selection 
experiment these costs had been greatly reduced. We showed by curing and 
plasmid reintroduction analyses that the costs were reduced by changes in both 
the plasmids and the chromosome. Plasmid loss due to segregation was not 
observed but resistance markers were however lost from a fraction of the R1 
plasmids. 
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FOSFOMYCIN RESISTANCE IN ESCHERICHIA COLI 
A. I. Nilsson1,2 and D. I. Andersson1 
Swedish Institute for Infectious Disease Control. Dept. of Bacteriology. S-
17182 SOLNA. SWEDEN1. Karolinska Institutet. MTC. S-17177 
STOCKHOLM. SWEDEN2 
  

Fosfomycin is a cell wall inhibitor that is used to treat urinary tract 
infections. Resistance to fosfomycin is mainly conferred by mutations in the 
two transport systems, GlpT and UhpT. Fosfomycin resistance is clinically 
found in <1% of uropathogenic E. coli. This is unexpected in view of the high 
mutation frequency to fosfomycin resistance in vitro.   Fosfomycin resistant E. 
coli isolated in vitro had mutations in cya and ptsI and more rarley in glpT and 
uhpT. The biological cost of resistance was estimated by measuring growth 
rates in LB and urine. Resistant strains exhibited decreased growth rates, 
which might explain why fosfomycin resistant isolates are rare in vivo. 
Resistant E. coli were also isolated from patients with an urinary tract 
infection. In these isolates, mutations were found in the glpT, uhpT and uhpA 
genes. The only glpT mutation found was accompanied by a mutation in the 
uhpA gene and associated with high-level fosfomycin resistance. This suggests 
that in vivo, resistance mutations are acquired in a step-wise manner where 
mutations in the uhpT/uhpA genes confer moderate resistance and subsequent 
mutations in the glpT gene further increase resistance. Mutations in the cya and 
ptsI genes were not found in the clinical isolates.  
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ADAPTIVE EVOLUTION OF SALMONELLA IN MICE 
A. I. Nilsson1,2 , E. Kugelberg1,2  and D. I. Andersson1 
Swedish Institute for Infectious Disease Control. Dept. of Bacteriology. S-
17182 SOLNA. SWEDEN1. Karolinska Institutet. MTC. S-17177 
STOCKHOLM. SWEDEN2.  
 

Mutation rate and population size are two important factors that determine 
the rate of adaptation to new environments. We estimated the influence of 
these factors on the rate of adaptation of S. typhimurium in mice. Eighteen 
independent bacterial lineages were serially passaged in Balb/c mice. Four 
different combinations of mutation rate and population size were tested; high 
mutation rate and large population size, high mutation rate and small 
population size, low mutation rate and large population size, and low mutation 
rate and small population size. A high mutation rate was obtained by using a 
mutS mutator strain. Population size was altered by using a bottle-neck of 
either 104 or 106 cells. Adaptation of the different lineages to growth in mice 
was estimated by pair-wise competition assays between the evolved and 
parental strains. For all lineages the evolved populations had an increased 
fitness compared to the parental wild type strain. The rate of increase in fitness 
was most extensive for the high mutation rate lineages wheras the final fitness 
was similar for all lineages. All lineages had maintained the mutation rate of 
the parental strain with exception of one lineage where the initially low 
mutation rate had increased approximately 15 fold.  
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FLUOROQUINOLONE RESISTANCE IN PSEUDOMONAS 
AERUGINOSA 
E. Kugelberg1,2 and D. I. Andersson1 

Swedish Institute for Infectious Disease Control. Dept. of Bacteriology. S-
17182 SOLNA. SWEDEN1. Karolinska Institutet. MTC. S-17177 
STOCKHOLM. SWEDEN2.  
 

Fluoroquinolones are important antibiotics for treatment of Pseudomonas 
aeruginosa infections. We isolated P. aeruginosa mutants resistant to 
norfloxacin to study the biological costs of resistance. Mutants were isolated 
on different concentrations of norfloxacin. We compared the fitness of the in 
vitro isolated mutants with clinical isolates from cystic fibrosis patients. 
Fitness was determined by measuring growth rates in LB broth and biofilm 
formation. Fast growing compensated mutants were isolated from low-fitness 
resistant clones after serial passages in LB medium. Resistance mutations were 
identified by sequencing the genes: gyrA, gyrB, parC and parE as well as the 
regulatory genes for two efflux systems: nfxB and mexR. Resistance mutations 
were found in gyrA and gyrB and additional mutations in mutants with high-
level of resistance were identified in parC, parE and nfxB. Resistant mutants 
generally showed a fitness cost positively correlated to the minimal inhibitory 
concentration. Slow-growing mutants rapidly accumulated compensatory 
mutations that restored the growth rate to the wild-type level without loss of 
resistance. In conclusion, most resistant mutants did exhibit a reduced fitness 
and resistant bacteria could genetically adapt to these costs without loss of 
resistance.  
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CRYPTIC STREPTOMYCIN RESISTANCE IN SALMONELLA 
TYPHIMURIUM LT2 
I. Gustafsson, A. Syk and D. I. Andersson 
Uppsala university, Clinical Bacteriology, Uppsala1, Swedish Institute for 
Infectious Disease Control. Dept. of Bacteriology. S-17182 SOLNA. 
SWEDEN2.  
 

