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nificantly decreased motility. A similar evolutional alteration was
described for P. aeruginosa strains from chronic lung infections
(Smith et al., 2006}

Im summary, our results point towards the occurrence of
adaptive mutations during the development of chronic urinary
tract infections, something which has been 2lso reported for P
aeruginosa strains isolated from chronic lung infections (Schaber
et al, 2004), The detailed investigation of the microevolution of
P, aeruginosa during the prolonged time of urinary tract infections
should be the focus of future projects,
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nificantly decreased motilicy. A similar evolutional alteration was
described for P. aeruginosa strains from chronic lung infections
(Smicth er al., 2006 ).

In summary, our results point towards the occurrence of
adaptive mutations during the dewvelopment of chronic urinary
tract infections, something which has been also reported for P
aeruginosa strains isolated from chronic lung infections [{Schaber
er al., 2004). The detailed inwvestigarion of the microevolurion of
P. aeruginosa during the prolonged time of urinary tract infecrions
should be the Focus of future projeces.

Acknowledgments

We thank the BMBF GenoMik-Flus Fkz:0313B01H for fund-
ing this work. Moreover, we thank Adolf Bauernfeind {MICOER,
Munich, Germany) for providing strains and Anja Drabig, Stefanie
Schweinhuber, and Meike Simann for technical support.

Appendix A. Supplementary data

Supplementary data assaciated with this article can be found, in
the online version, at doi: 13,101 6/j.ijmm.2010.10.005.

References

Alonso, A, Rojo, F., Martinez., | L., 1999. Enwvironmental and clinical isolates af
FPeeudomones aeruginesa show parthogenic and biodegradadive properties irre-
specrive of their origin. Environ. Microbiol. 1, 421 -430.

Bearson, 5.4., Whitchurch, CE., Semmler, A B., Matrick, |.5., 2002 Quarum sensing is
not req ed for twitching morility in Pseudomanas ceruginase. | Bacreriol. 184,
35983604,

Eiering-Sarensen, F., 2002. Urinary tract infection in individuals with spinal cord
lesion. Curr. O Ural. 12, 45-48_

Elumenkrancz, M., Ashos-Hansen, G., 1973, New method for quantitative derermi-
nadon of uronic 2cids. Anal. Biochem. 54, 484—489,

Calfee, M.WW., Coleman, )P, Pesd, EL., 2001. Interference with Preudomones
quinalone signal synthesis inhibics virulence factor expression by Prepdomones
aeruginesa. Proc. Wargl. Acad. Sci. U5 A 98, 11533-11837.

Cha, C., Gao. P, Chen, ¥.C.. Shaw, P.DO., Farrand. SK.. 1998 Production of acyl-
homoserine lactone guornam-sensing signals by Gram-nagative plant-associavad
bacreria. Mol Plant. Microbe Interact. 11, 1119-1129,

i . ., Mandsberg. LF., Bjamsholt, T., Wassermann, T., Haiby, M., 2010. Genetic
adapration of Prepdomones asruginosa during chranic lung infection of patiencs
weith cystic fibrosis: strong and weak mutators with heterogeneous genetic back-
grounds emerge in mucA and for fas® mutants. Microbiology 158, 1108-11149.

Cryz |r., 5], Pitr, TL, Furer, E, Germanier, K., 1984, Role of lipopolysaccharide in
wirulence of Pseudomonas aeruginase. Infect. Immun. 44, S08-513.

de Beer, D., Stoodley, P, Lewandowski, £, 1994, Liguid flow in hemerogensous
biofilms. Bictechnal. Biceng. 44, G36—-841.

Dnarvawd, V., TuQuos, P, Blanc, D, Favre-Banté, 5, Krishnapillai, V., Reimmann, C,
Haas, O, van Delden, C_, 2004. Characrerization of cell-to-cell signaling-deficient
Peeudomones aeruginosa strains colonizing intwbared parients. |. Clin. Microbiol.
42, 554-562.

Deziel, E., Comeau, ¥., Villernur, R, 2001. Initiation of bicfilm formation by Psew-
domanas ceruginase STRP carrelates with emergence of hyperpiliated and highly
adherent phenotypic variants deficient in swimming. swarming, and twitching
marilities. |. Bacteriol. 183, 1 195-1204.

Doig, P, Smith, N_R., Tadd, T,, Irvin, R.T., 1987, Characterization of the binding of
Preudomones aeruginesa alginare o human epithelial cells. Infect. Immun. 55,
1517-1522.

onlan, FLML, Costeroon, LW, 2002, Biofilms: survival mechanizsms of clinically rel-
evant microorganisms. Clin. Micrabiol. Revw. 15, 1657-193.

e e = =y

It

Flemming, H.C., 1991, Biofilme und Wassertechnolagie, Teil I: Enstehung, Aufbau,
Zusammensetzung und Eigenschaften des Biofilms. gwi-Wasser/Abwasser 132,
187-207.

