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Biofilms bacterianos

La forma de vida predominante de los microorganismos en cualquier
sistema biologico hidratado es una comunidad cooperativa denominada
biofilm (Trautner & Darouiche, 2004).

Comunidades formadas por microorganismos adheridos de manera
irreversible a un sustrato o interfase, embebidos en una matriz de
polimeros extracelulares de produccion propia y que exhiben un fenotipo
particular en relacion a las tasas de crecimiento y expresion de genes
(Donlan & Costerton, 2002).

Ciclo de un biofilm






Antonie van Leeuwenhoek (1632-1723)

“The number of these animalcules in the scurf of a man's teeth
are so many that | believe they exceed the number of men in a
kingdom” (Antonie van Leewenhoek a la London Royal Society,
1684)






Roberto Koch (1843 - 1910) Louis Pasteur (1822 - 1895) Fanny Hesse (1850 - 1934)

] wamcw |JoOUMal of s o
L aowaeer| Bacteriology EDITORIAL Henrici AT. 1933. Studies of freshwater bacteria. I. A direct microscopic
’ technique. ] Bacteriol 25:277287.
. ) . .- Fobell CE, Allen EC. 15 The wlgnlmance of marine bacteria in the
Classic Spotlight: Before They Were Biofilms fouling of submerged surface. | Bacteriol 2 1.

George A. 0Toole
Observations of fouling biofilm formation

B [ es. lide that running water will not detach them.”
term bu:-ﬁlm, or surfz iate i itie: . though they do not use the W. F. McCoy
is now familiar to most micre ,asi ammuncdﬂ'w 2 known phenomena of “reversible” and “irreversible™ at- Depariment of Biology. The University of Calgary, Calgary, Ala., Canada T2N IN4
in clinical, o c t as well as microcolony formation, the earliest stages in 1. D. BRYERS'
2 a biofilm. . T .
g a blolm i c / Department of Chemical and Petroleum Engineering, The University of Calgary, Calgary, Alta., Canada T2N JN4
J. RoBBINS

mma] papers pul:llshn:l in the
Department of Biology, The University of Calgary, Calgary, Alta., Canada T2N IN4

v Arthur Henrici and g
plankron.
vations st n B in the 4935 J. W. COSTERTON

Depariment of Biology, The University of Calgary, Calgary, Alta., Canada T2N IN4
Accepted Ma , 1981

McCoy, W. F., J. D. BrYERs, . RoBBINS, and J. W. COosTERTON. 1981. Observations of fouling biofilm formation. Can. J.
Microbiol. 27: 910-917.

O How Bacteria Stick

e o Wiy Mg e SCIENTIFIC

e & 5 s Eclitorial do rot nmm‘r_.-mtv_f the wiows of thejoumal or . y - . e g - ,
cement themselves to th " 1 I narure (bur not in faboratory cultures) bacteria are covered AMERICAN‘

by a “glycocalyx’ of fibers that adhere ro surfaces and to ocher
cells. Adhesion might be prevenced by a new kind of antibiotic JANUARY 1978
VOL. 238, NC. 1 PR B&—95

merged for an hour or

by J. W. Costerton, G. G. Geesey and K.-J. Cheng




Ims

(o]

Adhesion entre bacterias?

B

icies

On a superf

Adhesi
Son factores de virulencia?

?

ticas

0)
Las colonias bacterianas son biefilms?

abi

J. William Costerton

(1934 — 2012)



Articulos cientificos sobre biofilms (Pubmed - NCBI)

PubliQed.¢ov

MY MCBI FILTERS [A

RESULTS BY YEAR

|||I||||I||m“ (L

2022

TEXT AVAILABILITY

[ | Abstract
[ ] Free full text
[ ] Full text

ARTICLE ATTRIBUTE 2020:; 7.572 articulos




Origen del planeta Tierra: 4600 millones de anos

Evidencia fdsil de vida microbiana formando biofilms: 3700 millones
de anos (rocas, estromatolitos)

Probablemente, microorganismos fosilizados de 4280 millones de
anos en rocas sedimentarias ferrujinosas (Dodd et al., 2017, Nature)

. Cyanobacteria fosil en ambar (unos 850 millones de
~ anos, Museo de Paleontologia de California)

Las bacterias constituyen las primeras formas de vida en la Tierra,
teniendo un rol critico en la generacion de condiciones para formas de vida
posteriores, fundamentalmente a traves del desarrollo de la fotosintesis y
generacion de oxigeno en la atmosfera (vida humana aprox. 2,5 Ma) .



BaCleras: erganismes gregaros

Estudio “tradicional” de los microorganismos
» celulas planctonicas, de vida libre
» medios liquidos puros

Estromatolites: formas fosiles de biofilms bacterianos
(datan de hasta 3.700 millones de anos)

Lester Park, Saratoga Springs, New York (cambrico)



Fenotipo de las bacterias que forman biofilms,
diferente a sus contrapartes planctonicos

» Produccion de polimeros extracelulares
» Tasas de crecimiento reducidas
» Mayor adaptacion al estrés ambiental

» Resistencia elevada a agentes antimicrobianos
(e]. antibidticos, desinfectantes)

» Regulacion de genes especificos

Estudios basados en microarrays sugieren gue las bacterias en
biofiims tienen al menos un 10% de expresion génica
diferencial con respecto a las formas planctonicas (P.
aeruginosa, E. coli, S. aureus, etc.)