High-level streptomycin (Sm) resistance in S. typhimurium is typcially 
caused by a mutations in the ribosomal protein S12 (encoded by the rpsL
gene). These types of mutants have all been isolated under a constant Sm 
concentration, i.e. on agar plates with a high concentration of Sm, and it is 
unclear if other selection regimes might result in selection for other types of 
mutants. We used a kinetic model to isolate mutants under conditions where 
the Sm concentration was fluctuating, thus mimicking an in vivo treatment 
situation. We found a new type of SmR mutant whose resistance was caused 
by mutations in a trans-acting negative regulator of the normally cryptic aadA
gene. The aadA gene, part of the superfamily of aminoglycoside-modifying 
enzymes, encodes an adenyl transferase that is normally present in integrons, 
plasmids and transposons and which confer resistance to Sm and 
spectinomycin by adenylation of the antibiotic.  



52 

ABSTRACT 30
 
CO-AMPLIFICATION OF DINB AND LAC ALLOWS MUTAGENESIS 
IN THE CAIRNS EXPERIMENT. 
E.S. Slechta,  K.L. Bunny, and J.R. Roth.   
Section of Microbiology, University of California-Davis, Davis, CA, USA 
 

In the Cairns system, selective stress stimulates lac reversion by a multi-
step process.  Cells with a lac duplication initiate clones within which further 
lac amplification allows faster growth and ultimate reversion.  During growth 
of the clone prior to reversion, the error-prone DinB polymerase is induced 
(SOS response) and causes general mutagenisis (50x).  This mutagenesis is 
neither required nor sufficient for lac reversion.  Simple induction of dinB is 
not mutagenic and only 10% of lac revertants experience.  The lac operon 
must be located on F'128, if selection is to stimulate both reversion and 
mutagenesis.   

We suggest that mutagenesis requires co-amplification of dinB with lac
(as well as SOS induction by fragments released from the amplified array).  
The dinB gene is located about 16kb away from lac on F'128 (and about 100kb 
away in the chromosome).  We argue that 10% of developing revertants 
amplify a lac segment that includes dinB and experience mutagenesis.  
Previous data shows that DinB becomes mutagenic only when overproduced.   
Amplification allows DinB-dependent mismatches to saturate the MMR 
system and becomes mutagenic.  This incidental mutagenesis helps speed 
reversion in this system. 
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LESS EFFICIENT TRANSLATION INITIATION BALANCES SLOW 
TERMINATION. 
M. Rydén-Aulin and M. Kaczanowska  
Depatment of Microbiology, Stockholm University, Stockholm, Sweden.  
 

Translation termination takes place when a stop codon enters the 
ribosomal A-site. The process is triggered by one of two release factors, RF1 
and RF2. A third factor, RF3, recycles RF1 and RF2 in a GTP-dependent 
manner. We have a mutant form of RF1 that is temperature sensitive (Ts) for 
growth. The mutant factor has been shown to cause slower translation 
termination than wildtype RF1. We hypothesize, that the Ts phenotype is 
caused by queuing ribosomes on the message. This will eventually lead to 
starvation for ribosomes in the cell and death. We have selected suppressors of 
the Ts phenotype, two of which will be presented here. One of the mutations is 
a small deletion of the initiation codon for the orf yrdC, most likely leading to 
no expression of the protein. Others have shown that this protein binds 
dsRNA, and it has been suggested to be involved in protein synthesis in yeast. 
The other suppressor is a point mutation in the transcription terminator for the 
rplM-rpsI-operon that codes for the ribosomal proteins L13 and S9. Both of 
these mutations affect maturation of 16S rRNA; accumulation of 17S rRNA 
can be observed. We have shown that 30S subunits with 17S rRNA are 
inactive and therefore, fewer ribosomes that can initiate protein synthesis are 
available. We suggest that suppression of the Ts phenotype is obtained by 
restoration of the balance between translation initiation and termination. We 
will present data describing the mutations and experiments in support of our 
theory.  
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STABLE COEXISTENCE OF SEPARATE REPLICONS IN 
ESCHERICHIA COLI IS DEPENDENT ON A REGULATORY 
CIRCUIT THAT MAINTAINS INITIATION ONCE, AND ONLY 
ONCE, PER CELL CYCLE. 
K. Skarstad and A. Løbner-Olesen 
Department of Cell Biology, Institute for Cancer Research, The Norwegian 
Radium Hospital, 0310 Oslo, Norway and Dept. Of Life Sciences and 
Chemistry, Roskilde University, DK-4000 Roskilde Denmark 
 

DNA replication in most organisms is regulated such that all 
chromosomes are replicated once, and only once, per cell cycle. In rapidly 
growing Escherichia coli, replication of eight identical chromosomes are 
initiated simultanously, each from the same origin, oriC. Plasmid-borne oriC
sequences (minichromosomes) are also initiated in synchrony with the eight 
chromosomal origins. We demonstrate that specific inactivation of newly 
formed, hemimethylated origins (a prosess termed sequestration), was required 
for the stable coexistence of oriC dependent replicons. Sequestration was 
required to prevent new origins from entering a competition for initiation 
factors. Cells in which initiations were not confined to a short interval in the 
cell cycle could not support stable coexistence of several oriC dependent 
replicons. This was true for cells carrying mutations in replication genes as 
well as for cells expressing excess initiator protein. The results show that the 
stable coexistence of separate oriC dependent replicons is dependent on both a 
period of sequestration that is longer than the initiation interval, and a 
reduction of the initiation potential during the sequestration period.  These 
regulatory requirements are the same as those required to confine initiation of 
each replicon to once, and only once, per cell cycle. 