Flemming, H.C., Wingender, |., Schmitr, ], Mayer, C., 1999 Scrrukrur und Eigen-
schafren von Biofilmen In: Dohmann, M. (Ed.], Gewdsserschurz — Wasser —
Abwasser, val. 172, Aachen, pp. 1-17.

Gacesa, P, 1998 Bacrerial alginate Biosynthesis — recenrc progress and fururs
prospects. Microbiology 144 (PL5) 11331143,

Gallaway, DR.. 1991_ Pseudomonas aeruginosa elastase and elastolysis revisited:
recent developments. Mol. Microbiol. 5, 2315-2321.

Gowvan, |.RB., Deretic, V_, 1996, Microbial pathogenesis in cysric fibrosis: mucoid Psew-
domanas eeruginagse and Surihoideris cepacie. Microbiol. Rew. 80, S39-574.
Habarmamnn, E.. Hardt. K.L.. 1972 A sensitive and specific plate test for the guantira-

rion of phospholipases. Anal. Biochem. 50, 163-173.

Haddad, L, Hiller. k., Frimmersdorf, E.. Benkert, B., Schomburg. D, Jahn, D, 2009,
An emergent self-organizing map based analysis pipeline for comparative
metabolome studies. In Silico Bicol. 9, 163-178_

Hahn, H.P., 1297, The type-4 milus is the major virulence-assaciared adhesin af
PFreudomongs SeFuUginosg — a review. Gene 192, 99-108.

Hamood, A N_, Griswaold, A, Duhan, .8, 1996, Praduction of excracellularvirulencs
factors by Pseudomanas aervginosa isolates obrained from tracheal, urinary tract.
and wound infecdons. |. Surg. Res. 51, 425432,

Hoga n., Hoboth, C., Schmolde, 5., Henke, C_, Bader, L, Heesemann, |., 2007. Stage-
specific adaptation of hypermutable Pseudomangs geruginosg isclates during
chronic pulmonary infection in patients with cystic fibrosis. |. Infect. s, 195,
TO-8B0

Jacobsen, £, ckiler, O.).. Mabley. H.L . Shirtliff, M.E.. 2008. Complicated catheter-
associated urinary tract infections due to Escherichize cold and Prafeus minabiiis.
Clin. Microbiol. Rev. 21, 25-50.

Klausen, M., Hevdorn, A, Ragas, P, Lambertsen, L, Aass-jargensen, A, Malin, €,
Tolker-Mielsen, T., 2003, Biofilm formation by Pseudomonas aeruginase wild ope,
flagella and cype IV pili mutanes. Mol. Microbiol. 48, 1511-1524.

Klockgeeher, | Rewva, O, Larbig, K., Tammler, B, 2004. Sequence analysis of the
muokile genome island pKLC102 of Pseudomanas aeruginosa C. | Baczeriol. 186,
518-534.

Klockgerher, |, Wiordemann, O, Wishlmann, L, Tammler, B_, 200&. Transcript pro-
filing of the Fseudomonas geruginosg genomic islands PAGI-2 and pELZ102.
Microbiclaogy 154, 15991504,

Konig, B.. Jasger, K.E., Sage, AE Vasil ML, Ko&nig W., 1995, Role of Pseudomones

psa lipase in inflammatory mediator release from human inflamma-
tory effecror cells [ platelets, granulocytes, and monocytes). Infect. Immun. G4,
3253-3258.

Korstgens, V., Flamming H.C_, ‘Wingender, ., Borchard, W, 2001 . Influence of calcium
ions on the machanical properties af a model biofilm of mucoid Preudomones
aeruginesa. Water Sci. Technol. 43, 48-57.

Lam, .5, Mazewish, | M., Poon, EK.H., 2004 Lipapolysaccharides of Pseudomones

rginosa. In: Ramaos, |.L (Ed.), Pseudomonas — Biosynthesis of Macromolecules
and ::»m.e:u.a: Mechanisms. Kluwer Academic/Plenum Publisher, New Yark, pp.
3-53.

Larbig. K.D., Christmann, A., Joehann, A, Klackgether, J.. Hamsch, T., Merkl, R.,
‘wWiehlmann, L., Fritz, H... Tammler, B, 2002. Gene islands integrared into
tRMA[Gly) genes confer genome diversity on a Pseudomanas aeruginosa clone. |
Bacveriol. 184, GEE5—5580.

Legakis, M., aliferopoulou, M., Papawvassiliou, |, Papapetropoulon, M. 1982,
Seronypes of Prevdamones aeruginesa in clinical specimens in relation to ancibi-
aric suscepribilicy. ). Clin. Microbiol. 16, 4584563,

Liang, X, Pham, X.(., Olson, M., Lory, S., 2001. Identification of a genomic island
present in the majority of pathogenic isolates of Pseudamonos meruginasa |.
Bacreriol. 183, B43-853.