Analisis global de expresion génica en biofilms:
microarrays

Data analysis

Mixing and
hybridization
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EXxpresion génica de E. coli en biofilms
(microarrays)

Mumber of genes®

Bicfilm versus exponential Bicfilm wersus stationary

Functional group Taotal  Higher in biofilm  Lower in biofilm  Higher in biofilm Lower in bicfilm

Whaole genome 4200 206 27 asa 192
Aming acid bicsynthesis a7 45
Biosynthesis of cofactors, prosthetic groups and carriers 106 20
Carbon compound catabalizm 124 5
Cell processes 170 15
Cell structure 85 9
Central intermediary metabolism 149 az
DMA replication, repair, restriction/maodification 105 B
Energy metabolism 136 28
Fatty acid and phosphalipids metabolism 41 B
Hypothetical, unclassifisd, unknown 1428 48
Muclectide biosynthesis and metabolism (=73 22
Phage, transposon or plasmid a1 2
Putative cell structure 438 o
Putative enzymes 453 28
Putative factors &7 1
Putative membrane proteins 54 3
Putative regulatory proteins 167 3
Putative transport proteins 20 14
Regulatory function 208 13
Transcription, RNA processing and degradation 28 3
Translation and post-translational modification 128 53
Transport and binding proteins 254 35
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a. Mumber of genes showing significant (P < 0.05, ftest; P < 0.03, Manm—Whitney test) expression fold ratios (= £2.5).

Schembri, Kjeergaard and Klemm; 2003




Expresion genica de S. aureus en biofilms

TABLE 3 Genes differentially expressed in a biofilm versus exponential growih phase
M35 ORF Comman name® Prodiect**

Cell emvelope and cellular processes
N3 5-5A 1960 el FTE sysiem, mannitol-specific TIBC componen:
M315-SA18B2 gl Sensor protcin Kdpi»
M3I15-SAT311 Similar o MATH PIH-flavin oxidoreduciase
M315-8A1156 ARC ransporier (ATP-binding prosein) homolog
MNI15-8A0T24 Similar o cell division nhibivor
M315-8AX253 Oligopeptide ransporier pulative membrane permease domain
M315-BA05GT Similar o rondII) ABC ransporer permeise Prowein
MN315-5AIZ16 Similar 10 ABC ransporver, ATP-hinding prowein
N3 5-SA0RE0 similar vo ferrichrome ABC iranspomer
MN315-2A0GH]T Similar vo ferrichrome ABC iranspomer
M315-8A050T Teichoic acd binsymbesis prowsin
MNI15-8A1935 Similar to amidsse
M315-5A1169 ~wAmnobuyraie permesse
M315-SA0243 Similar vo reichoic acid bMosynihesis proncin B
M315-8A0110 Lipoprowsin
M315-5AZ100 Similar o auolysin E
M315-5A1458 N-Aceryimuramoyl--alanine amidase
M315-SAD109 ; Lipoprowein
N3 5-SA0106 1-Lacae permease homolog
M315-SAMGET similar vo divipepide ABC ransporier
MN315-8AI053 Glucoss upake prowzin bomolog
M3I15-SA0ETD [T Pyrimidine nucleoside transpon protein
MN315-SAD111 ; Lipoproiein
M315-5AZEI0 Similar vo anuibiotic ranspori-associated provein
M315-8A0566 similar vo iron-binding prozein
M315-8ATZ33 similar vo inegral membrane efum prowein
M315-BA0E1S Glyoerol-3-phosphaie ransporier
MN315-8AZ112 Similar 1o sodivm-dependent ransporeer
M315-8A1025 o-A-muramic acid-pencapepude iranshocese
N3 5-SADG0 Similar vo pyrimidine mucleoside vransponer
MN315-8A 19T similar vo ferrichrome ABC IFENSpOIET |[pormesse)
M315-SAOI10 Similar o aminoe acid permesse
M315-SATM0 Similar o glucarawe ransporer
M315-SA0G9] Lipoprowein, similar 1o ferrichromse ABC ransporier
M315-SA0ETY Xanthine permeasc
MA15-SA0579 Similar o Ma*yH " andponer
M315-SA0411 MADH dehydrogenase subuanin 5
M315-8EATE0T Similar 1o ABC rransporuer
MN315-8ATEG Similar 1o membrane-spanning provein

Information pailways
MN315-5AI18R3
M3 5-5A2429
MN315-5ATZ06
MI15-5AI41E
MNA15-SA0L60
M315-5A0652

KIDF* operon transcriprional regulawory provein
Similar vo arginine repressor

Similar vo wranscriprional regulavor, MerlR family
Similar 1o two-component response regulavor
Pepridyl-tRMA pdrolase

Similar o ranscriprion regulation progein

M3I15-SA 1853 Similar 1o DA mismaich repair proscin Mors
M315-8A1ZBT Asparaginyl-URMNA syntheiase

M315-BEA0EIE Similar 1o iranscripuion erminane

MN315-5ATISE Similar vo ranscriprional e (TetRyAcri amily)
M315-8A 1697 Similar 1o prowein-Lyrosine p HLAS:
MN315-8A1120 Similar vo ranscriprion reguelaror G Emily
MN315-8A0Z0E Similar o regulatory proccin PloR

M315-8A1550 Tyrosyi-IRMA syncthelsse

M315-SAZLRT Pyreodidone-carboxylae pepoidase

M315-54 1583 Hepressor of wxins (RoL)

N3 5-SADGS3 Similar vo ranscriprion repressor of frueoose operon
31 5-SA0MK PFrobable ATL =urolysin rranscripricn regulacor
M315-8A1725 Suaphopain, cysweine prowinase

bR OREIRR 1R

IR

Intermediary mewabolism
MN315-SA03IE Similar o MADH-dependem FMMN reduciase
MN315-8A0122 Acewnin (diaceylyredwoase

MNI15-8AIR0T Similar vo TP ‘:Ehphna okinzse

MN315-541142 Muerohic glycerol-3- mpl'a:glu: dehydrogenase Been ken et aI .y 2004
MN315-BANI1G Adenylosuccinawe symhbase