 



55 

ABSTRACT 33
 
DNA LIGASE: A TARGET FOR FINDING NEW ANTIBACTERIAL 
DRUGS 
L. Miesel, C. Kravec, S. Ma, P. McMonagle, and R. Palermo. 
Schering-Plough Research Institute, Kenilworth, NJ, USA 
 

NAD+-dependent DNA ligase is required for replication and repair of the 
bacterial chromosome. The ligase gene is universally distributed among the 49 
bacterial genomes analyzed implying that a broad-spectrum agent may be 
possible.  Conditional mutants of E. coli and S. aureus experience rapid cell 
death at the nonpermissive condition suggesting that a ligase inhibitor may 
have bactericidal properties.   

The prototypical bacterial ligase couples NAD+ hydrolysis to the catalysis 
of phosphodiester bond formation between an adjacent 3’OH and 5’-terminal 
phosphate of nicked duplex DNA. The first step in the mechanism is the 
reversible formation of a covalent ligase-adenylate intermediate and 
nicotinamide mononucleotide (NMN) from apoenzyme and NAD+.  Since 
eukaryotic ligases use ATP as the adenylyl donor we developed an assay for 
the adenylation reaction to identify inhibitors that are specific for bacterial 
ligase.  Nucleotide analog inhibitors of the adenylation assay were identified 
from a set of 640 commercially available compounds.   These compounds also 
inhibited E. coli ligase in an assay of the complete DNA ligation reaction (Ki

1-3 µM). Though only weak inhibitors were identified from this initial screen, 
selective and potent compounds are expected to be generated and are 
anticipated to have broad-spectrum bactericidal activity. 
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PROBING IN VIVO CHROMOSOME STRUCTURE OF 
SALMONELLA TYPHIMURIUM. 
N. Garcia-Russell, T. Harmon, N. Amaladas, R. Mathewson and A. Segall. 
San Diego State University, Department of Biology and Center for Microbial 
Sciences, San Diego, CA. 

 
We use bacteriophage lambda site-specific recombination as a probe to 

better understand the 3-dimensional organization of the Salmonella 
Typhimurium chromosome. We are determining if an episome has equal 
access to all chromosomal locations, if all chromosome sequences have equal 
access to each other, and how cell physiology affects recombination. The 
recombination substrates (attL and attR) are integrated at different locations of 
the chromosome. After we induce the expression of the recombination proteins 
Int and Xis, recombination is assayed by PCR. In general, att sites in the 
chromosome have easier access to an episomal att site than to another att site 
in the chromosome. Moreover, our results show that in exponentially growing 
cells all locations are not equally accessible to each other. Neither the interval 
size nor the accessibility of each chromosomal endpoint are the only factors 
that determine the efficiency of recombination. The more important factor is 
the specific combination of endpoints. During stationary phase (48h growth) 
recombination is severely decreased and no recombination is observed in late 
stationary phase (72h growth). However the level of recombination is partially 
restored when Mg2+ is added to the liquid culture 24-48h before induction of 
recombination. Our results suggest that chromosomal DNA in Salmonella is 
not present in a totally "fluid" state but rather is organized in some fashion. 
This organization is affected by changes in cell physiology during stationary 
phase, and by DNA binding proteins such as Dps, as shown by the Mg2+ 
enrichment experiment. 
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WHY THE "TRIS BUFFER" MATTERS?: SPERMIDINE CONTROLS 
HOLLIDAY JUNCTION ISOMERIZATION IN PHAGE LAMBDA 
SITE-SPECIFIC RECOMBINATION 
J. L. Boldt, G. C. Cassell, K. Kepple and A. M. Segall,  
Department of Biology and Molecular Biology Institute, San Diego State 
University, San Diego, California, USA, 92182. 
 

Phage lambda Integrase (Int) is a member of a large family of tyrosine 
recombinases present in phages and bacteria as well as eukaryotic cells and 
viruses. Holliday junctions are the central intermediates of these rearrangement 
reactions. 

 
An outstanding question in the field is how intermediates are processed in 

such a way as to drive the recombination reaction forward, since no high 
energy co-factors are required. The Holliday junction is a particular enigma, as 
it is a nearly symmetric intermediate. We have found that spermidine, a 
stimulator of Int-mediated recombination, affects Holliday junction 
isomerization during the recombination reaction. We are currently using a 
DNA-cleaving iron chelate compound (Fe-BABE) conjugated to a modified 
Int protein in a footprinting assay to further understand the isomerization 
process. 
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ADDING PHENOTYPIC TESTS TO THE INTEGRATED ANALYSIS 
OF ESCHERICHIA COLI. 
R.A. LaRossa  
Central Research and Development, DuPont Company, Wilmington, DE, USA  
 

The sequencing of bacterial and yeast genomes has created multiple 
opportunities for the comprehensive evaluation of genetic function. We have 
previously investigated methods for global expression profiling using highly 
parallel gene fusion and hybridization technologies in several organisms 
including Escherichia coli, cyanobacteria and yeast. The production, 
sequencing and culling of a genome-wide collection of E. coli
promoter::luxCDABE operon fusions had been most useful. In addition we 
have obtained a comprehensive collection of yeast knockout mutants as well as 
a genome scale collection of sequenced E. coli gene disruptions. Means for the 
massive phenotyping of such vast mutant collections have been prototyped. 
Our ability to store, recall and integrate such information, a significant issue, 
has required collaboration among the biological and computational 
communities. As an example, we report the pleiotropy of rpoS, relA and oxyR
mutants of E. coli with a set of nearly 2000 distinct phenotypic tests. 
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PHENOTYPE MICROARRAYS TO PHENOTYPE E. COLI AND 
OTHER MICROBIAL STRAINS 
B. R. Bochner1, X. Lei1, L. Zhou2, and B. Wanner2  
1Biolog, Inc., Hayward, CA, USA 
2.Dept. Biol. Sci., Purdue University, West Lafayette, IN, USA 
 

