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15t Part: Living on the limit

P. aeruginosa PAO1

::luxCDABE transcriptional fusion in a stress-responding gene



15t Part: Living on the limit

1.- Something is happening in the limits
2.- All the limits (antibiotics) are not equal
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Transcripcional Responses of P. aeruginosa to Ceftazidime (CAZ) and

Ciprofloxacin (Cip).
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Transcriptome analysis (5 hours)
A B. functional groups

1 Adaptation, protection

2 Amino acid biosynthesis and metabolism

3 Antibiotic resistance and susceptibility
4 Biosynthesis of cofactors, prosthetic groups and carriers

5 Carbon compound catabolism

6 Cell division

7 Cell wall / LPS / capsule

8 Central intermediary metabolism

9 Chaperones & heat shock proteins

Nt

10 Che

11 DNA replication, recombination, modification and repair

balicm

12 EnergyTr

13 Fatty acid and phospholipid metabolism

14 Hypothetical, unclassified, unknown

15 Membrane proteins

16 Motility & Attachment

17 Nucleotide biosynthesis and metabolism
18 Protein secretion/export apparatus

19 Putative enzymes

20 Related to phage, transposon, or plasmid

21 Secreted Factors (toxins, enzymes, alginate)

22 Transcription, RNA processing and degradation

CIP-0.04

23 Transcriptional regulators

24 Translation, post-translational modification, degradation
25 Transport of small molecules

26 Two-component regulatory systems

27 tRNAs

28 rRNAs

L
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29 Intergenic regions



SOS and DNA replication, recombination, modification and repair genes with modified
transcription upon Ciprofloxacin and/or Ceftazidime treatment.

clp Ceisftﬁcz)iljjri;n ) CeSﬂﬁcz)iljjri;n ) Product

0.04
Gene nmg/ml | xX0.5| x2 x8 | x0.5| x2 x8
PAO577-dnaG 10.6 | 8.7 6.2 DNA primase
PA0923dinP/B 26 | 3.2 | 2.7 2.4 DNA damage inducible protein P (DNA PollV)
PA0965ruvC 2.0 Holliday junction resolvase RuvC
PA0966TuvA 2.1 1.8 Holliday junction DNA helicase RuvA
PAQ0967ruvB 22 | 25 2.0 Holliday junction DNA helicase RuvB
PA1532dnaX 3.6 2.7 DNA polymerase subunits Gamma and Tau
PA1804hupB -2.2 -2.8 | -2.7 -2.8 DNA-binding protein HU
PA2961holB 2.0 DNA polymerase lll, delta prime subunit
PA3007lexA 6.2 1.7 | 19| 2.7 6.3 | 5.4 4.9 Repressor protein LexA
PA3008sulA 5.0 57 | 4.8 4.2 Hypothetical, unclassified, unknown (SulA)
PA3344recQ 24 | 24 2.0 ATP-dependent DNA helicase RecQ
PA3616recX 3.0 53| 43 3.7 Hypothetical, unclassified, unknown (RecX)
PA3617recA 3.4 20 | 46 | 3.7 3.3 RecA protein
PA3640dnaE 2.0 2.0 DNA polymerase lll, alpha chain
PA3642rnhB 2.5 2.3 ribonuclease Hll
PA4042xseB 2.0 19 | 23 2.2 Exodeoxyribonuclease VII small subunit
PA4723dksA 2.2 2.3 Suppressor protein DksA
PA4763recN 7.5 2.8 4.7 | 3.9 3.8 DNA repair protein RecN
PA4931-dnaB 3.2 | 23 2.1 replicative DNA helicase
PA5296rep 3.0 | 2.3 2.3 ATP-dependent DNA helicase Rep




Mutation frequency (Rif) after exposure to ceftazidime (5h)
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P. aeruginosa PAO1 Dmuts

Blazquez et al. (2006). Mol. Microbiol. 62: 84—99.