M315-5AZF0T Similar vo pyridoxal-phosphare-dependent amenocransicrase

M1 S-SADMHN Similar o oxidoredwoase, aldofews reductase family

M315-SA1201 Anthranilzie phosphoribosyhransfzrase

M315-8A1GE5 similar o AMG-specific adenine glycosylase

Continued on following pape




EXpresion genica de A. baumaniii en biofilms:
analisis de transcriptomas

orenBAccess preey otebboontbor . OPLOS|o

Whole Transcriptome Analysis of Acinetobacter
baumannii Assessed by RNA-Sequencing Reveals
Different mMRNA Expression Profiles in Biofilm Compared
to Planktonic Cells

Soraya Rumbo-Feal'*, Manuel J. Gémez?*, Carmen Gayoso'¥, Laura Alvarez-Fraga', Maria P. Cabral’,

Ana M. Aransay?®, Naiara Rodriguez-Ezpeleta®*+, Ane Fullaondo?®, Jaione Valle®, Maria Tomas', German
Bou", Margarita Poza™

1 Department of Microbiology, Biomedical Research Institute, University Hospital, A Corufia, Spain, 2 Department of Meolecular Ewvolution, Center for
Astrobiclogy, INTA-CSIC, Madrid, Spain, 3 Genome Analysis Platform, CIC bioGUNE & CIBERehd, Derio, Spain, 4 Marine Research Division, AZTI, Tecnalia,
Sukarrieta, Spain, 5 Department of Microbial biofilms, Agrobiotechnology Institute, Mavarmra, Spain
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Distribucion de secuencias de los 1621 genes identificados “up-regulated”’en bacterias
formando biofilms o en fase estacionaria. Genes involucrados en: A) procesos bioldgicos, B)
componentes cleulares, C) funciones moleculares



Transcriptoma (RNA-Seq) de Burkholderia
pseudomallel (chinetal., 2015)

Reference strain

B. thailandensis
ATCC 700388
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Expresion génica en biofilms bacterianos en
distintas condiciones

BMC
Genomics

RESEARCH ARTICLE Open Access

Whole transcriptomic analysis of the @ e

plant-beneficial rhizobacterium Bacillus
amyloliquefaciens SQR9 during enhanced
biofilm formation regulated by maize root
exudates

Biofilm formation (QDg;)

o, Xuan Zhou', Zhihui Xu', Qing Li®

= Root exudates

Effects of concentrated maize root
exudates on biofilm formation of SQRO.

a) Effects of maize root exudates on the
biomass of biofilm formed by SQR9. b)
Effects of root exudates on the
appearance of biofilm formed by SQR9: a,
Control, 24 h post-inoculation; b,
Treatment with maize exudates, 24 h post-
inoculation; ¢, Control, 48 h post-
inoculation; d, Treatment with maize
exudates, 48 h post-inoculation). c)
Effects of root exudates on the three-
dimensional structure of a biofilm formed
by SQR9 visualized by confocal laser
scanning microscopy (CLSM) 24 h post-
inoculation. a, c. Control; b, d. Treatment o
with maize root exudates




Diversos genes varian su expresion en biofilms
bajo diferentes condiciones

Table 4 Functional categories of S0R9 genes that were

significantly regulated by the maize root exudates

Functional class

2-h  48h

1 Cell emvelope and cellular processes
1.1 Cell wall
1.2 Transport/binding proteins and lipoproteins
1.3 Sensors (signal trnsduction)

14 Membrane bioenergetics
[electron tmnsport chain and ATP synthase)

1.5 Mobility and chemotaxis
16 Protein secretion
1.7 Cell division
1.8 Sporulation
1.2 Germination
1.10 Transformation/competence
2 Intermediary metbolism
2.1 Metabolism of carbohydrates and related molecules
211 Specific pathway
212 Main glycolytic pathways
213 TCA cyde
22 Metabolism of amino acids and related molecules
23 Metabolism of nucleotides and nucleic acids
24 Metabolism of lipids
25 Metabolism of coenzymes and prosthetic groups
256 Metabolism of phosphate
27 Metabolism of sulfur

Table 3 Numbers of significantly differentizlly exprassed genes
in the presence and absence of root exudates

Items Up-regulated Down-regulated
RE/Control_24h 382 (9.4 %) 261 (6.4 %)
REA ontrol_48h 260 (64 %) 74187 %W

The percentages in parentheses represent the ratios of differentially expressed
gene numbers to those of the whole genome (4078 coding sequences)

3 Information pathways
3.1 DMA replication
3.2 DMA restriction/modification and repair
3.3 DNA recombination
3.4 DMA packaging and segregation
3.5 RNA synthesis
3.6 RNA modification
3.7 Protein synthesis
3.8 Protein modification
3.9 Protein folding
4 Cther functions
4.1 Adapttion to atypical conditions
4.7 Detoxification
43 Antibiotic production
4.4 Phage-related functions
45 Miscellaneous

Tatal fwith known function)




Condiciones de desarrollo ejercen fuerte influencia en
formacion y estructura tridimensional del biofilm:
composicion del medio, tipo de superficie, osmolaridad,
pH, temperatura, disposicion de hierro, flujo del medio, etc.

Biofilms de P. aeruginosa bajo distintas condiciones
ambientales

- Lactoferrin + Lactoferrin

Condiciones de restriccion de Fe

Banin et al., 2005



Mutantes de P. mirabilis en sistemas
relacionados con captacion de Fe y biofilms

Morpho-topological descriptors for biofilm architecture

Bacteria/stack Total Bacterial Volume

- 2821
+ 292150
= 2021-10

Infectividad atenuada en un modelo de UTI
ascendente en raton

Day 1

Day 3

2921-WT

Day 5 Bt i

Day 7

2921-50 2921-110

4

Iribarnegaray et al. 2021



Biofilms bajo distintas condiciones ambientales:
fuentes de carbeno

Lactobacillus spp.