Liberaci, N Urbach, .M., Miyara, 5., Lee, D.G., Drenkard, E., Wu, G., Villanueva, |,
wel, T., Ausubel, F.%_, 2004, An ardered, nonredundant library of Pseudomoncs
geruginesa strain PA 14 transpason insertion mutanes. Proc. Macl. Acad. Sci. US. A
103, 2B33-2838.

Martinez-Mardnez, L, Pascual, A, Perea, E )., 1991. Kinetics of adherence of mucoid
and non-mucoid Preudomones aerwginosa to plastic catheters. ). Med. Microbiol.
34, F-12.

Machee, K., Marasimhan, G, Valdes, €, Qiu, X, Marewish, | M_, Koehrsen, M., Rokas,
A, Yandawva, C.M., Engels, ., Zeng, E., Olavariea, R, Doud, M., Smith, R.5., Mont-
gomery. P., White, | R., Godfrey. P.A_. Kodira, C_, Birren, B., Galaga LE_, Lory, 5.,
2008 Dynamics of Psewdamonas cerugingse genome evolution. Proc. Marl. Acad.
Sci. U.S.A_ 105, 3100-3105.




Vancouverske citovani

Vsechny odkazy se ocisluji podle vyskytu v textu
V textu se fyskytuji jen cisla

Seznam literatury je fazen podle techto cisel, bez

lahledu na Jlbecedu

el urcita gréce citovana vicekrat, cislo zustava

Qg

stejne




18/

Problémy pfi vlozeni nove citace — Afeéislovén}
Vyhoda — jména nerusi text — na druhou stran
nevyplyva z citace pfimo souvislost s danym
autorem

— Napt. FEMS Microbiology L etters
— Trends in Microbiology




they could also display optical properties and emit electro-
magnetic radiation, a process known as electrolumines-
cence |79]. This raizes the question of how szpecific physical
zsignals really are. Becausze the unifying property of all
physical signals is the energy they carry, energy could
be the specific information transmitted from cell to cell.
After all, life iz the interaction of matter and energy.
Physical signaling could be an ancestral language of all
living forms and, perhaps, a key code to decipher if we want
to understand the microbial converszations that have for =0
long remained inandible.
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When microbial conversations get

physical
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It is widely accepted that microorganisms are social
beings. Whereas communication via chemical signals
[e.g. guorum sensing) has been the focus of most inves-
tigations, the use of physical signals for microbial cell-
cell communication has received only limited attention.
In this Opinion article, | postulate that physical modes
of microbial communication could be widespread in
nature. This is based on experimental evidence on the
microbial emission and response to three physical sig-
nals: sound waves, electromagnetic radiation and elec-
tric currents. These signals propagate rapidly, and even
at very low intensities, they provide useful mechanisms
when a rapid response is required. | also make some
suggestions for promising future research avenues that
could provide novel and unsuspected insights into the
physical nature of microbial signaling networks.

Can microbial conversations get physical?
Communication is by definition a process of information
{signal) exchange between a sender and a receiver through
a commaon medium. Quorum sensing enables microorgan-
isms to communicate chemically by responding coordinate-
Iy to the accumulation of extracellular chemieal signals
{autoinducers) and reprogramming gene expression as a
function of cell density [(1). Experimental evidence also
indicates that microorganisms can generate and respond
to physical signals such as =ound waves, electromagnetic
radiation and electric currents [2-6]. However, the techni-
cal challenges associated with probing microbial physical
signaling networks at the intensities and time scales re-
quired have long limited this field of research. As a result,
the role of physical signals as information carriers has
received only limited attention.

I also provide my opinion about the limitations of these
studies, the outstanding questions and what I consider are
the most promising directions to advance this field of re-
search. Unlike chemical signals, physical signals are suh-
jected lezs to diffusion constraints, and can propagate
through a wide range of media, including cells, which I
propose can enable faster cellular responses. [ also present
evidence that links physical signaling to the metabolic
status of the emitting and recipient cells, and speculate
about the possibility that the energy carried in these signals
1= the real ‘language’ used in physical modes of microbial
communication. In this Opinion paper, I hope to stimulate
research into this controversial, yet exciting, field of re-
zearch that has only been marginally explored.

‘If microorganisms could talk...": cell-cell
communication via sound waves

The suggestion that cells have the ability to communicate
with sounds was based on the observation that sound
waves stimulated the growth of Bacillus carboniphilus
under stress conditions [2]. Although the bacteria were
unable to grow in high salt concentrations or at high
temperature [7], their growth was stimulated by neighbor-
ing cells of the same or different species grown on a
separate plate stacked on top, and regardless of the pres-
ence of & separating 2 mm iron barrier to prevent the
exchange of volatile substances [8]. Growth under non-
permizsive conditions was also stimulated by specific
sound frequencies applied with an external speaker (2|
and by including in the growth medium earbon materials,
zsuch as graphite or activated charcoal, known to convert
external electromagnetic radiation into sound [9]. These
results suggested that the growth-stimulating signal was
physical and, possibly, =sonic in nature. Interestingly, al-
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