Phenotype MicroArray (PM) technology allows a biologist to test 2,000 
properties (phenotypes) of a cell.  Testing involves about 30 minutes of actual 
labor and 24 to 48 hours of incubation.  The phenotypic assays are designed 
from a physiological perspective to survey in vivo, the function of diverse 
biological pathways, including both metabolic and regulatory pathways.  
Included in the phenotypes are basic cellular nutritional pathways for C, N, P, 
and S metabolism (800 tests), pH growth range and regulation of pH control 
(100 tests), sensitivity to NaCl and various other ions (100 tests), and 
sensitivity to chemical agents that disrupt various biological pathways (1,000 
tests).  PM technology can be used to complement genetics and genomics.  A 
change in genotype of a cell should lead to one or more changes in phenotype, 
if the gene has a real function.  PMs allow testing of knockout or 
overexpression mutants to discern the biological changes that occur 
consequent to genetic changes.  Examples will be discussed primarily using 
Escherichia coli as a model.  We also have varying degrees of experience with
Salmonella typhimurium, Pseudomonas aeruginosa, Burkholderia cepacia, 
Vibrio cholerae, Helicobacter pylori, Staphylococcus aureus, Streptococcus 
pyogenes, Enterococcus faecalis, Listeria monocytogenes, Bacillus subtilis, 
Bacillus cereus, Corynebacterium striatum, Saccharomyces cerevisiae, 
Candida albicans, Ustilago maydis, and Aspergillus nidulans. Prototype PMs 
have also been developed for human cells. 
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GLOBAL GENE EXPRESSION IN ESCHERICHIA COLI IS 
DEPENDENT ON GENE DOSAGE AND CHROMOSOME 
STRUCTURE. 
M. G. Marinus1, A. Løbner-Olesen2, F. G. Hansen2 

1Univ. Mass Medical School, Worcester MA and 2Technical Univ. of 
Denmark, Denmark 
 

High density oligonucleotide arrays were used to monitor global 
transcription patterns in E. coli with various levels of Dam and SeqA proteins. 
Cells lacking Dam methylase showed an increase in transcription of the genes 
comprising the SOS regulon. Bacteria devoid of the SeqA protein, which 
preferentially binds hemimethylated DNA, were found to have a 
transcriptional profile almost identical to wildtype bacteria overexpressing 
Dam methylase. The seqA and Dam-overexpressing cells differed from 
wildtype in two ways. First, an increased frequency of origin proximal genes 
was reflected in increased transcription of the same genes, suggesting the 
majority of E. coli genes are transcribed in proportion to their gene dosage. 
Second, our results indicate that chromosomal domains of intense 
transcriptional activity alternate with regions of low activity, and that the 
activity in each domain is modulated by SeqA deficiency or Dam 
overproduction.  This is consistent with a role for SeqA in forming and 
maintaining chromosome structure. 
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SUPPRESSION OF TRANSCRIPTIONAL POLARITY BY 
TRANSCRIPTION OR TRANSLATION REINITIATION IN THE 
HISTIDINE OPERON OF SALMONELLA 
M. R. Pasca*, R. Bianco*, A. La Teana§, C. O. Gualerzi#, and M. S. Ciampi*  
*DAPEG, Sezione di Genetica, University of Bari, Bari, Italy; §Dept. of 
Biology, University of Ancona, Ancona, Italy; #Dept. of Biology, University of 
Camerino, Camerino, Italy 
 

We are studying suppression of transcriptional polarity in the histidine 
(his) operon of Salmonella typhimurium. Transcriptional polarity is a kind of 
regulatory mechanism used by prokaryotes to prevent the synthesis of unused 
transcripts, in response to translation termination events within the operon. 
This response consists in the activation of cryptic Rho-dependent terminators, 
embedded in the coding sequence of operons genes, with consequent 
premature termination of transcripts and prevented expression of the 
downstream genes. 
 We have isolated mutants suppressed in transcriptional polarity in the 
his operon of Salmonella, in the attempt of characterizing Rho-dependent 
terminators located within the hisG and the hisC genes of the operon. The 
histidine operon revealed to be a very suitable system for the isolation and 
characterization of polarity relief mutants and it provided several classes of 
mutants, in addition to mutants in Rho-dependent termination. Some of the 
mutants isolated carry single base pair substitutions activating new promoter 
sites between hisG and hisD, the first and second gene of the operon. A second 
class of mutants restores translation by the creation of a new attachment site 
for ribosomes in the promoter proximal part of hisG. Mutants resuming 
transcription or translation were also found at a secondary promoter site 
located in hisC, the third gene of the operon and in the ribosome attachment 
site of the following gene, hisB, respectively. 
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CHI-ASSISTED LINEAR RECOMBINATION INTO THE 
SALMONELLA CHROMOSOME  
R. A. Edwards  
University of Tennessee , Memphis, TN, USA 
 
Bioinformatic analysis of the Salmonella typhimurium chromosome showed a 
skew in nucleotide usage between the leading strand and lagging strand of 
DNA replication. This skew revealed three sequences that were reminiscent of 
the chi sequence in E. coli. These three sequences can be used to promote 
linear recombination into the Salmonella genome without the expression of 
any extraneous genes. Data will be presented to suggest that the recombination 
frequency is dependent on the length of the fragment, but not necessarily on 
the length of homology. This technique could be widely applicable to a range 
of genomes, and may provide a simple mechanism for genetic manipulation of 
otherwise intractable genomes. 
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RECOMBINEERING WITH OVERLAPPING ssDNA 
OLIGONUCLEOTIDES 
J. A. Sawitzke, D. Yu, H. Ellis and D. L. Court 
NCI, Frederick, MD USA 
 