P. aeruginosa

B mTSB medium I MRS medium
OMRS madium w/o glucose 0 AOAC medium

E
:
£
g
'S
E
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A- Medio minimo-glucosa

B- Medio minimo-citrato
Lebeer et al., 2007

Klausen et al., 2003 Hallgzgos similares en nuestro laboratorio
(Fernandez et al., 2018)



Unidad estructural basica: microcolonias

Agregados celulares sumergidos en una matriz extracelular
de produccion propia (EPS, extracellular polymeric
substances) entre las que discurren canales acuosos

EPS: Caracteristica distintiva del biofilm

Polisacaridos (rol de cationes bivalentes)

eADN (similar al ADN cromosomal)
Proteinas (PME, 30% en P.aeruginosa, prots. secretadas, lisis)

Lipidos y surfactantes (LPS, P. aeruginosa)
Agua



EPS, extracellular polymeric substances

Biofilm polimicrobiano en un Biofilm de Candida sp.,
herida, James et al., 2008 Basak et al., 2014

Papel del QS



Polisacéaridos (intracelulares y extracelulares)

TABLE 1 Summary of the cellular location, chemical composition, and functions of bacterial polysaccharides
important for biofilm formation

Functions

Localization Charge Protective Architectural

Pel Secreted NA X
Psl Secreted/cell associated  Neutral

PlA Secreted Poly cationic

Cellulose Secreted Neutral

Alginate Cell associated Polyanionic

CPs Covalently attached Polyanionic

Levan Cell associated Neutral

Colanic acid Cell associated Polyanionic

VPS Secreted NA

Bacillus EPS Secreted Neutral

Limoli et al, 2014

Otros...
Manosa
Galactosa
Glucosa
N-acetyl-glucosamina,
Acido galacturénico,
arabinosa, ramnosa, xilosa



V- VSR RV YA VAR, e B, Y/

Proteinas

Enzimas

Rugosity and BF modulator (RbmA , Vibrio spp.)
Biofilms associated protein (Bap, S. aureus)
Glucanbinding proteins (Gbps, S. mutans)

Amiloides (Fap en P. aeruginosa; TasA en B. Subitilis)
PME

Fimbrias

Flagelos

Vesiculas, entre otras...



Table 2 | Biofilm enzymes in natural and man-made aquatic environments™

Enzyme

Protein-degrading enzymes

Protease

Peptidase

Type of biofilm

River biofilms and activated sludge

Drinking-water biofilms, river biofilms, waste-water
biofilms, sewer bicfilms, marine aggregates and
activated sludge

Polysaccharide or oligosaccharide-degrading enzymes

Endocellulase
Chitimase

o-glucosidase

p-glucosidase

[-xylosidase

N-acetyl-f-D-
glucosaminidase

Chitobiosidase
p-glucuronidase
Lipid-degrading enzymes
Lipase

Esterase

Phosphomonoesterases

Phosphatase

Oxidoreductases
Phenol oxidase

Peroxidase

Extracellular redox activity

River biofilms
River biofilms and estuarine-sediment biofilms

River biafilms, sewer biofilms, stream sediment
biafilms, lake sediment biofilms, waste-water biofilms,
marine aggregates and activated sludge

River biofilms, biofilms from trickling bicfilters. sewer
biofilms, stream sediment biofilms, lake sediment
biofilms, marine aggregates and activated sludge

River biofilms and lake sediment biofilms
River bicfilms, marine aggregates and activated sludge

Marine aggregates
Activated sludge

Marine aggregates and activated sludge

River bicfilms, lake sediment biofilms, drinking-water
biofilms, sewer bicfilms, stream sediment biofilms and
activated sludge

River bicfilms, sewer bicfilms, stream bicfilms, marine
aggregates and activated sludge

River biofilms
River biofilms
Activated sludge

Flemming and Wingender, 2010



Environmental
parameters, QS,
c-di-GMP, cAMP

Yin et al., 2019
[Funcienes dela EPS
Adhesion a superficies
Soporte estructural
Prevencion de la desecacion (fuertemente hidratada)

Proteccion frente a agentes externos (compuestos antimicrobianos,

organismos predadores, celulas del sistema inmune)

Generacion de “micronichos” (ej. pH; sitios de adhesion)



Takle 1 | Functions of extracellular polymeric substances in bacterial biofilms

Function
Adhezion

Aggregetion of bacterial cells

Cohesion of biofilms

Sorption of organic
compourds

Sorption of inorganic ions

Enzymatic activity

[utrient source

Exchange of genetic
information

Electron donor or acceptor

Export of cell componants

Sink for excess snergy
Birding of enzymes

Relevance for biofilms

Alloews the initial sbeps in the colonization of abictic and bictic
surfaces by planktonic cells, and the long-term attachment of whole
biofilmsto surfaces

Enablas bridging betwesn calls, the temporary immaobilization of
bacterial populations, the development of high cell densities and
calbcall recognition

Forms & hydrated polymer neteork (the biofilm matris), mediating
the mechanical stability of biofilms (often in conjunction with
multivalent cations) and, through the EPS structure (capsule, slime
or sheath), determining biofilm architecture, s well as allowing
cellcall communication

Maintains a highly hydrated microemironment arownd

biofilm organizme, leading to their tolerance of dessication in
waber-deficient snvironments