Induction of dinB (Pol-1V) transcription by CAZ in E. coli

CAZ (and Cip) induce CAZ increases mut. freq.
dinB transcription (dinB-dependent)

Independent of SOS
iInduction

Blazquez and cols. (2001). 41st ICAAC.
Pérez-Capilla et al. (2005). J. Bacteriol.187



Biological relevance of CAZ-induced transcriptional changes in
P. aeruginosa

Are the transcriptional changes biologically relevant?
(bacteria can take advantage of the changes produced by CAZ)

To be biologically relevant,k ¢
A Asignificant proportion of cells must be viable
A If affected, they must recover full viability in a short period of time

A_ive/Dead staining (integrity of the cell membrane after 3 and 5 hours of CAZ treatment)
,ZDAPI staining (continuity of DNA replication during CAZ treatment
Aviability after treatment and further growth in CAZ-free medium

(recovering capacity after CAZ challenge)
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BacLight LIVE/DEAD STAINING
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DAPI staining (nucleoids)

No CAZ (3-5h) \ ‘ # ‘L

-There is DNA replication during the treatment!

-Filaments are not empty: they contain many
nucleoids!

CAZx2 (5h) /




Recovering from CAZ treatment.  Viable in CAZ-free broth after CAZ treatment
~dil 1/100
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Recovering from CAZ treatment.
Viable increase per hour (29 h of culture) in CAZ-free broth
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Blazquez et al. (2006). Mol. Microbiol. 62: 841 99.



Transcriptional changes produced
by CAZ may be biologically
relevant

(bacteria can take advantage of them)



2"d Part: Drugs, sex and R&R

Drugs (Antibiotics)

Sex and R & R (Conjugation, Recombination
and Resistance)

Are antibiotics affecting Recombination?



1.- Intrachromosomal Recombination (solitary sex)
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Recombination increase
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CEFTAZIDIME

Stimulates intrachromosomal Recombination
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Molecular Basis

Studies with recA, lexAl, recB, recF and recBrecF mutants indicate:

ACIP and CAZ-mediated Recombination Stimulation is
absolutelyRecA-dependent

ACIP-mediatedstimulation is independentof SOSinduction

ACAZ -mediated stimulation depends on SOS induction

ACIP-dependentstimulation occursvia either RecBCDor
RecFOR pahtways



Conjugational Recombination (Shared sex)
(Interchromosomal)

CIP or CAZ

DONOR <2§\
A .coliK-1 2 (d®rjugation)

(FEproAB lacl® DM15 Tn10)

A .coli K-12 Hfr (conjugation + RECIPIENTS
recombination)
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fShigella flexneri(divergen
sequences. Aprox 5%)



Results

A. Gnnjugalmnal Recombination
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Lopez, Elez, Matic and Blazquez. Mol. Microbiol. 2007




CIPROFLOXAGHY

STIMULATE interchromosomal Homologous Recombination in P.
aeruginosa

., 147
= )
g 12 F 5_3 127
w = T
£ 7,
é 10 5 107
o
> S
T £ 8]
5 1 Z
|<_): 6 = 6
= T <
o = 0.
2 2 -
@]
2 : S
o 2(- . & 21 m T
1.0 |
0 J Il O'M

Cip 0 Cip x0.5 Cip x1 Caz 0 Caz x0.5 Caz x8



CONCLUSIONS

Some antibiotics may affect genome stability at sublethal concentrations.

A

A

A

Stimulation of mutagenesis (increasing variability and the probability of
developing resistance).

Stimulation of conjugational genetic recombination (including divergent
DNA 1 different species).

Stimulation intra-chromosomal recombination, with possible effect on
the evolution of new traits.

What about é

A Other antibiotics

A Other species

A Natural strains (commensals and pathogens)

Answers coming soon!



A Other studies:

To

Antibiotics can induce competence in S. pneumoniae (Claveryskroup).

A Antibiotics can induce lateral gene transfer via SOS induction in Vibrio
cholerae (Beaber et al. 2004. Nature).

A Antibiotics can induce antibiotic resistance mutations in vivo in P.
aeruginosa (Romesbergks group)

MAIN CONCLUSION

Antibiotics must be considerednot only asselectorsof resistant
bacteria but alsoas true promoters of antibiotic resistance
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NThat what d o ensa kneost nka |slt

Friedrich Nietzsche,
Twilight of the Idols, 1888