We have been developing a phage λ-based recombination system, 
recombineering, that can be used for high efficiency mutagenesis, repair, and 
engineering of chromosomal, plasmid, or BAC DNA in E. coli. The λ Red 
system requires as few as 35 bp of homology and can utilize PCR products 
(dsDNA), or ssDNA oligos for recombination. When PCR products are used, 
redα (Exo), redβ (Beta), and gam (Gam) gene products are required for 
efficient recombination. The traditional model for Red recombination states: 1) 
Gam inhibits the host RecBCD activity preserving the DNA substrate for 
recombination 2) Exo degrades the DNA in a 5’→3’ direction creating dsDNA 
with 3’ ssDNA tails on each end and 3) Beta binds to these 3’ overhangs and 
anneals them to complementary sequences to complete the recombination 
event. We tested this model by co-electroporating complementary oligos with 
ssDNA 3’ overhangs to approximate the recombination intermediate that Exo 
should create. This substrate recombined and required only Beta. Surprisingly, 
a substrate with 5’ overhangs recombined more efficiently but required both 
Exo and Beta. Multiple overlapping oligos have be used to generate 
recombinants, a technique that could prove useful for many genetic 
engineering procedures. Models for Red recombination will be discussed. 
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A BACTERIAL TWO-HYBRID SYSTEM BASED ON A CAMP 
SIGNALING CASCADE IN ESCHERICHIA COLI 
D. Ladant, G. Karimova and A. Ullmann* 
Institut Pasteur, Dept. of Structural Biology and Chemistry,  
28 rue du Dr. Roux 75015 Paris, France 
 

A bacterial two-hybrid system that allows a rapid and easy in vivo
screening and selection of functional interaction between two proteins, will be 
described. This genetic test is based on the reconstitution, in an Escheria coli
adenylate cyclase deficient strain, of a signal transduction pathway that takes 
advantage of the positive control exerted by cAMP. Two putative interacting 
proteins are genetically fused to two complementary fragments, T25 and T18, 
that constitute the catalytic domain of Bordetella pertussis adenylate cyclase. 
When the two fragments are coexpressed as independent polypeptides in E. 
coli, they are unable to interact and no cAMP synthesis occurs. Association of 
the two interacting proteins fused to T25 and T18, results in functional 
complementation between the two adenylate cyclase fragments and leads to 
cAMP synthesis, a regulatory molecule in E. coli. Cyclic AMP then triggers 
transcriptional activation of several E. coli resident genes, that yields a 
characteristic phenotype which can be scored either on indicator plates or on 
selective media. Since this assay involves a signaling cascade, one can select 
specific clones expressing a protein that interacts with a given target, by a 
simple genetic test. In addition, it permits a versatile design of screening 
procedures either for ligands that bind to a given "bait", or for molecules or 
mutations that block a given interaction between two proteins of interest. 
Using this genetic screen, it can be anticipated that this system could be 
particularly suitable to analyze colocalization of given proteins within 
multimolecular assemblies. 
 
References: 
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FROM THE GENETECIST’S TOOLBOX: IN VIVO APPLICATIONS 
FOR TEV PROTEASE 
M. Ehrmann,  
Biosi-2, Cardiff University, U.K. 
 

Tobacco Etch Virus (TEV) protease recognizes a seven amino acid 
consensus sequence, Glu-X-X-Tyr-X-Gln-Ser, where X can be various amino 
acyl residues. Cleavage occurs between the conserved Gln and Ser residues. 
Because of its distinct specificity, TEV protease can be expressed in living 
cells without interfering with viability. Polypeptides, which are not a natural 
substrate of TEV protease are proteolyzed if they carry the appropriate 
cleavage site. Thus, this protease can be used to study target proteins in their 
natural environment in vivo, as well as in vitro.  

We will discuss the use of various constructs from which the protease is 
expressed. These constructs allow various cellular localisations of TEV 
protease such as the cytoplasm, the ribosome, the periplasm and the external 
medium. We show, using different target proteins (SecA, a MBP-PhoA fusion 
and TolC) that such modified proteins can be cleaved in vivo and in vitro by 
TEV protease.  

Possible applications of the site specific proteolysis approach include 
topological studies of soluble and outer membrane proteins; protein
inactivation, insertion mutagenesis experiments and protein tagging.  
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REPORTER CRIM SYSTEM FOR LARGE-SCALE REPORTER 
FUSION ANALYSIS 
L. Zhou and B. L. Wanner 
Dept. Biol. Sci., Purdue University, West Lafayette, IN, USA 
 

We have previously described conditional-replication, integration, and 
modular (CRIM) plasmids for construction of lacZ reporter fusions.  These 
reporter CRIM plasmids have all the advantages of traditional lacZ cloning 
vectors mentioned as well as other advantages.  They have the Π replication 
origin of R6K that requires the trans-acting Π protein for replication.  So, they 
are propagated in special hosts that synthesize Π from a chromosomal pir
gene.  CRIM plasmids also have a phage attachment (attP) site, which allows 
them to be integrated into (or retrieved from) a bacterial attachment (attB) site 
of normal (non-pir) hosts at ease. Integration and retrieval occur by site-
specific recombination by supplying the phage integrase (Int) protein without 
or with excisionase (Xis) in trans from CRIM helper plasmids. 