Confers resistance to nonspecific and specific host defences during
infection, and confers tolerance to varicus antimicrobial agents
{for example, disinfectants and antibiotics), as well as protecting
cyanobacterial nitrogenase from the harmful e fects of axopgen and
protecting against some grazing protoca

Allorws the scoumulstion of nutrisnts from the emdronment and
the sorption of xencbiotics (thus contributing to ervironmentsl
detoxification)

Promates polyzaccharide gel formeation, ion exchangs, mineral
formation and the scourmulation of foxic metal ions (Hhus
contributing to snvironmental detoxification]

Enablas the digestion of exogenous macromolecules for nutrient
soquisition and the degradation of structural EFS, allowing the
releaze of callz from biofilms

Provides a source of carbon-, nitrogen- end phoephorus-containing
compounds for utilization by the bichilm community

Faciliates horizontal gene transfer beteeen biofilm calls
Permits redox activity in the biofilm matrix
Ral=azes cellular material &z & result of metabolic turnower

Stores exoess carbon under unbalanced carbon to nitrogen ratios

Re=sults in the sccumulsation, ret=ntion and stabilization of enoymes
through their interaction with polysaccharides

EF5, extrapsllular polymeric substanoss.

EP5 components involved

Folyzaccharides, proteins, DA and
amghiphilic molecules

Folysaccharides, proteins and DMA

Mewtral and charged polyzaccharides,
proteins (zwdh az armydoids and lecting), and
DA

mm.philjn polysaccharides and, possibly,

Polysaccharides and proteins

Charged or hydrophobic pobseccharides
and proteins

Charged palyzaccharides and proteins,
including inorganic substitusnts such as
phasphats and sulphate

Proteins

Fotentially sll EPS components
DA
Proteins (for example, those forming pili and

ranowires) and, possibhy humic substances

Membrane vesicles containing nucleic

acidz, enzymes, lipopolysaccharides and
hosoholioid

Pobyzaccharides

Polyzaccharides and snoymes

Flemming and Wingender, 2010



Biofilms: comunidades heterogeneas

Heterogeneidad quimica de los biofilms: gradientes

Stewart and Franklin, 2008



Heterogeneidad fisiologica de los biofilms

I:‘ Substrate plus cuygen . Oy gen alone

I:' Substrate alone I:I Mo substrate or oy gen

a Early biofilm b-d Mature biofilm

f Stationary phase; planktonic

<

]
T
[ =
|
I |
1
1}

Stewart and Franklin, 2008



Etapas de formacion de los biofilms

(particularidades de las distintas especies bacterianas)

(i) aproximacion y adhesion reversible de las bacterias a la
superficie (adhesion inespecifica o especifica)

(i) adhesion irreversible y comienzo de produccion de EPS
(iif) formacion de microcolonias

(iv) maduracion del biofilm con gran aumento de EPS

(v) dispersion celular (pasiva o activa)

Davey y O'Toole, 2000



Etapas: microscopia laser confocal - Proteus mirabilis

Obtencion de stacks

A - 1 dia de incubacion

B - 5 dias de incubacion




Descriptores matematicos morfo-topologicos y

reconstruccion de modelos 2D y 3D

Parametros relacionados con la formacion de biofilms:

distancias entre bacterias

complejidad y compactacion entre bacterias
cantidad y volumen de bacterias

elongacion bacteriana: rol de células swarmer

VAN A, Vg e

vecindad bacteriana
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Volumen de biomasa (rojo)




Fenotipos celulares en la fase de dispersion

Planktonic Biofilm Dispersal

- homogeneous population - phenotypic diversity - phenotypic diversity

- single cell - aggregates - single cells and aggregates
- specific substrate - various substrate utilization - various substrates utilization
- high metabolism - low metabolism - high metabolism

- high motility - low motility - high and low motility

- low attachment - high attachment - high and low attachment

- antibiotic susceptibility - antibiotic resistance - antibiotic resistance

- law virulence - virulence - virulence

FIGURE 3 Physiological traits of planktonic, biofilm, and dispersal cells. Symbols are defined in Figure 2.
doi:10.1128/microbiolspec.MB-0015-2014.f3

Barraud et al., 2015

DspB protein is responsible for the surface detachment of
Actinobacillus pleuropneumoniae biofilms (dispersina B)



[Factores bacterianes Implicados en la etapa
de adhesion

Interacciones no especificas (iniciales)

- Hidrofobicidad
- Fuerzas electrostaticas
- Tension superficial (Darouiche, 2001)

Factores bacterianos especificos (interacciones mas
estables)

- Adhesinas fimbriales (fimbria tipo | de E. coli, fimbrias tipo IV de
P. aeruginosa, etc.)

- Proteinas MSCRAMMSs (microbial surface components
recognizing adhesive matrix molecules; S. aureus): pueden unirse

a moléculas como el colageno (a través de Cna), fibronectina (a
través de FnbAB), fibrindgeno (CIfAB y Fib), etc.



Fimbrias de P. mirabilis

Fimbrias de P. mirabilis 2921
(Dep. de Microbiologia -IIBCE)
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» 17 operones fimbriales y 13 ' posibles genes fimbriales “huerfanes™ (no
Incluides en GPErGRES)

* genes relacionades con fimbrias tipo 1V

» adhesinas no fimbrales (ej. genes similares a ail de Y: enterecolitica —
adhesion e invasion).

» Los genes vinculados a flagelos y movilidad se ubican en un locus de 53,3 kb

» Presenta un sistema de secrecion tipo Il y al menos 8 loci vinculados a
sistemas de captacion de hierro



- Polysaccharide intercellular adhesin (PIA) (icaADBC operon)

polimeros de N-acetilglucosamina. Variacion ON/OFF

(S. epidermidis y S. aureus)
- Biofilm-associated protein (Bap) (Gram +)

- Adhesinas no fimbriales (PME autotransportadora Ag43 de E.
coli, Danese et al., 2000) Variacion ON/OFF

- Flagelos
- LPS
- Polisacaridos capsulares (egj. S. epidermidis y S. aureus)

- Factores del huésped (fibrindbgeno, colageno, etc.)
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RESEARCH ARTICLE

Fimbriae have distinguishable roles in Proteus mirabilis

biofilm formation

Paola Scavone?, Victoria Iribarnegaray?!, Ana Laura Caetano?,
Geraldine Schlapp’, Steffen Hértel? and Pablo Zunino®*

Table 2. Bacterial ability to migrate across urinary catheter sections, and swimming and swarming motility.

Strain Latex (%, P) Silicone (%, P) Swimming (cm?) (P)?

Swarming (cm?) (P)?

Pr2921 15/15 (100%) 15/15 (100%) 4923 £7.79

MSD2 11/15 (73%, 0.03) 8/15 (53%, 0.0025) 30.27 + 16.09 (0.28)
P2 5/15 (33%, 0.0001) 9/15 (60%, 0.0062) 4273 + 12.83 (0.34)
UM1 11/15 (73%, 0.03) 9/15 (60%, 0.0062) 37.99 + 18.42 (0.18)
A4 2/15 (13%, <0.0001) 10/15 (66%, 0.014) 39.81 + 14.55 (0.31)

50.27 +0.10

31.37 + 19.29 (0.14)
43.01 + 12.70 (0.46)
28.27 + 0.10 (0.06)
34.21 +12.70 (0.17)

Strains used in this assay were Pr2921 wild type strain and UCA, FMF, ATF and ME/P fimbrial mutants (UM1, P2, A4 and MSD32, respectively).
2P values were calculated comparing motility areas of the wild type and each mutant.

Absorbance (590nm)
Absorbance (590nm)

*
o Mean

IEI [] MeanssD

—T_ Meanx1,96"SD
A4 MSD2 P2

o Mean
[] MeansSD

T Means1,96°SD



Flagelos de P. mirabillis

Flagelos de la cepa clinica de P. mirabilis
Pr2921 (Zunino et al., 1994).
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Mutante aflagelada y BF

-+ 2921-BV
& AF-BV
-k 2921-M
-+ AF-M
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Mecanismos de regulacion

Nos existe un mecanismo: Unico responsable de la regulacion:
especificidades

QOUorUm.SENSsIng
Principal mecanismo. de regulacion (no el tnico!)

Autoinductoeres (Bacterias Gram — Yy Gram' +)

Modulacion adhesion/dispersion:
.2 mayoria de las especies aumentan, los comportamientos asociados a la
formacion de biofilms al altas concentraciones celulares.

Mutantes arectadas en el QS forman. biofilms debiles — funcion en. /a
producion de APN extracelular



Comunicacion entre microorganismos: QS en
bacterias Gram positivas y Gram negativas

Pro-AIP ——— AIP
? Process

Pro-AIP AlP

Al Receptor- SR}
B8

Figure 1. Canonical bacterial quorum-sensing (QS) circuits. Autoinducing peptide (AIP) QS in Gram-positive V b 3 .I: h :
bacteria by (A) two-component signaling, or (B) an AIP-binding transcription factor. Small molecule QS in IDro TiIscherl
Gram-negative bacteria by (C) a LuxI/LuxR-type system, or (D) two-component signaling.

Mecanismos generales de QS

46



Procesos controlados por Quorum Sensing:

» Bioluminsencia

» Esporulacion

» Competencia

» Produccion de antibioticos

» Secrecion de factores de vrulencia

» Formacion de biofilms
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Ejemplos de sistemas de Quorum Sensing Y. su
Influencia sobre comportamientos sociales
bacterianos (Yung & Xialin, 2012)

Major Signal Group-Derived
Molecules Benefits

Microrganism

Bacillus subtlis ComX ComP/ComA Competence, [7-10,32]
CSF (PhrC) Rap proteins sporulation, biofilm
PhrA,-E, -F, -K, -H formation, antibiotic
production,
Myxococcus xanthus [355[s)iF] SasSRN Fruiting body formation [/—10]

C-signal or sporulation
Pseudomonas 30-C12-HSL LasI/LasR Structured biofilm [7-10, 28-30]
aeruginosa C4-HSL RhII/RhIR formation, virulence

OscR (orphan) factors

Staphylococcus AIP-I, AIP-II, AIP-II,  AgrC/AgrA Biofilm formation, [7-9,31]
aureus AIP-1V virulence factors
Streptococcus CSP (ComC) ComD/ComE Bacteriocins, biofilm [33-36]
mutans XIP (ComS) ComR formation, competence
Streptococcus CSPs ComD/ComE Competence, fratricide, [8,32]
pneumoniae biofilm formation,

virulence

Vibrio harveyi HAI-1, CAI-1 LuxLM/LuxN Bioluminescence [7-9,11,26]
AI-2 LuxP/LuxQ emission, symbiosis



http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3376616/#b7-sensors-12-02519
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3376616/#b10-sensors-12-02519
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3376616/#b32-sensors-12-02519
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3376616/#b7-sensors-12-02519
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3376616/#b10-sensors-12-02519
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3376616/#b7-sensors-12-02519
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3376616/#b10-sensors-12-02519
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3376616/#b28-sensors-12-02519
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3376616/#b30-sensors-12-02519
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3376616/#b7-sensors-12-02519
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3376616/#b9-sensors-12-02519
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3376616/#b31-sensors-12-02519
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3376616/#b33-sensors-12-02519
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3376616/#b36-sensors-12-02519
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3376616/#b8-sensors-12-02519
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3376616/#b32-sensors-12-02519
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3376616/#b7-sensors-12-02519
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3376616/#b9-sensors-12-02519
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3376616/#b11-sensors-12-02519
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3376616/#b26-sensors-12-02519

Segundo mensajero: di-GMP (dimeric guanosine
monophosphate) ciclico

Caulobacter crecentus, 1995

Presente en una gran cantidad de especies bacterianas
Sus niveles intracelulares determinan numerosos comportamientos
bacterianos

Sus niveles intracelulares se regulan por el balance de diguanilato
ciclasas (dominio GGDEF) y fosfodiesterasas (dominio EAL o dominio

HD-GYP).