We have now extended this technology by development of special low 
copy number conjugative plasmids carrying att sites. These permit easy 
transfer of reporter CRIM plasmids between strains to test for mutational 
effects on fusion expression.  We have also developed methods based on the 
phage λ Red recombinase to construct reporter fusions in vivo without the use 
of restriction enzymes.  We are in the process of using this system to create a 
bank of all E. coli promoter-reporter fusions. 
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ELVIS IS DEAD 
K. Mattison & L. J. Kenney,  
Oregon Health & Science University, Portland, OR, USA 
 

OmpR is the response regulator of a two-component regulatory system 
that controls the expression of the porin genes ompF and ompC in Escherichia 
coli.  This regulator consists of two domains joined by a flexible linker region.  
The amino terminal domain is phosphorylated by the sensor kinase EnvZ and 
the carboxyl terminal domain binds DNA via a winged helix-turn-helix motif.  
In vitro studies have shown that amino terminal phosphorylation enhances the 
DNA binding affinity of OmpR and conversely, DNA binding by the carboxyl 
terminus increases OmpR phosphorylation.  The linker region contributes to 
this communication between the two domains of OmpR.  Changing the 
specific amino acid composition of the linker alters OmpR function, as does 
increasing or decreasing its length.  Three linker mutants give rise to an 
OmpF+ OmpC- phenotype, but the defects are not due to a shared molecular 
mechanism. Currently, functional homology between response regulators is 
predicted based on similarities in the amino and carboxyl terminal domains.  
The results presented here indicate that linker length and composition should 
also be considered.  Furthermore, classification of response regulators in the 
same sub-family does not necessarily imply that they share a common 
response mechanism. 
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TRANSCRIPTION REGULATION OF THE GENE FOR RELEASE 
FACTOR ONE  
M. Rydén-Aulin and A. Dahlgren  
Department of Microbiology, Stockholm University, 106 91 Stockholm, 
Sweden  
 

Translation termination takes place when a stop codon enters the A-site of 
the ribosome. In prokaryotes this is mediated by one of two release factors 
(RF) with RF1 specific for UAG and UAA and RF2 specific for UGA and 
UAA. A third factor, RF3, is required for GTP-dependent recycling of RF1 
and RF2. prfA, coding for RF1, is the second gene in a multi-gene operon 
starting with hemA, coding for a protein involved in heme-synthesis. The 
operon is transcribed from two promoters, p2 and p1, with p1 being the major 
promoter. Not much is known about regulation of prfA. One study has shown 
that the protein concentration is correlated to growth rate, like most of the 
translation machinery. We are studying the regulation of the hemA-prfA-
operon on the transcriptional level. We have found an effect by growth rate on 
p1, our result correlates well to the effect on the protein level that has been 
published. We have also characterized a mutation, asuA2, changing a G to an 
A in position –7, next to the –10 box of p1. This mutation abolishes the growth 
rate control. These results make us believe that most of the growth rate control 
of prfA is expressed at p1. We will present these data and also data studying 
the effect of growth phase and temperature on the regulation of the hemA-
prfA-operon.  
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EVOLUTION OF PROTEIN FOLDING: DISTRIBUTION OF THE 
CHAPERONING SYSTEMS IN THE THREE PHYLOGENETIC 
DOMAINS 
E. Conway de Macario, and A. J. L. Macario 
Wadsworth Center, New York State Department of Health; Department of 
Biomedical Sciences, The University at Albany (SUNY); Albany, New York, 
USA 
 

Anti-stress mechanisms were studied including the chaperoning systems: 
molecular chaperone machine (Hsp70(DnaK), Hsp40(DnaJ), GrpE), 
chaperonins I (GroEL/S) and II (thermosome; CCT), and prefoldin. In 1991-4 
hsp70(dnaK), hsp40(dnaJ), and grpE genes were cloned and sequenced for the 
first time from an organism of the domain Archaea. The systems were also 
studied in other organisms. For years it was believed that GroEL/S existed 
only in bacteria, and in eukaryotic-cell organelles: mitochondrion and 
chloroplast. Recently, GroEL/S were discovered in an archaeon, 
Methanosarcina acetivorans contrary to the current dogma. Earlier, it had been 
found that only some archaeal species possess the molecular chaperone 
machine, whereas bacteria and eukaryotes have it without any known 
exception. M. acetivorans has GroEL/S and the other three chaperoning 
systems. It is, therefore, the first organism discovered that contains the four 
systems in a single compartment, the cytosol, with their genes in its single 
chromosome. Remarkably, the M. acetivorans chromosome has five hsp60 
genes encoding Hsp60 proteins—in addition to GroEL. Two are thermosome’s 
alpha and beta subunit homologs, but the identity of the other three is less 
clear. Do they form a thermosome of five different subunits resembling the 
human equivalent that has eight subunits? If so, M. acetivorans would be 
unique among prokaryotes because of its chaperonin’s complexity, which 
approximates that of human cells. This and alternative possibilities are 
currently under investigation. 
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AN AMINO ACID SUBSTITUTION IN A RHODANESE-RELATED 
SULFURTRANSFERASE OF SALMONELLA TYPHIMURIUM
SUPRESSES A +1 FRAMESHIFT MUTATION. 
 P. Chen and G. R. Björk 
Department of Molecular Biology, Umea University, SE-901 87 Umea, 
Sweden  
 