Regulacion por c-di-GMP

cyclase phosphodiesterase

2 GTP ——*"—\—‘-—}* ¢c-di-GMP —> 2 GMP

2 PPi

GGDEF EAL
domain domain?

- Comunicacion intercelular - Motilidad

- Sintesis fimbrial - Virulencia

- Produccion de EPS (matriz!) - Resistencia a metales
- Biofilms pesados

Responde a multiples senales. Descubierto por su papel en la
sintesis de celulosa microbiana en Gluconacetobacter xylinus



Regulacion por c-di-GMP

Signal Signal

\Dlguanylate cyclase § Phosphodlestelase/
\

2GTP ——>»

\/
Receptors

PilZ domains

Virulence Cell cycle

Sondermann et al., 2013
Peguenos RNA (sRNA)

La funcion de sRNAs (25 a 500 nucleétidos, no codificantes) en la regulacion
de la formacion de biofilms se produce a través de dos mecanismos generales,
(i) sSRNAs actuando por hibridacion con otros ARN vy (ii) la union a proteinas.



Ejemplos de bacterias de relevancia clinica gue
emplean el segundo mensajero c-di-GMP

Bacteria Diseases
Vibrio cholerae Cholera

Pseudomonas aeruginosa Pulmonary and urinary tracts infections
Burn injuries infections
Blood infections

Yersinia pestis Plague of Justinian
Black Death
Third Pandemic

Klebsiella pneumoniae Pneumonia
Urinary tract
Lower biliary tract Wound infections

‘ Legionella pneumophila Legionnaires’ disease

Vibrio vulnificus Cellulitis
Septicemia




Biofilms Y. patogenicidad bacteriana

Los porcentaje de infecciones bacterianas que involucran biofilms
se estiman entre un 65% (CDC) y un 80% (NIH)

Factores en la formacion del biofilm

Factores de virulencia

Estrategias de prevencion y eliminacion



Enfermedades relacionadas con biofiims

Placa dental

Late colonizers
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Biofilms polimicrobianos

1. Streprococcus oralls and
Streptococcus sanguinis

2. SIrEpOcocCys miss

3. Streptococcys gordonit

4. Capnocyrophaga ochvaccea
5. Proplonibacterium acnes

6. Hasmophilus parainfuenzae
7. Prevotedla loeschel

8. Vallonela spp.

9. Ac#inomyces ovis and
Actinomycas naesiundll

10. Bk=neda comodens

11. Actinomyces israsli

12. Capnocysophaga gingivalls
13. Capnocytophaga spudgens
14. FusoDacerium nuclaam
15. Prevoralla denticols

16. Aggregatibacier
acdnomycaemcomitans

17. Eubacsrtum spp.

18. Treponama dentcols

19. Tannereda forsyhia

20. Porphyromonas gingivals
21. Prevoralia Iermeaia

22. Sakenomonas fueggel

Rabin et al. 2021

Mas de 700 especies de bacterias y arqueas reportadas



Fibrosis quistica

80% de los casos asociados a infecciones por P. aeruginosa

Heridas

ITU






Magnitud del problema de los biofilms asociados a
implantes medicos

Estirnataed no.

insarted in the

Linited States Rate of Attributable
Device [Eer year infection, % miortality®

Bladder catheters® =20,000,000 10-30 Loww Type of device material

2 5, 000,000 -8 Moderate Pott;.lf::r::l chloride favors bacterial adherence more than does

. , . ]
Fracture fixation devices 2,000,000 510 Lowy Paolyethylens favors bacterial adherence maore than does

Dental implants® 1,000,000 510 Low polyurethane
b BO0 000 1-3 Low Latex favors bacterial adherence more than does silicone

Table 2. Device-related factors that may favor bacterial ad-
herence.

Central venous catheters™

Joint prostheses
[ Silicons favors bacterial adherence more than does

Cardiac paces makers™? 300 000 1-7 Moderate Stainless steel favors bacterial adhersnce more than does

Marrimary implants, in pairs® 130,000 1-2 Low taniurm
. d ) Source of device material: synthetic favors bacterial adherence
Mechanical heart valves 85,000 1-3 High more than does biomaterial

Penile implants™* 15,000 13 Low Surface of device

Heart gssist devicesd Foin S5-I High Irreqular favors bacterial adherence more than does regular
Textured favors bacterial adherence more than does smooth

* Samiguantitativa scala for attributa ble mortality: low, <B%; modarate, 5 %—28%: high, Hydrophobic favors bacterial adherence more than does
=25t hydrophilic

Mumibers estimated by analtysis of market raports,

® Mumbers estimatad by review of the medical litzratura,

4 Mumbers estimatad by personal commmunication with parsonnel from device man-
ufacturing cornpanias,

¢ Mumbers astimated by review of data provided by medical associations.,

Shape of device: polyrmeric tubing favors bacterial adherence more
than does wire mesh

Darouiche, 2001




Durante la pandemia de COVID-19 se observo un aumento
dramatico de infecciones relacionadas a catéteres
Intravenosos.

Es necesario desarrollar estrategias preventivas en base a
aproximaciones clasicas y modernas

El aumento en ITU asociadas a cateterizacon no fue significativo

Pérez-Granda et al. 2021; Fakih et al. 2021; Ellison et al. 2021



Infecciones urinarias asociadas a cateteres
(ITU-C)

= Vinculadas a la formacion de biofilms en la superficie de los

cateteres
= Infecciones nosocomiales mas comunes
= Costos (USA): U$S 450 millones/aio

Incidencia:

Pacientes cateterizados hasta 7 dias
— 10 al 50 % desarrollan ITU-C

Pacientes cateterizados por mas de 28 dias
— 100 % desarrollan ITU-C



ITU-C Biofilms de P. mirabiiis sobre
secciones de cateteres (SEM)

>
20 TET = T

Secciones de catéteres

Biofilms de P. mirabilis

Departamento de Microbiologia, IIBCE; en colaboracion con el Servicio
de Microscopia de la Fac. de Ciencias



Migracion de P. mirabilis sobre secciones
(“puentes”) de cateteres urinarios

silicona

Latex (%, P) Silicone (%, P)
Pr2921 15/15 (100%) 15/15 (100%)
MSD2  11/15 (73%, 0.03) 8/15 (53%, 0.0025)

5/15 (33%, 0.0001) 9/15 (60%, 0.0062)

11/15 (73%, 0.03) 9/15 (60%, 0.0062)

2/15 (13%, <0.0001)  10/15 (66%, 0.014)

——

swimming swarming

Swimming (cm?) (P)* Swarming (cm?) (P)*
49.23+7.79 50.27£0.10
30.27+16.09 (0.28) 31.37+19.29 (0.14)
42.73+£12.83 (0.34) 43.01+12.70 (0.46)
37.99+18.42 (0.18) 28.27+0.10 (0.06)
39.81+14.55 (0.31) 34.21+12.70 (0.17)

Mutante aflagelada: 0/15

Scavone et al., 2016



Blockage Blockage

Biofilms cristalinos
de P. mirabilis
en la luz de
cateteres urinarios

AS - silicona

SCL - |atex cubierto de silicona
HCL - |atex cubierto de hidregel
HSCL - latex cubierto de
hidregel/ero

N - silicona nitrefurazena
AST - silicona/triclosan

HCLT - |atex cubierto de
hidregel/triclosan

Stickler y Morgan, 2008




Potenciales factores de virulencia
de E. coliy P: mirabilis

Uropathogenic E. coli: Uncomplicated UTI P mirabiiis: Complicated UTI

@ TD e

Type 1, B Fic, Dr, i N e MR/P UCA, ATF.
Auf, S and M fimbriae - L - PMF and PMP fimbriae

Flagella

Nielubowicz y Mobley, 2010



Mutantes de P. mirabilis (transposicion) con

capacidad alterada

Dara formar biofilms

Funcion

Adhesion (proteinas
fimbriales)

Sistemas de hierro

Transportadores

Sistemas de
reparacion

Metabolismo

Otros

Cepa mutante

Gen mutado

Fimbrial protein SteB
Fimbrial protein
Major fimbrial subunit

Ferritin
Peptide synthetase
Ton-B-dependent receptor

MFS family transporter
Two partner secretion system (SSTV)
PitA

Chemical-damaging agent resistance
UvrABC system protein B

Sensor protein KdpD
GntR
Nitrite reductase nirD

outer membrane porin protein C

Genes de distintas familias y funciones afectan la formacion de biofilms



Capacidad de formacion de biofilms en superficies
abioticas: influencia de fimbrias y flageles de P. mirabilis:
‘ensayo del cristal vieleta”

Box & Whisker Plot Box & Whisker Plot

2921 A4 MSD2 P2 UM1 2921 A4 MSD2 P2 UM1

Caldo LB Orina artificial

Valores significativamente diferentes con respecto a la cepa salvaje(Mann-Whitney, P<0.05)
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Total de bacterias y volumen de matriz en biofiims de P. mirabilis en caldo LB y en orina
artificial (AU).
Pr2921 (WT) y mutantes fimbriales UCA, PMF, ATF y MR/P (UM1, P2, A4 y MSD2,

respectivamente) en caldo LB (ay b) y en AU (c y d).
* Indica diferencias significativas en comparacion con todas las otras cepas. T indica

diferencias significativas en comparacion con las otras cepas pero no entre ellas



UPEC, biofilms y comunidades intracelulares
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Anderson et al., 2003, Robino et al, 2013: Robino et al, 2014 Ampicillin (ug/mi)

No hay relacion entre cepas formadoras de biofilms y CBI
Se relacionaron genes de las fimbrias P y la formacion de biofilms

Cepas susceptibles a ampicilina no disminuyen la biomasa del biofiim ante el
tratamiento con el antibiotico

Gonzalez et al., 2017



Métodos basicos de estudio de los biofilms

Biofilms estatices

(A) Static/Batch (B) Static/Coupon (C) Colony Biofilm

Air Source

R

S

Nutrient Source

FIGURE 1 Examples of methods for biofilm cultivation under static conditions. (A) Biofilm cultured at the
air-water interface, forming a pellicle. Published with permission from reference 83. (B) Biofilm cultured
on a glass coupon under static conditions. Published with permission from reference 84. (C) Example
of biofilm growth as a colony biofilm. Published with permission from reference 84. doi:10.1128/
microbiolspec.MB-0016-2014.f1




Biofilms en sistemas de flujo

(A) CDC reactor (B) Drip © Flow Cell/
Flow Reactor Imaging Reactor

Nutrient Source

Air Source

IR AR