ThesufY204 mutation is dominant mutation that suppresses the hisC3737
mutation. Sequencing revealed that the hisC3737 mutation was the result of a 
C insertion in the coding sequence (C-CCC-CAA-UAA, bold C indicates 
inserted base, triplet showing codons in zero frame) of the hisC gene. We show 
here that the sufY204 mutation is a G to A substitution in the sufY gene, 
resulting in a Gly to Glu alteration of the SufY protein. Computer analysis 
revealed sequence similarity with rhodanese-related sulfurtransferases. Using a 
plasmid system, we showed that +1 frameshifting occurred only at C-CCC-
CAA, but not at C-CCC-CAU, C-CCC-CAG or C-CCC-CAC sequences. 
HPLC analysis of modified nucleosides of total tRNA indicated that the 
sufY204 tRNA had a compound that was not present in the wild type tRNA. 
The +1 frameshifting at C-CCC-CAA sequence was mediated by a proline 
tRNA reading the CCC codon. The current hypothesis is that the mutation in 
sufY gene changes the structure of the glutamine tRNA reading the CAA 
codon, resulting in a poor selection at this codon in the ribosomal A site. Such 
a slow entry at the A site results in a pause, which allows P site proline tRNA 
to frameshift.  
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LOCALIZED TRANSLATION:  A MECHANISM THAT ALLOWS 
FOR THE CONSTRUCTION OF MULTIPLE FLAGELLA AT 
DIFFERENT STAGES OF COMPLETION. 
K. T. Hughes, P. Aldridge, H. Bonifield J. Gnerer, J. Karlinsey 
Department of Microbiology, University of Washington, Seattle, WA, USA 
 

Salmonella enterica is peritrichously flagellated possessing 6 – 10 
individual flagella per cell.  As the cell divides and continues to grow new 
flagella structures are initiated. Thus, during steady state growth different 
flagella will be at different stages of development.  We present evidence for a 
mechanism that allows the cell to regulate the assembly of individual flagella 
that are at different stages in the assembly process.  This mechanism involves 
an RNA signal at the 5’ end of flagellar mRNA sequences that acts to regulate 
translation of specific flagellar genes in a manner to target these mRNA 
sequences for localized translation at the base of individual flagella.  We have 
recently shown that the FljA protein inhibits both the transcription and 
translation of fliC.  Analysis of potential mRNA secondary structures in the 
wild-type fliC 5’UTR sequence revealed two stem-loop structures followed by 
two mutually exclusive stem-loop structures of equal energies.  Mutants in the 
5’-UTR were isolated that allowed fliC transcription and translation in the 
presence of FljA.  These mutants were located to one of the competing stem-
loop structures.  One mutant, a 5 base insertion, exhibited a dominant-negative 
phenotype in that it prevented the expression of the second filament gene fljB.  
This suggested that the 5’UTR might play a role in flagellin assembly.
Replacement of the chromosomal promoter for the flagellar filament gene, 
fliC, with the tetA promoter and structural gene, results in a PtetA-tetA-fliC
operon fusion.  With only 2 or 10 bases between tetA and fliC, transcription 
and translation of fliC occurred.  However, the efficient assembly of translated 
FliC protein into the external filament structure required the 5’-untranslated 
region (5’-UTR) of fliC mRNA to be included between the tetA and fliC
structural genes.  Localized mutagenesis of the fliC 5’-UTR was used to isolate 
base changes that were defective in transcription only, translation only and 
FliC assembly only in the absence of FljA.  Transcription-defective mutants 
were in the fliC promoter sequences, translation-specific mutants were in the 
ATG start site, and assembly mutants were located in two stem-loop structures 
at the very 5’ end of the fliC UTR.  These results suggest that FljA binds the 
fliC 5’UTR to stabilize an attenuator stem-loop structure and inhibit translation 
of transcripts that are not attenuated.  In the absence of FljA, the fliC mRNA is 
targeted for translation and secretion by the very 5’ end of the UTR. 
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SWARMING MOTILITY – A MOVING TARGET 
S. Mariconda, A. Toguchi and R. M.  Harshey 
University of Texas at Austin, Austin, TX USA 
 

Swarming motility plays an important role in surface colonization by 
several flagellated bacteria. Swarmer cells are specially adapted for surface 
translocation by virtue of their increased flagella, longer length and 
encasement of ‘slime’. The chemotaxis pathway is essential for swarming in S. 
typhimurium. However, chemotaxis is not required. We have determined that a 
constitutively active form of CheY is sufficient to confer swarming ability in 
the absence of other chemotaxis components, suggesting that CheY-P controls 
swarming behavior. Isolation of suppressor mutations that confer gain-of-
function in a ? cheYZ background have led to FliM, the switch protein with 
which CheY interacts. These results lead us to propose the following model to 
explain why mutations in all che genes produce a non-swarming phenotype. 
We suggest that the CCW/CW motor ‘set point’ is different on a surface. Here, 
the default state of the motor is ‘off’ (eg. in cheA, cheY and cheR). At CheY-P 
levels found in wild-type cells, motors turn CCW and cells move. Higher 
levels of CheY-P (eg. in cheB or cheZ) cause CW rotation which interferes 
with flagellar bundling and motility. Data from gene array experiments is 
helping us understand why Che mutants lack the increased flagellation seen in 
wild-type swarmer cells.  
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INCREASED SENSITIVITY TO OXIDATIVE STRESS IN FUSIDIC 
ACID RESISTANT SALMONELLA ENTERICA.  
D. Hughes1, M. Maèvanin1, N. Erjavec1, J. Björkman2, D. I. Andersson2, S. 
Eriksson3 and M. Rhen3.  
1Department of Cell and Molecular Biology, The Biomedical Center, Uppsala 
University, S-751 24 Uppsala, Sweden.  
2Department of Bacteriology, Swedish Institute for Infectious Disease Control, 
S-171 82 Solna, Sweden. 
3Microbiology and Tumour Biology Center, Box 280, The Karolinska Institute, 
S-171 77 Stockholm, Sweden.  
 

Fusidic acid resistance mutations (FusR) in the protein synthesis factor 
EF-G reduce Salmonella enterica serovar Typhimurium fitness in vitro and in 
vivo. FusR mutants selected for high fitness under standard in vitro growth 
conditions (GRC, growth rate compensated) still exhibit severe fitness defects 
in vivo. GRC FusR mutants are hypersensitive to hydrogen peroxide both in 
vivo and in vitro and they have reduced levels of catalase. GRC FusR mutants 
can be similarly ranked in relative fitness in mouse infection models, in a 
macrophage infection model, and in their relative sensitivity to hydrogen 
peroxide in vitro. GRC FusR mutants also produce reduced levels of the 
transcription regulatory molecule ppGpp on the ribosome in response to 
starvation. The link between FusR mutant EF-G and reduced fitness in vivo
may thus be mediated, at least in part, through the transcriptional regulation of 
catalase and peroxidase levels by ppGpp. These results emphasise that the 
potential effects of antibiotic resistance mutations on bacterial fitness need to 
be assessed in relevant environments 
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COMPENSATORY ADAPTATION TO THE FITNESS COSTS OF 
ANTIBIOTIC RESISTANCE 
S. Maisnier-Patin and D. I. Andersson 

Swedish Institute for Infectious Disease Control. Dept. of Bacteriology. S-
17182 Solna, Sweden. 
 
Mutations that cause antibiotic resistance usually impose fitness costs on the 
bacteria. This cost can often be reduced by compensatory mutations. In S.
typhimurium, a few mutations in the rpsL gene can confer resistance to 
streptomycin. The resulting amino acid substitutions in ribosomal protein S12 
cause an increased rate of ribosomal proof-reading and as a consequence the 
rate of protein synthesis, bacterial growth and virulence are decreased. Several 
independent lineages of one low-fitness, mutant were evolved in the absence 
of antibiotic to reduce the costs. The rate of compensatory mutations was 
estimated to ≥10-7/cell/generation. The size of the population bottleneck during 
evolution affected fitness of the adapted mutants; a larger bottleneck resulted 
in higher average fitness. Most lineages (77/81) contained mutants which had 
retained the original resistance mutation but also acquired compensatory 
mutations. Most of the compensatory mutations, resulting in at least 35 
different amino acid substitutions, were single nucleotide substitutions in the 
rpsD, rpsE, rpsL or rplS genes encoding the ribosomal proteins S4, S5, S12 
and L19, respectively. These results show that the deleterious effects of a 
resistance mutation can be compensated by a great variety of mutations. 
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A HOST/PATHOGEN INTERACTION BETWEEN A WORM AND A 
BACTERIUM  
K. Yook, T. Akimkina and J. Hodgkin 
Genetics Unit, Department of Biochemistry, South Parks Road, Oxford  OX1 
3QU  UK 
 

The gram-positive bacterium Microbacterium nematophilum infects the 
free-living soil nematode Caenorhabditis elegans.  Unlike other bacterial 
pathogens of C. elegans, M. nematophilum does not kill the worm rather these 
bacteria adhere to the tail of the worm causing a distinct deformed anal region 
phenotype.  Therefore, this interaction is reminiscent of a chronic disease state 
rather than a general toxicity response.  To understand how M. nematophilum
infects C. elegans, we are addressing two main questions.  1) What host genes 
are exploited by pathogens during an infection?  2) What pathogen genes are 
required to cause an infection?  To address the first question, we are 
identifying and characterizing worm genes that when mutated give rise to 
resistance to M. nematophilum.  To address the second question, we are 
sequencing the plasmid genome isolated from M. nematophilum and are 
attempting to isolate bacterial mutants that result in avirulence to C. elegans.  
Our progress will be presented at the meeting.  
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NOVEL ANTIBIOTICS: PEPTIDES THAT BLOCK HOLLIDAY 
JUNCTION RESOLUTION IN VITRO BLOCK CHROMOSOME 
SEGREGATION IN VIVO  
C. W. Gunderson, J. L. Boldt, and A. M. Segall  
Department of Biology & Center for Microbial Sciences, San Diego State 
University 
 

Site-specific tyrosine recombinases are involved in a wide array of 
biological functions including gene regulation, phage lysogeny, and resolution 
of dimeric chromosomes. Their mechanism proceeds through a Holliday 
junction intermediate. Previously, we have identified hexapeptide inhibitors of 
recombination mediated by lambda integrase as tools to study intermediate 
steps in the enzyme's catalysis. The peptides accumulate integrase Holliday 
Junctions in vitro, inhibiting recombination reactions with significantly higher 
potency than the mechanistically-related eukaryotic topoisomerases. We 
suspected that the peptides could affect potential targets within a bacterial cell 
which may include the Xer recombinases, topoisomerases, and/or the 
replication machinery itself. We show that addition of the inhibitory peptides 
to the medium of a logarithmically growing bacterial culture inhibits growth of 
both Gram-positive and Gram-negative organisms. The organisms have a 
pattern of sensitivity to the peptides that suggests membrane permeability and 
peptide transport systems are important factors in determining the effective 
concentration of peptide within the cell. Peptide treated cells exhibit severe 
chromosome partitioning and cell division defects. The morphology of these 
cells suggests that the peptides are entering them and affecting an interior 
target, rather than permeabilizing their membranes. We are elucidating the 
mechanism if inhibition with the help of mutations that increase or decrease 
sensitivity to the peptides. 
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